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ABSTRACT

The antifungal activity of natamycin against Aspergillus flavus was
studied by determinations of the minimal inhibitory concentration (MIC) for
natamycin on mold growth

The results indicated that natamycin exhibited a high degree of
antifungal activity against A. flavus, with average MIC values ranging from 21 to
26 ppm. Growth, sporulation and production of aflatoxins of 4. flavus were
affected by the addition of natamycin and the effect was most pronounced when
the natamycin was added at a levels of 24 and 26 ppm at pH 5.7. The natamycin
as antifungal compound was not affected by heat treatment.

A. flavus was inoculated onto peanut butter containing variable amounts
of natamycin and stored at 4 and 25°C for 20 wk. The initiation time of growth
was paralled to the concentrations of natamycin and temperatures of storage.
Natamycin at conceniration of 26 ppm completely inhibited the growth of yeast
and mold during storage. The results for treated samples reflect the effect of
natamycin on delaying the increase of TBA number and all organoleptic tests
were significant when compared with the control.

The results give basis 1o recommend ' patamycin for use¢ as
biopreservation control agent in the food industry.

INTRODUCTION

Peanuts, corn and coiton seed are often invaded before harvest by
Aspergillus flavus Link. This fungi produce aflatoxins, potent carcinogens and
cyclopiazonic acid (CPA), which is toxic to a variety of animais and has been
implicated in human poisoning (Rao and Husain, 1985; Peraica et al., 1999;
Pildain er al., 2004). Aflatoxins have been found as contaminants in agricultural
and food products, being peanut and their derivative products such as peanut
butter and oil (Blesa et al., 2003).

Mycotoxicoses, which can occur in both industrialized and developing
countries, arise when environmental, social and economic conditions combine with
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meteorological conditions (humidity, temperaiure) which favour the growth of
moulds (Bakirci 2001; Galvano ef al., 2001; Aycicek, et al., 2005). Large amounts of
food and feed are lost every year due to spoilage by moulds and yeasts.
Biopreservation, i.e. the use of microorganisms as preservatives instead of chemicals,
has gained increased interest (Lind, et af., 2005). Several techniques arg used for the
preservation of food and feeds. Drying, freeze-drying, cold storage, modified
atmosphere storage and heat treatments are ali means of physical methods of food
preservation (Farkas, 2001). Several chemical additives also function as preservatives,
even though the exact mechanisms or targets often are not known (Davidson, 2001).
The organic acids acetic, latic, propionic, sorbic and benzoic acids are used as food
preservatives (Brul and Coote, 1999; Gab-Alla and Sheriff, 2002).

The antibiotic aatamycin, produced by Streptomyces natalensis is
effective against yeasts and moulds and a common presetvative on surfaces of
hard cheese (Davidson, 2001). Natamycin is usually applied as a surface
treatment, particularly to the surface of hard cheeses and dry fermented sausages
and has also been used to treat the surface of smoked cured meat. Natamycin is
also uscd as direct addition to yoghurt, bakery products, fruit juice, wine (Thomas
and Broughton, 2001; Aideia and Sherif, 2004},

The aim of this smdy was {o evaluate antifungal agent (natamymn) as
bloprescrvahve on peanut butter quality during storage.

MATERIALS AND METHOBS

Strain cultivation and maintenance

Aspergillus flavus strain was obtained from the mycotoxin laboratory
National Research Center, Doki, Cairo, Egypt 4. flavus was maintained on
sabourand dextrose slants, and subcultured monthly. The sabourand dextrose agar
was composed of 40 g dextrose, 10 g bacteriological peptone and 16 g
bacteriological agar per liter, adjusted to final pH 5.6 and was autoclaved at
121°C for 15 min (oxid, England).

A. flavus spore suspension was prepared as described by Osman (2004).
A. flavus was grown on sabourand dextrose slant agar at 28°C for 10 days. The
spores were harvested in sterile phosphate buffered diluent (pH 7.2 containing
0.05%, viv Tween 80). The buffer solution (30 ml) was added to the slants and
the spores were loosencd by geatly bruching with a sterile inoculating loop.
Mycelial debris was removed from spore suspension by filtering twice through
several layers of sterile damp cheesecloth. The concentration of the spores in the
suspension was determined on sabouraud dextrose agar medium using the spread
plate technique and incubation at 30°C for 4 days.

