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ABSTRACT

Inhibition of spoilage mold of common contaminant of bakery goods in modal agar system by potassium sorbate and
calcium propionate in wide range of concentration (0 - 2000 ppm) at different pH (5.5 - 7) was investigated. All Sam-
ples were examined daily for mold growth. Results showed that both potassium sorbate and calcium propionate can be
used effectively to inhibit mold growth and the effectiveness of these preservatives is enhanced by increasing the con-
centration and decreasing the pH. The effect of modified atmosphere packaging (MAP) comprised of 60% or 80% CO,
(balance N,) and oxygen absorbents on the growth of mold was also studied on the agar system. The results indicated
that mold growth was prevented up to 42 days in packs flushed with 60% or 80% CO, (balance Ny). It was also evident
that all samples did not show mold growth for >40 days when packaged in the presence of oxygen scavenger sachet.
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1. Introduction

Hurdle technology is now widely used in the design of
new food products and the most suitable tool to develop
new and safe products [1]. The main factors, such as an-
timicrobial agents, pH, water activity (aw), and modified
atmosphere packaging (MAP), influence the growth of
the common spoilage molds of bakery goods [2]. Che-
mical preservatives are widely used to extend the shelf
life and keep quality of bakery products, snack foods,
pizza, meat, and cheese [3,4]. Sorbic acid, and its potas-
sium salt have been used successfully to inhibit the
growth of yeast, molds, and many bacteria in food [4].
Propionic acid and its salts are also highly effective mold
inhibitors, without inhibiting yeast activity, and are used
to prevent mold growth and ropiness in bakery goods.

From a food technologist’s view point, water activity
(aw) i.e., the amount of available water in food for mi-
crobial growth, is the most important parameter influ-
encing the growth and metabolic activity of microorgan-
isms [5,6]. Microbial spoilage and food poisoning occur
if the aw of the substrate is favorable for the growth of
microbial contaminants. Most microorganisms contami-
nating food grow at a high aw, while a few, such as os-
mopbhilic yeasts, require a low aw for growth. Thus, if aw
decreases, only a few microorganisms are capable of
growing in, and spoiling a specific food.
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Modified atmosphere packaging (MAP) is becoming
an increasingly popular method of food preservation.
MAP, involving various gas mixtures of CO,, O,, and N,
has been used to extend both chemical and microbial
shelf life of meat [7,8], peanuts and pecans [9], fish [10],
rice, pasta [11,12], and bakery goods [13,14]. However,
it has been used sparingly as a method for extending the
mold free shelf life of baked. The aim of this study is to
evaluate the effectiveness of preservatives, pH and MAP
to control growth of the common contaminants of bakery
goods Aspergillus niger, Pencillium expansum, and Pen-
cillium notatum, in model agar systems.

2. Materials and Methods

2.1. Microorganisms and Inoculum Preparation
Selecting a Template

Mold strains of Aspergillus niger (16404), Pencillium
notatum (10108), and Pencillium expansum (7861) were
obtained from the American Type Culture Collection
(ATCC). Cultures were grown on Potato Dextrose Agar
(PDA) (Difco, Michigan, USA) at 27°C and transferred
every three weeks to ensure viability. The inoculum was
prepared by growing molds on PDA at 27°C for 5 to 7
days until sporulation had occurred. Mold spores were
harvested by dislodging spores into 9 ml of 0.1% (v/v)
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peptone water containing 1 - 2 drops of Tween 80 to pre-
vent spore clumping. Spores were enumerated using an
Improved Neubauer haemacytometer (Fisher Scientific).
Appropriate dilutions of each stock solution were made
using 0.1% peptone water to give working suspensions
containing an inoculum level of ~104 spores/ml through-
out this study.

2.2. Preparation of Potassium Sorbate and
Calcium Propionate

A 10% (w/v) stock solution of each preservative was
prepared by dissolving 10 g of potassium sorbate (KS)
and calcium propionate (CP) in 100 ml water then stir-
ring for approximately 2 min. The preservatives were
then filtered and sterilized by using a seitz filtration unit
(Nalge Company, Sybron International, NY, USA). Each
preservative solution was stored in a dark bottle under
refrigeration until use.

