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ABSTRACT

Organic acids (formic, propionic, acetic, lactic, citric and fumaric acids) were
used in different concentrations (25%, 35%, 45%, 55%, 65%, 75% and 100%) al
different inglusion rates ((.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0%, 1.2%, 1.4% and 1.6%)
for all acids except acetic (0.05%., 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0%, 1.2% and
1.4%) and formic and propicnic acids (0.02%, 0.025%, 0.05%, 0.1%, 0.15%, 0.2%,
0.4% and 0.6%) to evaluate their antimould activity lo be used as grain preservatives.
Results showed that, propionic acid (100%) has the strongest effect as antimould at
(.02% inclusion rate followed by formic and acetic acids (100%) at inclusion rate
0.05% for both of them. Diluted acids has effective antimould activity but in higher
inclusion rates. Citric acid, lactic acid and fumaric acid did not have any antifungal
effect up to 1.6% inclusion rate but they showed an enhancement effect on the funga!
growth.

Keywords: Organic acids, antimould activity, propionic, acetic, formic, citric, lactic,
fumanic, preservatives, corn,

INTRODUCTION

Corn grain is often harvested at a moisture content which may

enhance the growth, colonization and mycotoxins production by a range of
fungi. If drying to safe moisture content {14-15%) is delayed or inefficient,
fungi can rapidly colonize the grain causing harmful effects which vary
depending on relative humidity and storage temperature. So, preservatives
are used in treating such grains for controlling both spoilage and mycotoxins
producing fungi during storage {Marine et al, 2002}
) Chemical preservatives have been defined by Food and Drug
Administration as “any chemical that when added to food lends to prevent or
retard deterioration”. There are approximately 30 different compounds which
can legally be used as antimicrobials in food/feed products (Fulton, 1980).
The mechanism of action of preservative is usually based on either: 1}
destruction of cell wall or cell membrane, 2) inhibition of various enzymes in
the microbial cell or 3) destruction of the genetic structure of the protoplasm
(Robert et af., 1995).

Selection of the proper preservative is dependant upon several
factors' a) Antimicrobial spectrum. b) Antimicrobial activity. C) Chemical and
physical properties. D) Relative toxicity. E) Resistance development. F)
Organoieptic properties. G) Economical consideration and 1) A suitable
procedure for analysis (Robert et af., 1395).

Organic acids are one of the most important preservatives which are
permitted in many countries and can be divided into two groups: One group
shows an antimicrobial activity by reducing the pH and includes: acetic acid,
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citric acid, formic acid and lactic acid. Several reports have shown that, also
the undissociated form of acelic acid has antimicrobial action (Gulam et al,
1987, Robert el al, 1995). Also fumaric acid has an antimicrobial effect by
reducing the pH of the substrate (Voget et al, 1981). The other group of
organic acid preservatives, including propionic acid, show an antimicrobial
activity only when they are present as undissocialed acids. However, the
dissociated form of these acids may have an antimicrobial effect (Skirdel and
Eklund, 1993).

The use of sub-optimal levels of organic acids results in a significant
enhancement of the fungal count and mycotoxins production as the mycofiora
of the treated substrate ulilize these acids as nutritive substances (Marine et
al, 2002).

The objectives of the present work were o investigate the
effectiveness of acetic, citric, formic, fumaric, lactic and propionic acids as
preservatives and to determine their effective concentrations as antifungal
substances.

MATERIALS AND METHODS

Preparation of different concentrations of examined organic acids:
Different concentrations of the examined organic acids were
prepared using auloclaved distilled water as a diluvent in case of formic,
propionic, acetic and lactic acids and autoclaved finely grounded com as a
diluent in case of citric and fumaric acids. The prepared concentrations were
25%, 35%, 45%, 55%, 65%, 75% and 100%.
Determination and adjustment of the moisture content of corn before
inocylation:
Moisture content of corn sample was estimated according to (AQAC,
1998) then the moisture content was adjusted to be 18% according to the
following equation:

Required moisture content - Initial moisture content
s= X 100
100 - Required moisture content

Where S = the volume of water required for 100 gm of sample to reach the
required level of moisture content.