Minimum inhibitory concentration (MXC)

Minimum inhibitory concentration (MIC) for natamycin on mold
growing on sabouraud dextrose agar containing natamycin according to methods
described by Brothers and Wyatt (2000) as follows:
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: One ml of 24 hr activated cultures was serially diluted and one ml from each
dilutions (in duplicates) was transferred into Petri dishes, Different concentrations of
patamycin from 0 to 24 ppm were thoroughly mixed with sterilized medium (10 mi),
then poured into aforementioned Petri dishes. The dishes were incubated at 30°C for
72 hr. the viable colonies were counted and inhibition percent was calculated and
referred to the viable count at 0.0% natamycini.

Natamycin produced by Danisco comp. DK. §220 Brabrand, Denmark and
obtained from Amson International Trading Company, El-Mohandesin, Giza, Egypt.

Effects of natamycin on mold growth and aflatoxin production at different pH

- - Different concentrations of the natamycin (0, 18, 21, 24 and 26 ppm)
were thoroughly mixed with sterilized sabouraud dextrose broth medium (100 mil)
and inoculated with 4. flavus (from spore suspension) to a level of 6.1 x 10°
spores mi” at different pH (4.7, 5.7 and 6.7) for each concentrations. The flasks
were incubated at 27°C for 35 days (the end of the experiment) with daily
examination for visible fungal growth and spore initiation at the end of the
experiments (35 days) flasks showing visible fungal growth were autoclaved at
121°C for 15 min to help the release of aflatoxin from the spore mycelia (Osman,
2004) and kept at -18°C until analysis for aflatoxins.

Effects of heat treatments on the antifungal activity against A. flavas

Sabouraud dextrose broth medium at pH 5.7 were mixed at
concentration 24 ppm of natamycin and divided into four treatments. One left
without any heat treatment as control, one pasteurized at 60°C for 30 min, one
steamed at 100°C for 15 min, and one autoclaved at 121°C for 15 min and -
followed by coeling to 20°C, then the flasks were inoculated with 4. flavus to
level of 6.1 x 10” spores miI™. The count of viable 4. flavus spores was counted on
sabouraud dextrose agar medium using the spread plate technique and incubation
at 30°C for 4 days (American Public Health Association, 1993).

Effect of natamycin on growth of mold in peanut butter
Peanuts were obtained from Ismailia city (2004 season), shelled manuaily
and roasted at 160°C for 60 minutes according to (Gab Alla and Gad, 2001).

Peanuts butter was prepared using the following formula: roasted peanut
(92%), glycerol (2%), dextrose (2%), NaCl {1%) and peanut oil (3%). The roasted .
peanut was mixed with all ingredients in a kitchen mixture to produce
homogenous peanut butter. The mixture was then pasteurized at 70°C for 15 min.,
and cooled. The prepared peanut butter was divided into two portions for
treatments. One portion was divided inte three parts and adjusted pH to 4.7 and
6.7 (using NaHPQ.) then every part divided into five treatments and mixed with
natamycin at levels of 0, 18, 21, 24 and 26 ppm. All treatments were inoculated
with 4. flavus to a level of 6.1 x 10° spores mi”. The second portion was also
divided by the same method but without inoculated with A. flavus, All samples
were packed in sterile containers and stored at 4 and 25°C .

Samples from each treatment were taken at specified time intervals
throughout storage for analysis.
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Analysis

The moculated treatments were ¢xamined daily for visible fungal growth
{growth initiation and spore initiation. Mold and yeast counts were enumerated in
uninoculated treatments on potato dextrose agar (APHA, 1993). Thiobarbituric
acid (TBA) value was determined as described by Pearson (1981). Extraction and
determination of aflatoxins according to the method described by (AOAC, 1995)
using a high performance liquid chromatography system (HPLC, Agilent,
Technologists 1601 California, Avenue Palo AHO, CA 94304, USA).

Sensory evaluation

All samples (uninoculated} were subjected to sensory evaluation at 0, 10 and
20 week of storage at 4 and 25°C for flavour (50) colour (25) and texture (25),
Statistical analysis were applied by carrying out analysis of variance followed by the
. multiple comparisons using LSD at p < 0.05 according to Steel and Torrie (1980).