2.3. Antimicrobial Effect of Preservatives at
Various pH Levels

Experimental flasks were filled with appropriate amounts
of Potato Dextrose Agar (Difco, Michigan, USA), steril-
ized by autoclaving at 121°C for 15 min, then cooled in a
water bath to 50°C. The pH of the cooled media was then
adjusted to pH 5, 5.5, 6.0 and 7.0 using 1 N NaOH or 1 N
lactic acid. The pH of the media was checked using a
previously calibrated pH meter (Model 220, Corning
Glass NY) with an agal filled polymer body combined
electrode with agal Ag/AgCl reference (Fisher Scientific,
Model (13-620-104). Appropriate amounts of each stock
solution of potassium sorbate, calcium propionate, and
equal mixtures of each stock solution were then added
aseptically to the pH adjusted media to give final con-
centrations ranging from 0 - 2000 ppm at increments of
250 ppm i.e., levels commonly used comercially as
shown in Tables 1-3 respectively. The media was then
dispensed into petri dishes (150 x 150 mm) and allowed
to solidify in a sterile laminar flow cabinet (Labconco
Corporation). Plates were inoculated in triplicate at 5
points with 25 pl of each mold suspension using an
automatic pipette (Fisher Scientific). Inoculated plates
were incubated aerobically at 25°C and checked daily for
visible signs of mold growth.

2.4. Effect of MAP on Mold Growth in an Agar
System

To determine the effect of MAP on the growth of A. niger,
P. notatum, and P. expansum, PDA plates were prepared
and sterilized according to the manufacture’s specifica-
tions. Upon cooling, the pH of all plates were adjusted to
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Table 1. Antimicrobial effect of potassium sorbate (KS) on
mold growth in PDA at pH 5.0 & 25°C.

Days to visible mold growth

Level of KS

(Ppm) A. niger P. notatum P. expansum

0 1° 1° 2°

250 2 4 10°

500 2 NG NG

750 3.5° NG NG

1000 5 NG NG

1500 NG NG NG

1750 NG NG NG

2000 NG NG NG

NG: No growth (>40 d).

Table 2. Antimicrobial effect of potassium sorbate (KS) on
mold growth in PDA at pH 5.5 & 25°C.

Days to visible mold growth

Level of KS

(Ppm) A. niger P. notatum P. expansum

0 1f 1° 2

250 2 2 7’

500 2° 3¢ NG

750 3 4 NG

1000 4 4 NG

1500 5 NG NG

1750 6% NG NG

2000 6° NG NG

Table 3. Antimicrobial effect of potassium sorbate (KS) on
mold growth in PDA at pH 6.0 & 25°C.

Days to visible mold growth

Level of KS

Ppm A. niger P. notatum P. expansum
0 1° 1¢ 2°

250 1° 1¢ 5°

500 1° 1¢ NG

750 1° 1¢ NG

1000 2 2 NG

1500 28 3 NG

1750 28 4 NG

2000 22 4 NG
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7.0 by adding appropriate amounts of 1 N lactic acid or 1
N NaOH to the medium. Triplicate plates were then in-
oculated with each of the mold suspensions as de-
scribed previously. All plates were packaged in 210 x
210 mm high gas barrier Cryovac bags (oxygen trans-
mission rate 3 - 6 cm*/day at 4.4°C, 0% RH). One set of
packages was flushed with levels of CO, ranging from
60% to 80% (balance N,) using a Multivac chamber type,
heat seal packaging machine (Model KM100-3 M). The
proportion of gases was regulated by a Smith’s level gas
mixer (Tescom, Minneapolis, MN) to give the desired
proportion of gases in the package headspace. In the sec-
ond set of packages, the atmosphere was modified using
an Ageless 100 type FX oxygen absorbent (Mitsubishi
Gas Co., Tokyo, Japan). Absorbents (1 or 2) were taped
to the inside of each package prior to heat sealing with an
impulse heat sealer. All packages were incubated at 25°C
and checked daily for visible signs of mold growth.
Headspace gas was monitored in all packages using a
previously calibrated portable oxygen analyzer (Teledyne
Analytical Instrument, City of Industry, CA, USA).