Experimental design:

One kg of corn 1B% moisture content was used for each
concentration. This amount was equally divided into ten sterile Erlenmeyer
flasks, each flask contained 100 gm of corn. The prepared previously
mentioned concenirations of organic acids included in this study were added
to the corn subsamples with different inclusion rates (0.1%, 0.2%, 0.4%,
0.6%, 0.8%, 1.0%. 1.2%, 1.4% and 1.6%) for all acids except acetic {0.05%,
0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0%, 1.2% and 1.4%) and formic and
propionic acids (0.02%, 0.025%, 0.05%, 0.1%, 0.15%, 0.2%, 0.4% and
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0.6%). One Nask was left without inoculation as control. Ten grams were
withdrawn from each flask just afier inoculation with the acids (zero time).
after 7 days and neht after 14 days to estimate the changes in the fungal
content. The Tolal Fungal Count was performed as follows: Ten grams of
each sample were added to a 80 ml sterile saline solution in 500 ml
Erlenmeyer flasks and homogenized thoroughly on an electric shaker at a
constant speed. Tenfcld serial dilutions were then prepared. One ml portion
of three suitable dilutions of the resulting sampie suspension were used 10
inoculate Petn dishes each containing 15 ml Sabaroud Dextrose Agar
containing 0.5 mg Chloramphenicoifmi medium to inhibit bacteriai growth.
Plates were then incubated for 7 days at 28°C and the grown fungal colonies
were counted (Aziz el af, 1998).

Criteria of acceptance:

The crileria of evaluation of antifungal activity are estimated
according to European pharmacopoeia (2001) in terms of the teg reduction in
the number of viable microorganisms against the value oblained for the
fungal count at zero time.

RESULTS AND DISZUSSION

This work has shown the interaction between fungal colenization and
preservatives in the stored grains ecosystem.

it is clear from all tables that, the total fungal count increased 1 log
during the whole period of the experiment in the control group which received
no treatments. This result is supported by the findings of Philip et af, 1983
and Marine el a! 2002 who stated that in the absence of preservatives,
fungal growth is fast and obvious.

Table (1) shows the fungal behavior in comn treated with different
concentrations of acetic acid included in various rates. It is clear that, at the
concentrations 25%, 35%, 45%, 55%, and 65% the effective inclusion rate
was 0.2% which was indicated by reduction of the log number by 1 after two
weeks. At 75% the effective rate was 0.1% and at 100%, the effective rate
was 0.05%. This result is similar to that of Gulam et &/ 1987 who found an
obvious antimould activity of acetic acid when used against different types of
furigi which was indicated by the reduction of total fungal count.

Data in Table (2) shows the effect of citric acid on fungal content of
corn with 18% moisture content. [t is clear that there was no inhibitory effect
of any of the used concentrations at any inclusion rate on the fungal count. All
of the used concentrations had an enhancement effect on the fungi which
was indicaled by the increase of the log number by 1 or 2. Conkova et al,
1993 also proved that up to 5% of citric acid had no antifungal effect on
microscopic fungi.
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Table {1): Antifungal activity of different concentrations of Acetic acid at
different inclusion rates at 18% moisture content:

Inclusion rate non
) Duration / Day 75% | 35% | 45% | 55% | 65% | 75% | 100%
10 {Before inoculation) Q 10° 10° 10° 16" 10° 10*
0 Q 19° 13 107 107 107 107
13 [N 10° 10 107 107 107 10°
0 (Belore inaculation} 107 10 10 107 107 107 107
0.05 0 18° 10° [ 0’ 16 10
14 107 10 10 10° 10° 10° 107
10 {Before inoculation) 10 ig 10 107 10° 107 107
0.1 il iTN [i] [\ 107 10 107 10"
14 307 o’ [N 10 107 102 102
0 (Before inoculatien} [N [N [N 107 107 107 167
.2 o [N 107 10° 107 107 107
i v o 0 0 0 o 10°
C (Before inoculation} 107 [N 107 10° 10° 107 B’
o4 T(‘ o 107 107 0 10° 107 [N
o7 [ 1E [0y 9 W i 1
LJ 0 {Before inoculation) [N 1 107 107 107 1g” 10°
5 0° 0’ 10 10° 30 10° 107
14 0 [/ 10% 107 107 iG" 10
0 {Before inoculabion) [ ('} [ohd 107 107 107 107
o8 07 [N [ 167 107 i’ it
14 10 10 ['H 0 10 10 ig
0 (Before inoculation) 137 107 0 [N 10 10 107
1.0 107 107 107 [ o 102 [}
14 i0* 10° 'S 15 [ 0 1]
0 {Before inoculatian} 107 107 107 10° 107 107 [N
12 10° 10° R0 10" i 10° 0
14 0 10 10 10 10 10 10
b [Before inocufabion} [ 107 iQ° 10° 107 [N 19°
1.4 i ['M 10° 10° 0T 107 107 107
14 ['§ 10° 107 10° 10° 10° 1B

Table (2): Antifungal activity of different concentrations of Citric acid at
different inclusion rates in corn of 18% moisture content:

Inciusion rate nét
%) Duratian / Day % 5% | 8% | 5% | 6% [ 75 ] 10
¢ {Before inoculation) 10 10 i0 10 10 10 10
0 0° i 10" [N )] 70° 107
14 0’ 107 107 0’ [N 10 107
0 [Befcre inoculation) 0* 107 10° [ [ 10 10
0.1 7 0* 107 10° 10 [ 10 [N
14 0° 10° 107 10 10 10° [}
W0 {Before inoculation} 10 10 10 [& 10 10 [
0.2 107 10° 10° [/ il 10 _ [’
14 10" 10" 19° ' [N 10° 10
6 (Bafore inoculation} 10° 10 B ['§ 0 10° 10°
0.4 10* 10" ['H 107 107 107 157
14 107 10 [ohd 107 0’ 107 107
0 (Before inoculaticn) 10° 102 10 107 0° 10 10°
0.6 10 107 [i] 107 0° 10 e
14 [N 10”7 0’ 10 147 0 10’
0 {Before inaculation) 10 10° [N 107 10° 107 16
0.8 7 10° 10 10 107 10° 107 10
T4 10 10" [N 10" 107 10 [
C [Before inoculation) 10° 10° [T 10 70 10" 10
1.0 7 107 10" 0° 107 10 10 19"
14 107 107 LN 10 10° 107 167
0 (Before inocuiabion) 10 10 10° 10° 10° 10 0°
12 107 [ 10° 10" 167 10 107
14 10° 107 10" 0’ 107 10° LR
D{Before inoculation) 10 10 10 0° 10 107 10
14 T‘— RS 4’ 3T 14 W 10
14 10 (LN [N 107 107 S
0 (Before inoculation) 10 107 1a: 10° 10 107 10
18 7 10 T 10° [N [ 107 W0
14 10° 10° 10 0 10" 107 107
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Table (3) shows the antifungal effect of formic acid. The effective
inclusion rate was 0.6% for concentrations 25%, 35% and 45% and was
0.15% at 55%. At 65% and 75%, lhe effeclive inclusion rate was 0.1% and at
100% it was 0.05%. Schultz and Muller 1999 found that formic acid was
effective as antimould when used in a higher inclusion rates (1-2%) than that
used in this study. This result may be due to differences in moisture content.
higher dilutions of the acid or due to bad mixing at the beginning of the
experiment. Many researchers reported the effectiveness of formic acid as
antimould agent like Holemberg et al 1989, Ramos and Hernandez, 1993,
Tzatzarakis, 2000.