RESULTS AND DISCUSSION

MIC values of natamycin

The minimum inhibitor concentrations (MIC) of natamiycin against 4. flavus
is shown in Fig (1). Generally the reduction of viable cells graduaily increased
according to the increase in the natamycin concentration, which was added to the
growth medinm. A. flavus gave total inhibition at concentrations of 24 ppm. Thomas
and Broughton (2001) attributed the activity of natamycin against both moulds and
yeast due to irreversible binding of natamycin to ergesterol disrupts the cell
membrance, increasing its permeability and causing leakage from the eventually
leading to cell death, in which the ergesterol is an essential component of the cell
membranes that is present in all yeasts and fungi. MIC value determinations rely on
discrimination of growth or none growth of the target organism.

The initiation of growth is influenced by the inoculum size (Jensen ef al.,

1987; Fernandez-Garayzabal and Genigeorgis, 1990; Lind ef al., 2005). We used 61 x

104 ccll mi-1 in the examination of MIC of natamycin. This level was based on

" previous experience, considered a suitable inoculum size with regard to experimental

- repoducibility. Another inoculum size may have given slightly different results which
is important to remember when the MIC are referred to in future projects.

Effects of natamycin on growth of A. flavus and aflatoxin production in
nutrient broth medium at differeat pH
Natamycin was mixed with nutrient broth medium inoculated with 4.

Javus spores and incubated at 27°C exhibited inhibitory effect on A. flavus spores
at concentration 24 ppm (there were no fungal growth or aflatoxin production). 4.
Jlavus showed a visible fungal growth after 2 days in control sample at different
pH, while showed visivie fungal growth after 11 and 21 days at concentration of
natamycin 18 and 21 ppm at pH 4.7, on the other hand 4. flavus showed a visible
fungal growth afier 18 and 31 days at pH 5.7 and 15 and 25 days at pH 6.7 at the
same concentrations of natamycin (Table, 1).
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Fig. (1): Minimum inhibitory concentrations (MIC) of natamycin Aspergillus

Slavus’ : '

Table (1); Effects of natamycin on growth of A. flavus and aflatoxin
production in broth medium at different pH

' ci?:ial:::?:tli?m Aflatoxins
(ng/ml)

(ppm)
B: G, G;

27.9
8.9 13.6 6.7
6.1 8.2 2.1
ND ND ND
ND ND ND

5.1 5.6
39 ' 13
ND ND
ND ND

8.2
5.6
ND
ND

1= growth initiation (days)

2= spore initiation (days)

b= no growth or sporulatior: detected after incubation period
ND = not detectable
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Total aflatoxin production at concentration of 18 ppm natamycin were 37.5,
32.6 and 35.5 mg/mi at pH 4.7, 5.7 and 6.7 respectively, while at concentration of 21
npm were 22.3, 12.5 and 18.7 mg/ml as compared to control sample (Table, 1). The
data indicate that the natamycin performs optimally at pH 5.7 but was still effective at
pH 4.7 and 6.7 with a slight reduction in activity, below pH 4.7 and above pH 6.7,
antifingal effectiveness may drop from the previous data it could be noticed that
natamycin is more active on A. flevus in pH batween 4.7 and 6.7. This property is
very interesting, since in low pH foods veasts and molds are the principal
microorganisms that would grow and cause some deterioration of organoleptic quality
and/or food safety (Faid ef al., 1995), The effect of pH on mould growth and aflatoxin
production is a matter of confroversy among different investigators (Karunaratue ef
_al, 1990; Osman, 2004). On the other hand Aideia and Sherif (2004) reported that
natamycin has no direct action against aflatoxin or their synthesis, but overall control
of fungi lead to control of aflatoxins. Natamycin is commonly used to control fungal
growth on agar media used for bacterial enumeration or strain isolation (Mohamed et
al., 2005).

Effect of heat treatment on the antifungal activity on the growth of A. flavus.

The effect of heat treatment on the antifungal activity of natamycin was
studied at concentration of 24 ppm which had been heat treated under different
conditions and inoculated with 4. flavus as shown in Fig. (2). The data showed
that natamycin remain nearly stable at pasteurized and outoclaved temperatures
while the effectiveness is reduced (Slight reduce) by exposure to steaming at
100°C for 15 min. This indicated that the natamycin as antifungal compound was
no: affected by heat treatment.