2.5. Headspace Gas Analysis

Samples were analyzed for changes in headspace gas
when visible signs of mold growth were observed. Gas
samples were withdrawn using a 0.5 ml gas tight Pres-
sure-lok syringe (Precision Sampling Corp., Baton Rouge,
La.) through silicone seals attached to the package exte-
rior. The gas samples were injected into a Varian gas
chromatograph (Model 3400, Varian Canada Inc.) equi-
pped with a thermal conductivity detector (TCD) and
using Porapak Q (80 - 100 mesh) and Molecular Sieve
5A (80 - 100 mesh) columns in series (Supelco Canada
Ltd.). The carrier gas was helium set at a flow rate of 30
ml/min. The column oven was set at 80°C, the injector at
100°C and the detector filament at 150°C. Peaks were
recorded using a Hewlett Packard integrator (Model
3390A, Hewlett Packard Co., Avondale, PA).

2.6. Statistical Analysis

All data represent the mean of three replications per
treatment and evaluation. Analysis of variance (ANOVA),
followed by least significant difference (LSD) compare-
son test for means with significant level of P < 0.05 was
performed on the using SPSS (Windows 2003, Statistical
Analysis).

3. Results and Discussion

3.1. Antimicrobial Effect of Potassium Sorbate
(KS)

The effect of various concentrations of KS (0 - 2000 ppm)
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on the growth of A. niger, P. notatum, and P. expansum
on PDA at pH 5.0, 5.5, 6.0 and 7.0 at 25°C are shown in
Tables 1-4, respectively. At pH 5.0, mold growth was
observed in control samples after 1 - 2 d respectively
(Table 1). Potassium sorbate (250 ppm) inhibited mold
growth from 2 to 10 days, depending on mold species,
with A. niger being more resistant to KS than either P.
notatum and P. expansum. While the growth of the two
latter species was inhibited for up to 40 days by concen-
trations of KS as low as 500 ppm, at least twice this con-
centration (1250 - 1500 ppm) was required for the com-
plete inhibition of A. niger at pH 5.0. These results are in
agreement with the studies of [15] who also observed
that A. niger was more resistant to mold inhibitors than
other mold species.

Similar trends were observed for A. niger, P. notatum,
and P. expansum on PDA at pH 5.5 and 25°C, While
growth of both P. notatum and P. expansum occurred
after 2 - 5 days with low concentrations of KS (250 -
1000 ppm) at pH 5.5, growth of both molds was com-
pletely inhibited for >40 days using higher levels of KS
in the growth media (Table 2).

The response of mold growth on agar media contain-
ing 0 - 2000 ppm KS at pH 6.0 is shown in Table 3. At
concentrations of 250 - 1000 ppm KS, growth of A. niger
was visible after 1 day, i.e., similar to control samples.
However, when the concentration of potassium sorbate
was increased to 1000 - 2000 ppm, growth of A. niger
was only inhibited for 2 days at pH 6.0. Growth of P.
notatum occurred on PDA after 1d at pH 6.0 in the both
control samples and in plates containing 250 - 1000 ppm
KS. When the level of KS increased to 1500 - 2000 ppm,
growth was visible only after 3 - 4 days at pH 6.0. P.
expansum was more sensitive to all concentrations of KS
in the media. While growth was inhibited for 5 d at low
concentrations of KS, growth was completely inhibited
in plates containing >500 ppm for >40 days at pH 6.0.
These results confirmed the early observations of [16]
who reported that sorbate, in contrast to the other pre-
servatives acids, can be used for the preservation of food
with a relatively high pH value. However, the growth of
A. niger, P. notatum, and P. expansum on PDA at pH 7.0
was visible after 1 - 2 days on PDA at all concentrations
of KS under investigation (Table 4).

It is evident from all Tables 1-4 that the activity of
potassium sorbate increased as pH decreased. With the
exception of A. niger, mold growth was completely in-
hibited in an agar system containing >500 ppm KS at pH
5.0. However, three times this concentration of KS (1500
ppm) was required to completely inhibit the growth of A.
niger at this pH. Similar trends were observed at both pH
5.5 and 6.0 indicating that inhibition was due to the com-
bined effect of pH and sorbate concentrations. These
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Table 4. Antimicrobial effect of potassium sorbate (KS) on
mold growth in PDA at pH 7.0 & 25°C.