Table {3): Antifungal activity of different concentraticns of Formic acid
at different inclusion rates at 18% moisture content:

In¢lusion rate : Tt fo rewor

(%) Duration / Day 55% | 35% | 45% | 55% Fss% T5% %100%
(Belore inocuiation] 100 | 10 i | 1 10 10 10

7 TG’ g 10 197 7 147 [ ]

14 10° 10° 10° 10° 107 [ 107

0 (Before ingculation} 107 107 10 [1] 107 [i 10

a2 10° 19° 10 [ 107 0* 10
14 10° 10" 10 [ 10" 0 10

[0 (Befors tnocuiation) 10 10 10 10 10° 10 10

25 7 10 107 10 10 107 10 10
14 19 10° ] 14 10° 10 10

0 {Before inoculation) 10° 10 [+] 10 10° 10 10

0.05 10° 10 0 10 10° 10 -

14 107 10 10 10 10° 10 -

K {Beforg inoculation} 10° 10 0* 10° 307 10 10

0.1 10° 10 0° 10 10 - -

14 10° i0 0* 10° 10 - -

I0 (Before inccuiation) 10 10 10 10 10 1Q i0

01§ I 10 0° - 10 - -

14 107 10 [ - 10 - -

B (Before ingculation) [N 10 (S 10 10° 107 10

0.2 [1] 19 107 - 10 10 -

14 [ 10 [ - - 10 -

0 (Before inoculation) 10 10 14 tG 10 18" 10

0.4 10 10 10 - 10 10 -

14 10 10 10 - - 10 -

IO {Before inoculation} 10 10 10 10 i 107 10

0.6 - - B - 10 10 -

14 . - - - - -

Data in Table (4) indicated that the addition of fumaric acid at any of
the used concentrations and inclusion rates had no antifungal effect. Also, the
obtained data showed that, the use of suboptimal doses of this acid caused
an mncrease of the total fungal count by 110 2 logs. Lactic acid also had the
same effect when it was used in the previously menticned concentrations and
inclusion rates (Table 5). El Gazzar ef al. 1987 found that up to 2% of lactic
acid used as antifungal agent. The increase of fungal count which was the
result of addition of suboptimal concentration 0f organic acids was supported
by data obtained by Marine ef al. 2002 who concluded that lower doses of
preservatives ennances fungal growth during storage Schultz and Muller
1999 reported the failure of lactic acid to act as feed preservative or
antifungal agent when used in various concentrations. This result also is
supported by Higgins and Brinkhause, 2000 who found that this acid had no
effect up to 1%.
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Table (4): Antlfungal activity of different concentrations of Fumaric acid
at different inclusion rates at 18% moisture content:

noitulid fo rewoP

Inclusion .
Duration / Day
rate (%) 25% | 35% | 45% | 55% | 65% | 75% [100%
0 (Before inoculation) w1 {1l wl1wl1wli
0 102 | 102 | 102 | 102 | 102 | 102 | 102
14 103 | 103 | 103 | 103 [ 103 | 102 | 103
0 (Before inoculation) 107 107 | 0f [ 10t [ 107 ] 10° | 10
0.1 7 107 (107 | 10° | 107 | 107 | 107 | 10°
14 100 1w w0 w10 10° | 10°
0 (Before inoculation) 10° [ 10 | 109 [ 10° | 10 | 10° [ 10
0.2 7 107 | 107 | 107 | 107 [ 107 | 10° | 10°
14 10° | 10° | 10° | 10° [ 107 | 10° | 10° |
0 (Before inoculation) 10° | 109 | 107 | 107 [ 10° | 107 | 10
0.4 7 T A T BT BT TV T
14 100 | 107 [ 10° [10° [ 107 | 107 | 0°
0 (Befors inoculation) 10° | 10° | 10° | 10° | 107 | 107 | 107
0.6 10° [ 107 [ 107 | 10° | 167 | 10° | 10°
14 10° | 10° | 10° | 10° | 10° | 107 | 10
0 (Before inaculation) 10 | 107 | W08 1407 | 367 | 10 | 167 ]
L).B 7 10° [ 107 107 | 107 | 107 | 10° | 10°
14 10° [ 105 10° [ 107 [ 107 | 107 | 10°
{Before inoculation) 107 | 10° | 10° [ 10° | 10° | 10° | 10°
1.0 7 10° [ 107 | 107 [ 10° | 107 | 107 | 10°
B 14 107 [ 107 | w0 Tt 10T | w0t ] 107
(Before inoculation) 10° | 40° | 10° [ 10° | 107 | 10° | 10°
1.2 10° | 107 ] 107 | 10° | 10° | 107 | 107
14 10° | 107 [ 10° [ 10° | 107 | 10° [ 10°
0 (Before inaculation) 10° | 1¢° [ 10 | 10° | 10° [ 10 | 10°
1.4 7 10" | 197 [ 10f wl 107 1 107 [ 10
14 10° [ 16° [ 107 | 10° | 107 ] 107 | 107
0 (Before inoculation) 10° 0 10° [10° [ 10° | 10 | 10 | 10°
1.6 p 10° | 107 167 [ 167 | 10 | 107 | 107
107 | 17 [ 107 [ 10° | 107 [ 107 | 10°