105 H
100
£ 95
5 | |
g 90
=2
£ 85-
80 4
75 o T "1 T T —
Control Pasteurization Autoclaving at Steaming at

ai 60C 121C 100C

Fig. (2): Effect of different heat treatment on the antifungal activity (24 ppm
natamycin) on the growth of A. flavus

Effect of natamycin on growth of A. flavus in peanut butter during storage
Mould growth and spore initiation were not detected in samples treated
with 26 ppm natamycin for 20 wk at pH 5.7 and 6.7 and 17 wk at pH 4.7
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compared to control sample during storage at 4°C (Table, 2). The same trend
observed during storage at 25°C but for a short time (Table, 3). Mohamed ef al.
(2005) concluded that natamycin concentrationt up to 200 ppm were not sufficient
to control fungal growth when plates-were incubated at 28°C. This might be due
to the poor stability of natamycin during incubation petiod at 28°C. The findings
revealed that 26 ppm of natamycin prevented the mould growth for 20 week in
peanut butter at pH 5.7 during storage at 4 or 25°C. These resuits are agresment
with that reported by Var ef al. (2004) who reported that no mould growth were
detected in kashar cheese samples produced by combined application of
natamycin and packaging matgrials during five month ripening period. The
shredded cheese may also be coated with an antimycotic agent to inhibit the
growih of molds on the surface of the shreds. Natamycin is the preferred choice,
since it is for more effective against- molds and yeast than sorbates and
propionates (Hamilton-Miller, 1974; Elayedath and Barringer, 2002). '

Table (2): Effect of natamycin on growth of Aspergillus flavus in peanut
butter at different pH degrees during storage at 4°C for 20 week

Natamycin concentration
A. h
Slavus growt (ppm)

0 18 21 24 26
| pH 4.7

Growth initiation (days) 7 38 61 88 113
pore initiation (days) 15 50 72 101 130

7]

pH 5.7
Growth initiation (days) 7 49 88 115 -
| Spore initiation (days) 15 56 93 - -
| pH 6.7
| Growth initiation (days) 7 43 78 113 -

Spore initiation (days) 52 86 131

Table (3): Effect of natamycin on growth of Aspergillus flavus in peanut butter at
different pH degrees during storage at 25°C for 20 week

Natamycin concentration
A. flavus growth (ppm)

] 18 21 24 26
pH 4.7
Growth initiation (days) 2 18 31 62 81
Spore initiation (days) 5 29 52 86 94
pH 5.7
Growth initiation (days) 2 28 49 89 -
Spore initiation (days) 5 36 57 115 -
pH 6.7
Growth initiation {(days) 2 18 33 65 106

31 56

Spore initiation (days)
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Yeast and meld counts of peanut butier containing natamycin during storage

Total yeast and mold of peanut butter containing natamycin up to 24
ppm decreased at the storage period progressed then slightly increased for both
microorganisms until the ¢nd of storage periods at 4 or 25°C. The decrease of
growth at the end of incubation periods was paralled to the temperatures of
incubation. Natamycin at concentration of 26 ppm completely inhibited the
growth of yeast and mold during storage at 4 or 25°C (Table, 4 and 5). The
presence of natamycin and thus their ability to inhibite the yeast and mould might
explain the decline of total number Elayedath and Barringer (2002). Natamycin a
product that is safe for humans and utilized in food technology was proposed by
Pedersen (1992) to replace cycloheximide in agar media. The concentration used
vary over on exicnded range from 21 to 500 ppm (Gomez ef al., 1995; Edelstein
and Edelstein, 1996; Stack et al., 2002; Mohamed et al., 2005).

Table (4): Yeast and mold counts of peanut butter containing natamycin at

Natamycin concentration
(ppm)

21

pH A7

1.6+ 0.17 x 10
3.3 £ 0.06 x 10°
2.5+£0.33 x 107
2.30.08x10°
3.7+0.26 x 10°

1.1+£0.17 x 107
0.4+ 011 x 10?
0.5+0.13 x 102
0.7+028x 10°
1.4+ 0.01 x 10?