Days to visible mold growth

Level of KS

ppm A. niger P. notatum P. expansum
0 1? 12 22

250 1° 1° 28

500 1? 1? 22

750 1? 12 22

1000 1? 1? 28

1500 1? 1? 2°

1750 1? 1? 2°

2000 1° 1° 28

results agree with those observed by [17] who found that
potassium sorbate was more effective against the molds
at lower pH values (<6.5). Growth of P. expansum was
completely inhibited in agar at pH 5.0, 5.5 and 6.0 and at
concentrations of KS of 500 ppm, indicating that it was
the most sensitive mold to KS.

Statistical analysis of the data showed that pH had a
highly significant effect (P < 0.05) on the antimicrobial
activity of potassium sorbate. The results showed that the
antimicrobial activity of potassium sorbate at pH 5.0
against both A. niger and P. notatum was significantly
different compared to pH 5.5, 6.0, and 7.0. It is evident
that pH played a significant role on the activity of potas-
sium sorbate; however this effect is dependent on other
interrelated factors, such as levels of sorbate and species
of microorganism. This study agrees with the results of
[18,19] who reported that the initial number and type of
mold present in food will influence the ability of potas-
sium sorbate to prevent microbial growth and spoilage.
Consequently, potassium sorbate should not be used for
preservation when high mold counts are expected, since a
high level of mold contamination can metabolize potas-
sium sorbate thus reducing its fungistatic effect. This
may explain why some molds in this study grew in the
presence of high concentrations of potassium sorbate.
Therefore, it is critical to use potassium sorbate in goods
produced under proper manufacturing practices and with
the appropriate pH value.

The concentration of potassium sorbate also had a
highly significant effect (P < 0.05) on mold growth. A
comparison between concentrations showed that a level
of 1500 ppm potassium sorbate would be the most effect-
tive level to inhibit mold growth. It is evident from the
results obtained in this study that the minimal inhibitory
(MIC) concentration of potassium sorbate for inhibiting
mold growth varied with mold species and pH. The MIC
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in this study of potassium sorbate against test molds
ranged between 750 to 1500 ppm at pH 6.0 and 500 -
1500 ppm, at pH 5.0 and 5.5. The results indicated that
the MIC of potassium sorbate at pH 5.0 was slightly con-
trary to the observations of [20], who reported that the
minimum antimicrobial activity of sorbate was 800 ppm
at pH 5.0. However, [21] observed that the MIC of po-
tassium sorbate was in the range between 100 - 1000
ppm and was dependent on the pH of the substrate, types
and numbers of molds, as well as their environmental
factors.

3.2. Antimicrobial Effect of Calcium Propionate

The effect of various concentrations of CP on the growth
of A. niger, P. notatum, and P. expansum on PDA at
various pH levels are shown in Tables 5-8 respectively.
As shown in Table 5, low concentrations of CP were
unable to inhibit mold growth. At pH 5.0, growth of A.
niger was visible after 1day on PDA containing 250 -
750 ppm of CP i.e., similar to control plates. However,
the effectiveness of calcium propionate was proportional
to its concentration in the agar medium. At higher con-
centrations of CP (1000 - 2000 ppm) growth of A. niger
was delayed for 2 - 4 d respectively.

The response of P. notatum on PDA to various con-
centrations of CP at pH 5.0 was similar to that observed
for P .expansum. For Penicillium species, CP nearly dou-
bled the time for visible growth compared to A. niger. At
concentrations ranging from 1000 - 2000 ppm, growth of
P. notatum was inhibited for 4 - 10 days respectively.
Similar results were observed for P. expansum. However,
at higher concentrations of CP (1750 - 2000 ppm) growth
of this mold was inhibited for 11 - 13 days. These results
confirmed that higher concentrations of CP had a more
inhibitory effect on mold growth and that Penicillium
species were more sensitive to these higher concentra-
tions than Aspergillus species i.e., similar to previous
observations with potassium sorbate.