‘14
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Table (5): Antifungal activity of different concentrations of Lactic acid at
different inclusion rates at 18% moisture content:

Inclusion . noitutid fo rewoP
rate (%) | DUralion/DaY oy TR, [45% [55% [ 65% | 75% [100%
0 (Before inoculation)| 10 | 10% | 10° [ 107 [ 16 [ 107 | 107
0 7 10 ] 107 [ 107 | 107 [ 107 | 107 | 10°
14 10° [10° [ 107 [ 10° [ 107 [ 10° | 10°
0 (Before incculation)] 10% [ 10° [ 107 [ 10 [ 10° [ 10° [ 10
0.1 7 107 [ 107 [ 107 | 107 [ 107 | 10° | 10°
14 10° [ 10° [ 10" [ 10 [ 107 ] 10° [ 10°
0 (Before inoculation)[ 107 | 10 [ 107 [ 10° [ 10 [ 16° | 10
0.2 7 107 [ 107 [ 10° [ 107 | 109] 10° [ 10°
14 10 [10° [ 10° [ 10° [ 107] 10° | 10°
0 (Before inoculation)] 10 [ 10 [ 10° | 10 [ 107 [ 107 [ 107
0.4 7 10% [ 107 [ 16° | 107 | 10% [ 10° [ 10" |
14 10° [ 10° [10° [ 10° [ 10° ] 10° [ 10°
0 (Before inoculation)| 10% [ 10 | 10° [ 16 | 107 | 10° [ 10°
0.6 7 10¢ [ 10° | 10° | 10 | 107 | 10° | 10°
14 10° [ 10° [ 10° [ 107 | 10° 1 10° | 10°
0 (Before inoculation)| 10¢ | 10° [ 1¢6° | 10 | 107 [ 10 | 1G
0.8 7 107 [ 107 | 10° | 107 [ 10 [ 107 | 10°
14 165 10° [ 10° | 10° | 10° [ 10° | 10°
(Before inoculation)| 10¢ [ 10° [ 10° | 10 [ 167 [ 16° | 10
1.0 7 1047107 | 107 [ 107 [ 109} 10° | 10°
14 10° [ 107 | 10° [ 107 [ 10° ] 10° | 10°
0 (Before inoculation)[ 10° [ 10 [ 10 | 10 | 107 [ 10° [ 10°
12 7 107 | 107 [ 107 [ 107 | 107 | 107 | 107
14 10° [ 16° | 107 [ 107 [ 10° [ 10° [ 10°
O (Before inoculationy| 107 [ 10 [ 16° [ 10 [ 10 [ 10 [ 10°
1.4 7 107 T10° [ 10° [ 107 [ 107 | 10° [ 107
14 1051107 [10° [ 107 [ 10° [ 10° | 10°
0 (Before inocuiation)| 167 [ 10 | 10 | 10 [ 167 [ 10 | 10°
16 7 107 | 10° [ 10° | 107 | 107 | 10° | 10°
4 100 [10° [ 107 [ 107 [10° ] 10° | 10°

Table (8) shows the antimould effect of propionic acid. It is clear from
the obtained data that the effective inclusion rates were: 0.1% at 25%, 35%
and 45%, 0.05% at 55% acid concentration, 0.025% at 55% and 75% and
0.02% at 100% acid concentration. These data agree with that obtained by
Gulam et al, 1987 who reportied that propionic acid is the most effective
antifungal presensative for corn. The effective dose which is reached in this
study (0.02%) agread with that obtained by Philip et al. 1983.
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Table (6): Antifungal activity of different concentrations of Propionic
acid at different inclusion rates at 12% moisture content:

Inclusion noitulid fo rewoP
rate (%) Duration /Day  "5esT35% [ 46% | 55% | 65% | 75% | 100%
[0 (Befare inoculation) 10° 10;’ 1_0_‘; 10"; wj 10§ 1?; |
107 ] 169 10 | 10° | 16 | 107 | 1
P 34 133 10° | 107 110° | 10° | 10° | 10°
0 (Before inoculation) 10° 102 10—:— 10:‘ 10: 10; mj
0.02 7 107 ] 10° | 107 | 10° | 10 | 107 | 10
14 107 | 107 [ 107 | 107 | 10° | 107 | 10
{Before inoculation) 10: 10: 107 [ 107 ] 10° [ 107 | 107
0.25 7 A EGE R RGN
14 107 10w 10°] 10 [ 10 10
0 (Before inoculation) 107 ] 107 | 107 | 10° 10:r 10° 10:
0.05 7 10 | 10° [ 107] 10° [ 10 | 10° | 10
14 10°110° 107 10 [ 10 [ 10 | 10 |
I O (Before inaculation) 10° 102’ 10° | 10° m: 107 | 10°
1 7 10° 1 10° [ 108 [ 10 10° [ 10° | 10
14 w|[10] 0] 10]10]10] 10
0 (Before ingculation) 10° ] 10° | 105 [ 10° [ 107 | 10° [ 0°
0.15 7 109 10 Tf 1108 408 | 169 1 10
14 10 ][]0 ]10[10] 10
0 (Before inoculation) 10° [ 107 | 1071 10° [ 10° | 102 [ 10°
0.2 7 10 |10 165 10° | 0] 10 | 10
i Wl WwlW]10] 10] -
0 (Before inoculation) | 10° | 10° | 10° | 107 | 10° [ 102 [ 10°
0.4 7 10° ] 10° ] 16 [ 10° | 10 | 10 -
14 w10 ]w[10]1w]10] -
%@efore inoculation) 10° ] 16° | 10° | 107 | 10° | 10° | 10
0.6 1] i0° ] 10} 106°| 10 | 10 -
14 Wlw]1wo[10] 0] - -

Data in Table (7} summarize the results obtained allover the time of
the experiment. It is clear that all the inclusion rates of the different
concentrations of the citric, fumaric and lactic acids had ne antimould effect
while propionic acid had the strongest antimoutd effect. At concentrations
25%, 35% and 35%, acetic acid has stronger antimould activity than formic
acid while at concentrations 35%, 65% and 75% formic acid was more
effective. At 100% concentration {pure acids} both acids had the same
antimould effect.

Table (7} Percentage of effective doses of organic acids as antifungal
compounds at 18% maisture contents:

C""Ggg{ég“"s 25% | 35% | 45% | 55% | 65% | 75% | 100%
Acefic 02 | 02 07 | 0Z | 02 | 07 | 005 ]
Citric >1.0 16 | >1.6 >T6 >1.b =16 [">16
Formic 0.6 08 0.6 0.15 0.1 01 ,
Fumaric 18 | >16 | =18 | =T =16 [ =16 | =16 |
Lactic >1.6 16  >18 | »16 | 16 | 516 | >1.6 |

>
Propioric 01 1 01 1 01 | 005 0025 0.025] 0.2 |
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Acetlic acid, formic acid and propionic acid caused fixation of the total
fungal count when added at tower concentrations and inclusion rates than the
inhibitory doses while citic acid, fumaric acid and lactic acid caused
enhancement of the fungal growth when used at lower levels (Tables 1-6).
Tzatzarakis et al. (2000) reported the advantage of formic acid on acetic acid
as leed preservative. Culam ef al {1987) observed that propionic acid had a
stronger antimould effect than acetic acid while Holemberg e! al. (1989)
obseryed that the same acid (propicnic) had stronger effect than formic acid.
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