0.9 +0.33 x 10°
0.3%008x10°
0.6 + 0.08 x 10°
0.6 % 0.08 x 107
0.9+0.13 x 10°

1.5+ 0.07 x 10°
3.3+£0.06 x 107
0.8+0.11x 10°
2.14+0.08 x 10°
3.5+0.26x 10°

pH 5.7
0.9+0.28 x 10°
03£0.32x10%
0.5£0.05 x 102
0.7£0.01 x 10°
1.1£0.13x 10%

0.6+ 0.13 x 10°
0.3 £ 0.08 x 102
0.3+ 0.08 x 107
0.4+ 023 x 10°
0.7+ 0.08 x 10°

1.5+£007 x 10°
3.4 £ 0.08 x 10*
0.7+0.11x 107
2.2+0.07 x 10°
3.6 +0.26 x 10°

pH 6.7
1.1+£0.26x 10°
0.3%0.27 x 10?
0.6 + 0.0! x 10°
0.8+0722x10°
1.2 £0.03 x 10%

1.0+0.11x 10?
0.7+0.29 x 10
0.5+0.09 x 10°
0.5+ 0.01 x 10°
0.9 % 0.28 x 10°

The presented data is the mean + standard deviation of three replicate experiments

TBA values of peanut butter during storage

TBA values for control and treated samples increased at any given time
of storage at 4 and 25°C except treatments 4 and 5 had less TBA values compared
to anothers samples (Fig. 3 and 4). The results for ireated samples reflect the
effect of natamycin on delaying the increase of TBA comparison with control
sample. The increase of TBA values at the end of storage time might be due to the
increase of lipolytic activity as a result of yeast and mold growth which
encourage lipid oxidation. These results are in good agreement with that reported
by Aidieia and Sherif (2004) concluded that natamycin could be used as a safe
preservative against mould and yeast in kareish cheese and other dairy product,
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Table (5): Yeast and mold counts of peanut butter containing natamycm at

different

pH degrees during storage at 25°C

Natamycin concentration

(ppm)

18

21

1.6 +£0.17x10°

3.3 £0.06x10%

8.5+£033x10°
23 0.08x10°

- 3.7+0.26x10°

pH4.7

1.6 +£0.7x10°
1.2 +0.12x10?
0.8+0.24x10°
2.1 %0.23x10°
5.6+0.01x10?

L1 +0.17x10°
03 £023x107
0.7+ 0.08x10%
1L.1+0.16x107
2.140.05x1¢7

0.7 +0.23x10%
0.9+0.11x10°

1.5 0.07x10%
3.3 %0.06x10°
8.8+ 0.11x10°
2.1+0.08x10°
3.5+0.26x10°

pHS5.7

1.2 +£0.13x10%
1.0 +0.11x107
0.9£027x10°
1L6+£0.15x10°
4.6 +0.16x10°

0.940.01x10%
0.2 +0.23x107
02 +£0.12x10°
0.8 +0,03x10°
13%0.17x10

03 +0.16x10%
0.9+ 0.21x10°

1.5+£0.07x10°
34+ 0.08x)0°
874+0.11x10°
22+£007x10°
3.6 +026x10°

pH 6.7
14£031x10° 0.9+0.11x10°

1.1£0.82x10°
0.9+0.11x10°

0.5 +0.11x1¢7
0.8+ 0.07x10%

23+022x10° 1.3£0.15x10°

6.0+0.13x10° 1.9+021x10%

0.6 £0.21x10°
1.1 +£0.08x10?

The presented data is the mean + standard deviation of three repli experiments

' TBA (mg malonaldehyde/kg)
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& 24 ppm natamy cin 2 26 ppm natamy cin
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Storage period {(weeks)

Fig. (3): TBA values of peanut butter contammg natamycin at pH 5.7 during
cold storage at 4°C
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Fig. (4): TBA values of peanut butter containing natamycin at pH 5.7 during

storage at 25°C

Sensory properties of peanut butter during storage

Data presented in Table (6) summarized the sensory evaluation of peanut
butter made with and without different concentration of natamycin during storage
at 4 and 25°C. It is obvious that there are not significant differences in flavour, -
color and texture between control and treatment at zero time.

“Table (6): Sensory properties of peanut butter containing natamycin at pH
5.7 during storage at 4 and 25°C

Sensor_y Flavour Colour Texture
properties

W — Storage at 4°C
- Owk 10wk 20wk Owk 10wk 20wk Zwk 10wk 20 wk
46.9a 3890 359¢ 241z 198c 154c 232a 20.7¢c 16.0c
46, 7a 447a 37.2¢ 24.0a 20.3bc 17.5bc 22.3a 2:.8bc 18.3b
4692 46.1a 394ab 241z 21ab 17.9b 234a 2:9ab 20.1a
46,52 463a 416a 241z 21.9a 203z 24.0a 23.la 203a