In all cases, growth of A. niger, P. notatum, and P. ex-
pansum occurred after 1 - 2 days respectively on PDA,
regardless of the levels of CP in the media. These results
confirm that both the inhibitory effect of CP and KS is
also pH dependent with the inhibitory effect being en-
hanced at lower pH values.

It is apparent that the activity of CP increased as pH
decreased. Growth of A. niger was visible after 4 days
even with high concentration of CP (2000 ppm) on PDA
at pH 5.0 (Table 5). However, growth occurred after
only 1 day at all CP concentrations at pH 5.5, 6.0 and 7.0,
respectively (Tables 6-8).

Complete inhibition of Pencillium species was ob-
served at pH 5.0 and at high concentrations of CP (2000
ppm). At pH 5.5, 6.0 and 7.0, similar levels of CP were
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Table 5. Antimicrobial effect of calcium propionate (CP) on
mold growth on PDA at pH 5.0 & 25°C.

Table 8: Antimicrobial effect of calcium propionate (CP) on
mold growth in PDA at pH 7.0 & 25°C.

Days to visible mold growth

Days to visible mold growth

Level of CP Level of CP

ppm A. niger P. notatum P. expansum ppm A. niger P. notatum P. expansum
0 1¢ 1¢ 2 0 1° 18 28

250 1¢ 19 2f 250 12 12 22

500 1¢ 2f 3 500 1° 18 22

750 1¢ 3 3 750 1° 18 28

1000 2 49 59 1000 1° 18 28

1500 3 8 8 1500 1° 18 28

1750 4 9° 11° 1750 18 18 2

2000 4 10° 13° 2000 18 18 2

Table 6. Antimicrobial effect of calcium propionate (CP) on
mold growth on PDA at pH 5.5 & 25°C.

Days to visible mold growth

Level of CP

ppm A. niger P. notatum P. expansum
0 1? 1? 28

250 1° 1° 28

500 1? 1? 22

750 1? 1? 28

1000 1? 1? 28

1500 1? 1? 2°

1750 1? 1? 2°

2000 1° 1° 28

Table 7. Antimicrobial effect of calcium propionate (CP) on
mold growth on PDA at pH 6.0 & 25°C.

Days to visible mold growth

Level of CP

Ppm A. niger P. notatum P. expansum
0 1? 1? 28

250 1? 1? 22

500 1? 1? 22

750 1? 1? 28

1000 1? 1? 2°

1500 1? 1? 2°

1750 1° 1° 28

2000 1° 1° 28
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unable to control mold growth. The results show that
molds may have the ability to develop resistance to CP,
particularly at higher pH levels. Similar results were ob-
served by [22] who reported that while calcium propion-
ate exhibited antimycotic activity, its use was limited to
lower pH food since no antimycotic activity was ob-
served in food with neutral or near neutral pH values.

Statistical analysis of the data showed that pH had sig-
nificant effect (P < 0.05) on the activity of CP. A com-
parison between the pH levels investigated showed that
pH 5.0 was the most effective pH for the antimicrobial
action of CP. This is again due to the greater amount of
undissociated CP at more acidic pH levels.

The concentration of CP also had significant effect (P
< 0.05) on mold growth. At pH 5.0, higher levels of CP
(1000 - 2000 ppm) had a more significant effect on mold
growth compared to lower levels at all pH values under
investigation. These results confirm the earlier finding of
[23] who observed that the minimum inhibitory concen-
tration of calcium propionate in PDA required to prevent
the growth of A. niger and P. notatum at pH 6.0 was
4000 ppm and 3000 ppm respectively. Acott and Labuza
[24] reported that, if foods were higher in pH, more cal-
cium propionate than the FDA allowance of 2000 ppm
would be necessary for preservation. Furthermore, these
results clearly indicate that, on a weight to weight basis,
KS is a far more effective antimycotic agent against the
molds tested in this study.

3.3. Effect of MAP on Mold Growth in Model
Agar System at pH 7.0 and 25°C

The effect of modified atmosphere packaging on the
growth of A. niger, P. notatum, and P. expansum in PDA
plates at pH 7.0 are shown in Tables 9-11. The percent-
age of O,, CO, and N in the package headspace was the
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Table 9. Effect of gas packaging on the growth A. niger at
pH 7.0 and 25°C.