1.0605 2.3396 2.59326 0.8774 1.0506 2.1343 1.1142 1.2671 1.0430
Storage at 25°C

46.9a 363c 347b 24.l1a 182b 152¢c 23.2a 185c 155¢

46.7a 37.1b 354b 240a 140b 167b 223a 21L.1b 16.8bj

£6.9a 394a 369a 24.1a 20.7a 192b 23.4a 2l.6ab 183 |

46.5a 396a 37.8a 24.1a 205a 195a 240a 22.1a 19.2bj

1.0605 1.0177 1.425 0.8774 0.9320 1.2163 1.1142 0.9689 1.0186

T: control sample

T): Treatment (1) containing 21 ppm natamycin

T,: Treatment (2) containing 24 ppm natamycin

T;: Treatment (3) containing 26 ppmn natamycin

A, b, ¢ there is no significant difference (p > 0.05) between any two means have
the same letter within the storage period at the same temperaturs
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Regarding the effect of storage at 4°C and 25°C on scnsory properties
changes, the data showed that peanut butter stored at 4°C was more acceptable
than that-stored at 25°C. On the other hand, all organoleptic significant when
compared with the control sample after 10 and 20 wik of storage at 4°C and 25°C.
sensory panelists rated peanut butter treated with 24 and 26 natamycin as being
more acceptable (are significantly higher) than control in all sensory
characteristics under study after 10 and 20 wk of storage at 4°C or 25°C. This
could be attributed to the inhibitor effect of natamycin in reducing the yeast and
mold content. Elayedath and Barringer (2002) mentioned that the first appearance
of mold was taken as the end of the shelf life s judged by a typical consumer.
Similar results observed by Aideia and Sherif (2004) who reported that addition
of natamycin to soft cheese like karcish cheese increase shelf life during
refrigerated storage and keep safe for human consumption. Kilic et af. (2000)
reported that some microbiological spoiling observed in cheese is a result of
lipolytic and proteolytic activities of som¢ microorganisms. Lipolyze is the
formation of rancidity and off-flavour in cheese due to breaking of triglycerides
with the effect of lipase enzyme into fatty acids and glycerine. On the other hand,
proteolytic enzymes, not easily affected by heat, break proteins in the
environment and they also produce unwanted taste and semell in the product.
Yeasts can, on the one hand, contribute to taste, smell and aroma formation in
ripening process of cheese, on the other hand, they can cause spoiling. They cause
organoleptic change by hydrolyzing fat (Pereira-Dias et al, 2000). The
concentration of natamycin needed is less than that for other preservatives and
nalamycin does not penectrate the cheese and effect the flavour and natural
microbiota of cheese (de Ruig and Van den Berg, 1985; Jay, 1998).

CONCLUSION

The effect of antifungal agent on the quality of peanut butter could be
concluded that, the use of natamycin as a food preservative extends the following
benefits to consumners and food manufacturers: 1- extends food shelf life by the
control of spoilage due to yeast and mould contamination, 2- reduces product
recalls resulting from spoilage. This not only protects the reputation of the food
manufacturer but also cuis manufacturing costs, 3- satisfies the containing
consumer demand for natural products, 4- imparts no adverse flavour to food
unlike sorbates that often confer a bitter taste, 5- stonger cidal activity compared
to sorbate, 6- prevents the formation of potentially carcinogenic mycotoxins.
Even if mould growth is removed from the food surface where it tends to grow,
the toxins and other chemicals it may had produced will already have migrated
into the food.

REFERENCES

Aideia, H A. and Sherif, M. ML (2004): Mycostatic effects of natamax on shelf life of
kareish cheese during storage. Proceeding of the Annual Meeting of the
Egyptian Society of Toxicology. Alex., Feb, 18-19.

American Public Health Association (1993): Standard methods for the examination of
dairy products (16™ ed.). Washington, DC: APHA.



1818 Annals Of Agric. Sc., Moshtohor, Vol. 43(4), 2005

AQAC (1995): Namral toxins. Official methods of analysis of the association of
official analytical chemists (16® ed.) (p. 10, 18 and 19). Washington, DC:
AQAC.

Aycicek, H; Aksoy, A and Saygi, S. (2005): Determination of aflatoxin levels in
some dairy and food products which consumed in Ankar, Turkey. Food
Conitrol, 16, 263-266.

Bakirei, L (2001): A study on the occurrence of aflatoxin MI in milk and milk
products produced in van province of Turkey. Food Control, 12, 47-51.

Blesa, I.; Soriano, J. M_; Molto, J. C.; Marin, R_ and Manes, J. (2003): Determination
ofaﬂatomlsmpmnmsbymmnxsohd-phased]spemonandhmnd
chromatography. J. Chromatography A, 1011, 49-54,

Bmthers,AMandWyati,RD (2000): 'I'heantxﬂmgalactmtyofnatamycmtowald
molds isolated commgrcially manufactured poultry feed. Avian Dis. 44
(3): 490-497.

Brul, 8. and Coote, P. (1999): Prescrvative agents in foods mode of action and
microbial resistance mechanisms. Inter. J. Food Microbiol. 50, 1-17.

Davidson, M. P. (2001); Chemical preservatives and natural antimicrobial
compounds. In M. P. Doyle; L. R. Beuchat, and T. J. Montville (Eds.),
Food Microbiology: Fundamentals and Frontiers (pp. 593-627).
Washington: ASM Press.

de Ruig, W. G. and Van den Berg, G. (1985): Inﬂmnceofﬂwﬁmglc:dtssorbateand
natamycin in cheese coating on the quality of the cheese. Nethierlands
Milk and Dairy Journal. 39, 165-172,

Edelstein, P. H. and Edelstein, M. A. (1996): Natamycin as a selective antifungal
agent in media for growth of Legionella spp. 1. Clin. Microbiol. 34, 185-
187.

Elayedath, S. and Barringer, 5. A. (2002). Electrostatic powder coating of shredded
cheese with antimycotic and anticaking agents. Innovative Food Science
and Emerging Technologies. 3, 385-390. '

Faid, M.; Bakhy, K.; Anchad, M. and El-Araid, A. T. (1995). Almond paste:
physicochemical and microbiological characterization and preservation
with sorbic acid and cinnamon. J. Food Protec. 58, 547-550.

Farkas, J. (2001): Physical methods for food preservation. In: MP. Doyle, L. R
Beuchat and T. J. Moniville (Eds,), Food microbiology: Fundamentals
and frontiers (pp. 567-592). Washington: ASM Press.

Femnandez-Garayzabal, J. and Genigeorgis, G. (1990): Quantitative evaluation of
three sclective enrichment broths and agars used in recovering Listeria
microorganisms. J. Food Protec. 53, 105-110.

Gab-Alla, A. and Sheriff, M. (2002). Prevalene of some Aeromonas and
Pseudomonas species in chilled ground meat treated with acetic and lTactic
acids. Annals of Agric. Sc., Moshtohor. 40 (1): 379-395.

Gab-Alla, A. and Gad, S. (2001); Production of peamut butter by incorporation of
Bifidobacterium lactis Bo-12. Zagazig 3. Agric. Res. 28 (1): 189-198.

Galvano, F.; Galoforo, V.; Ritieni, A.; Bognanno, M_; De Angelis, A. and Galvano,
G. (2001): Survey of the occurrence of aflatoxin Ml in dairy products
marketed in Italy: second year of observation. Food Additives and
Contaminants. 18 (7), 644-646,



Effects Of Natamycin As Biopreservative On Peanut...... 1819

Gomez, M.; Revellin, C; Hartman, A and Catroux, G. (1995) Improved
emumeration of Bradyrhizobium japonicum in commercial soybean
inoculants using selective media. Lett. Appl. Microbiol. 21, 142-145.

Hamifton-Miller, I. M. (1974): Fungal sterols and the mode of action of the polyenc
antibiotics. Advances in Applied Microbiology, 17, 109-134.

Jay, 1. (1998): Modern Food Microbiology (pp. 293-294). Gaithers burg, Md: Aspen
Publishers,

Jensen, M. J.; Genigeorgis, C. and Lindroth, S. (1987): Probability of growth of
Clostridium botulinum as affected by strain, cell and serological type,
inoculum sizearﬁtempemtureandtimeofim:ubationinamodelbroth
system. Journal of Food Safety 8, 109-126.

Karunamatue, A.; Wezenberg, E. and Bullerman, LB. (1990): Inhibition of mould
growth and afiatoxin production by Lactobaciltus spp. J. Food Protec. 53,
230-236.