“Headspace gas composition (%)

Levelsof  Days to visible

CO; (%) growth of A. niger co, 0, N,
Air 1 1.0 20.4 78.6
60 5 50 20 48
80 8 69.8 34 26.8

All values are the average of triplicates. “At onset of mold growth.

Table 10. Effect of gas packaging on the growth of P. no-
tatum growth at pH 7.0 & 25°C.

Days to visible  "Headspace gas composition (%)

Lcec\)/fl(so /oo)f growth of
P. notatum CO, 0, N,
Air 1 15 18.8 79.7
60 7 49.2 1.7 49.1
80 10 69.8 22 28

All values are the average of triplicates. “At onset of mold growth.

Table 11. Effect of gas packaging on the growth of P. ex-
pansum growth at pH 7.0 & 25°C.

Days to visible  “Headspace gas composition (%)

Levels of

€O, (%) p.g?iﬁﬁﬂfufm Co, 0, N,
Air 1 15 19.7 78.8
60 30 39 15 59.5
80 “NG 45 25 525

All values are the average of triplicates. “At onset of mold growth. NG =
No growth after (42 d).

headspace gas composition of the packages when growth
of A. niger, P. notatum, and P. expansum was visible.

Addition of CO, (approximately 60%) inhibited the
growth of A. niger, with growth appearing within 5 days
in all plates. This agrees with previous studies showing
growth of A. niger in agar plates packaged in 60% CO,
occurring within 5 days [25]. When plates were packaged
in higher CO, levels (approximately 80%) growth ap-
peared after 8 days at 25 C (Table 9).

Similar results were observed for both P. notatum and
P. expansum. Growth of P. notatum was observed after 7
days in PDA plates packaged in 60% CO,, while growth
was delayed for 10 days in plates packaged in approxi-
mately 80% CO, (Tables 10). However, growth of P.
expansum was delayed for ~30 days in plates packaged
in 60% CO,, while no growth appeared in plates pack-
aged in 80% CO, (Table 11). Several studies have re-
ported that a concentration of 60% CO, has been used to

Copyright © 2012 SciRes.

extend the mold free shelf life of bakery goods [15].
Therefore, the earlier appearance of mold growth in this
study maybe due to residual O, in the package headspace.
The level of residual O, in gas packaged products could
be due to a number of factors such as 1) oxygen perme-
ability of the packaging material; 2) ability of the product
to trap air; and 3) leakage of air through poor sealing
[26].

It is evident from the results obtained in this study that
mold growth was suppressed when the level of O, de-
creased and CO, increased in the package headspace.
These results are in agreement with the previous obser-
vations of [27] who reported that the time (days) to de-
tect visible mold growth increased as levels of CO, in-
creased. The results also indicated that gas packaging can
be used to extend the mold free shelf life of products.
However, aerobic spoilage i.e., mold growth can still
occur in these products, depending on the level of resid-
ual oxygen in the package headspace. It is clear that A.
niger can tolerate and grow in low levels of O, resulting
in mold spoilage. These results confirm the earlier find-
ings of [25] who observed that A. niger could grow in a
gas packaged bakery product containing 60% CO, and
low oxygen levels (<1% O,). [12,28,29] reported that
mould can grow in the presence of elevated CO; if the O,
concentration is sufficient [30] also reported that Xero-
myces bisporus, a xerophilic mold, which causes spoil-
age in food products with a low water activity, grew in
an atmosphere of 90% CO, and 10% O,. These authors
also reported growth of Aspergillus species in 80% CO,
and 2.5% O,. Possibly the only means to reduce head-
space oxygen in products to levels inhibitory to mold
growth is through the incorporation of oxygen absorbents
into the packaged products.

3.4. Effect of Oxygen Absorbents on Mold
Growth

Oxygen is often a major factor limiting the shelf life of
packaged food products. Such products are more suscep-
tible to chemical, mold and bacterial spoilage. For this
reason oxygen absorbents are used extensively in the
Japanese market to extend the chemical and microbial
shelf life of food products [25]. However, few studies
have examined the use of oxygen absorbents to control
spoilage of bakery goods. Removal of oxygen from the
atmosphere of a packaged product using oxygen scaven-
gers may be a viable method to inhibit mold spoilage
[25]. Furthermore, the combined use of oxygen absorbent
and CO, enriched atmosphere could be used effectively
to control mold growth of A. niger and Pencillium spe-
cies, which appear to be more resistant to elevated levels
of CO, alone. However, this combination means addi-
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tional costs to the processor. Therefore, preliminary stu-
dies were done to determine the effectiveness of oxygen
absorbents alone to control the growth of common mold
contaminant of baked goods.

The effect of oxygen absorbents on the growth of A.
niger, P. notatum, and P. expansum in PDA plates pack-
aged in high gas barrier film is shown in Tables 12-14
respectively. In control plates, growth of A. niger, P. no-
tatum, and P. expansum was evident after 1 - 2 days re-
spectively. While the growth of A. niger and P. notatum
was observed after 2 days in plates packaged with one
oxygen absorbent, the growth of P. expansum was com-
pletely inhibited for >40 days in plates packaged with
only one oxygen absorbent (Tables 12 and 13).

Addition of two oxygen absorbents inhibited the
growth of all molds for >40 days (Tables 12-14). This

Table 12. Effect of oxygen absorbent on the growth of A.
niger at pH 7.0 & 25°C.

“Headspace gas composition (%)

Number of  Days to visible
Sachets  growth of A. niger co, 0, N,
Air 1 1.0 204 78.6
1 2 0.98 1.26 97.7
2 “NG 0.1 0 99.9

All values are the average of triplicates. “At onset of mold growth. “"NG =
No growth (>40 d).

Table 13. Effect of oxygen absorbent on the growth of P.
notatum at pH 7.0 & 25°C.

Days to visible “Headspace gas composition (%)

Number of
sachets S0 co, 0, N,
Air 1 1.4 20.6 79
1 2 0.88 1.8 97.3
2 “NG 0.1 0 99.9

All values are the average of triplicates. "At onset of mold growth. “NG =
No growth (>40 d).

Table 14. Effect of oxygen absorbent on the growth of P.
expansum at pH 7.0 & 25°C.

Days to visible ~ “Headspace gas composition (%)

Number of
Sachets P%i\g;ﬂs%fm Co, 0, N,
Air 1 15 19.5 79
1 “NG 0.3 1.0 98.7
2 “NG 0.1 0 99.9

All values are the average of triplicates. "At onset of mold growth. “NG =
No growth (>40 d).
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can be attributed to the effect of lower levels of head-
space oxygen. Several studies have reported significant
extension in the chemical and microbiological shelf life
of intermediate and high moisture bakery products using
oxygen absorbent technology [31]. More recently [32]
reported that two oxygen absorbents delayed the growth
of Aspergillus species and Penicillium species for 30
days while growth was extensive within 4 days in plates
packaged with one only oxygen absorbent which is in
agreement with our observations.

Comparison between oxygen absorbent technology
and gas packaging showed that using oxygen absorbents
was a more effective method for controlling the mold
growth. These results confirmed the earlier observations
of [26] who reported that oxygen absorbents were three
times more effective than gas packaging for increasing
the mold free shelf life of crusty rolls. These results have
also demonstrated that the use of oxygen absorbents can
give longer inhibition of mold growth compared to CO,.
It can be concluded from this study that the use of oxy-
gen absorbents alone is a simple, effective method of
controlling mold growth and extending the mold free
shelf life of products.

4. Conclusion

In conclusion, these preservatives can be used effectively
to retard mold growth. Moreover, thier effectiveness can
be enhanced by increasing the presence of the undissoci-
ated form of the chemical preservatives which can be
achieved at low substrate pH. The use of gas packaging
is, without doubt, one of the most exciting interactive
packaging technologies available to the food industry.
This study shows that MAP comprised of 60% or 80%
CO; (balance N) can be used to inhibit mold growth.
However, oxygen absorbents, alone can also be used to
inhibit mold growth for >40 days. Furthermore, the effi-
ciency of oxygen absorbent to inhibit A. niger and P.
notatum can be achieved by using two absorbents in the
package. The use of oxygen absorbent technology offers
to the food industry a viable alternative to gas flushing
for shelf life of foods [29].
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