Kilic, S.; Kavas, G. and Uysal, H (2000): Sit teknolojisi acisindan psikrotrof
bakteriler. In M. Demirci (Ed.) Siit Mikrobiyolojisi ve katki: Maddeler:
V1. Siit ve siit Griinleri Tebligler kitabi. Tekirdag,

Lind, H; Jonsson, H. and Schnurer, J. (2005): Antifungal effect of dairy
propionibacteria- contribution of organic acids. Inter. J. Food Microbiol,
98, 157-165.

Mohamed, MLA_; Catroux, G.C. and Hanman, A. (2005): Effect of natamycin on the
enumeration, genctic structore and composition of bacterial community
isolated from soils and soybean rhizosphere. J. Microbiol. Methods. 60,
3140.

Osman, MM. (2004): Factors affecting the antifungal properties of Brevibacterium
finens. Inter. Dairy Journal, 14, 713-722.

Pearson, S. (1981): Chemical Analysis of Food. Edinburgh London Melbourne and
New York.

Pedersen, J.C. (1992): Natamycin as a fungicide in agar media. Appl. Environ
Microbiol. 58, 1064-1066.

Peraica, M.; Radic, B.; Lucic, A and Pavolvicc M. (1999): Toxic effects of
mycotoxins in humans. Bull. World Health Organ. 77 (31, 754-763.

Pereira-Dias, MLE.; Potes, A.; Marinho, A.; Malfeito-Ferreira, M. and Loureiro, V.
(2000): Characterization of yeast flora isolated from an Artisanal
Portuguese Ewes, Cheese. International Journal of Food Microbiology.

: 60, 55-63.

Pildain, M.; Vaamonde, C. and Gabral, D. (2004): Analysis of population structure of
Aspergillus  flovus from peanut based on vegetative compatibility,
geographic origin, mycotoxin and sclerotia production. Inter. J. Food
Microbiol. 93, 31-40.

Rao, BL. and Husain, A. (1985). Presence of cyclopiazonic acid in kodo millet
(Paspalum scrobiculaturmn) causing koda poisoning in man and its
production by associated fungi. Mycopathologia 89, 177-180.

Stack, JA_; Harrison, M. and Perrett, L L. (2002); Evaluation of a selective medinm
for Brucelia isolation using natamycin. J. Appl. Microbiol. 92, 724-728,

Steel, RG. and Tomie, JH (1980): Principles and Procedures of Statistics,
Abiometrics Appruach (2™ Ed.). McGaraw-Aill Book Co., New York,
USA.



1820 Annals Of Agric. Sc., Moshtohor, Vol 43(4), 2005

Thomas, L.V. and Broughton, D.J. (2001): Applications of the natwral food
preservative natamycin. Research Advances in Food Science, 2, 1-10.
Var, L; Guven, M. and Kabak, B. (2004): Effects of antifungal agent and packaging
' material on microflora of kashar cheese during storage period. Food
Control,. 14, 233-237.

e ol 53 B 1o s B JalaS (el e

A gl S
Labetad¥) — (o pull 508 Taaba — Fed ) 38 A — TN Cleliall o

Aspergillus flavus e Natamycin —8 &b plaill sbiadll Jablsll 4 p0 5 .
ikl g o Natamycin U (MIC) Lafidd) oY 58 5l
A flavus 3 &l kil sas e bl Jlaay natamycin —3 of 285 Caa
sl e 32 Y=Y o L ) 5 MIC Jae siag

Ulaly S leagen ogandl 2y o5 ol (9S54 flavus gai O 22y
i e 3a YN ¢ VE Ol gluaay aGilizl dic il g 000 IS Cua ¢ natamycin W
Y Sl )Saall sl oS yaS natamycin ) o 22y LS ¢ 0, pH o ¢l
Aibie eSSl &y giaadl il gl Jaill 335 el 3. Ap ) pal Aldadly iy
cpar—ad Yo s Y0 ot L U g5 385, 4. flaves — W natamycin i (e
e G 333 55 a a0y el W K 5 aa gadll el iy (5 5155
cOpaaliil) e gl 6 s G2 Y lasiuly Jalslly jilaaly by plaill g days

TBA —J 330 bl o cowdil 585 colibedl g6l Gyl
sty il Sil | a g5 g 5 pSh e Lian 16355l die 3y gina (@)l S,y
s!&ﬂ‘i&lﬁméuxﬂhﬂl‘_‘irﬂﬁdﬁ@uﬁ‘m





