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ABSTRACT

Ozone is generally used for preservation and disinfection in many different areas, especially in
the food, chemical industry, and health sector due to decompose into oxygen and leave no resi-
due. In this study, the impacts of ozone application on the microbiological of commercially pro-
duced broiler feeds were investigated. For this purpose, Aspergillus niger NRRL 326 was
introduced into the starter, grower, and finisher diets. Then the effects of gaseous ozone appli-
cation at different doses (0.9 and 5.6g h™') and durations (15 and 30 min) were investigated. A.
niger and total mould-yeast numbers were decreased in the feed samples as a result of the
ozone application and statistically, a significant difference was found (p <.05). In this study,
ozone dose, duration, and their interactions were found to be effective on the decrease of
mould-yeast counts in all treated broiler feeds. However, the effect of ozone was higher on pel-
leted form feeds (grower and finisher). It might be concluded that the disinfection properties of
ozone can change according to the physical and chemical structure of feed material and the
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surface area which contact with ozone.

HIGHLIGHTS

e Ozone application can result in a moderate reduction in A. niger and total mould-

yeast counts

e The most reduction on microbial load was observed in the feed applicated with 569 h™'

gaseous ozone for 30 min.

e Ozone treatment might be useful to preserve and extend the shelf-life of broiler feeds
e Ozone efficiency also depends on the contact surface of the application area apart from the

treatment time and dose.

Introduction

In the last decades, the growing concerns of consum-
ers about safe, healthy, and high-quality food have led
producers to produce higher quality food products of
animal origin for consumers. Management conditions,
meeting nutrient requirements of animals, and feed
quality are important to obtain healthy and high-qual-
ity products from farm animals. One of the factors
affecting food and feed quality is feed hygiene. The
topic is covered by Regulation (EC) No 183/2005 of
the European Parliament and of the Council of 12
January 2005 laying down requirements for feed
hygiene. Feed hygiene is defined as ‘the measures and
conditions necessary to control hazards and to ensure
fitness for animal consumption of a feed' in the
Regulation (European Commission, 2005).

Feed hygiene is threatened by fungal activity which
is the main source of mycotoxin contamination. Food
and Agriculture Organisation (FAO) acknowledged that
contamination of food-crop with mycotoxin was antici-
pated as 25% before 1985. However, a recent review
stated that this value is greatly underestimated, the
actual value can be as high as 60-80% (Eskola et al.
2020). Fungal toxins are secondary metabolites pro-
duced by some fungi including Aspergillus, Fusarium,
and Penicillium. Fungal contamination may occur at
any step of food and feed chains (Kovalsky et al.
2016). Various physical, chemical, and biological meth-
ods are used to protect feed against microbial activ-
ities and mycotoxin contamination (Ricke et al. 2019;
Conte et al. 2020).

Ozone, which is naturally present in the strato-
sphere, is formed by the UV rays of the sun (Ding et
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al. 2019). It is a colourless gas at room temperature
with a characteristic odour and containing three oxy-
gen atoms in its structure (Pandiselvam et al. 2019).
Ozone is one of the most effective antimicrobial and
deodorising agents known. Ozone can be applied in
gas and liquid form. Advantages of ozone over other
disinfectants are its rapid disintegration into oxygen
after application and leaving no residues. Due to its
high oxidation power, it is used in many different
fields, such as storing fruit, vegetables; preventing
microbial activities and pests; extending the shelf life
of foods; in the treatment of industrial wastes, grains,
and feeds; disinfection of drinking water; air sterilisa-
tion of chicken meat, and slaughterhouse equipment
(Remondino and Valdenassi 2018; Ding et al. 2019).

This study is planned to reveal the impacts of
ozone application in feed production so the facilities
may integrate this treatment into their process flow to
maintain feed hygiene. With the help of ozone appli-
cation, possible risks and losses during production
might be prevented. This study aimed to investigate
the effects of ozone application on microbiology and
the fatty acid profile of broiler feeds.

Materials and methods

Broiler feeds based on corn, and soybean meals were
purchased from a commercial company and used as
research material. These diets were prepared to meet
the nutrient requirements of broiler chickens in three
different growth periods (such as starter, grower, and
finisher). The starter diet was in mash form which is
suitable for chicks’ consumption. However, grower and
finisher diets were used in pellet form which was com-
monly used in the broiler sector. Two different doses
(09 and 5.6g h™') and two different periods (15 and
30min) of ozone were applied to the feeds at room
temperature (22 °C; 46% Relative Humidity).

Nutrition analysis

The physicochemical analyses, including dry matter
(%), crude protein (%), ash (%), ether extract (%), and
crude fibre (%) were performed according to the
AOAC Methods (AOAC 1990).

Preparation of mould suspension

The mould (Aspergillus niger NRRL 326) strain used in
the study was cultured in ichloran-rose bengal chlor-
amphenicol (DRBC) medium and allowed to incubate
at 30°C for 7days. At the end of the incubation,
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10mL of 0.01% (v/v) Tween 80 (Merck, Germany) ster-
ile serum was added to the cultures and mixed for
1min. After mixing, mould suspension was poured
into two spray bottles containing 240mL of sterile
serum to obtain inoculation suspensions.

Spraying process

A spraying process was applied to ensure the homo-
genous and reproducible mould contamination on the
feeds. Before ozone application, the samples were
contaminated with Aspergillus niger NRRL 326. The
contamination process was performed according to
the modified method of Guner (2014).

Ozone application

The mould-contaminated feed was treated with two
different doses (0.9 and 5.6g h™') which are the low-
est and highest doses of the ozone generator used in
this study, and two different periods (15 and 30 min)
of ozone at room temperature. The application was
made by PCS Ozonmatic device (Maltepe, Istanbul).

Microbial analysis

DRBC (Merck 1.00466) agar was used for counting
total yeast and mould before and after ozone treat-
ment. Cultured agars were incubated at 25°C for
5days and then the count of moulds and yeasts per
gram of samples were calculated at the end of the
incubation period (Tournas et al. 2017). Mould-yeast
analysis of starting feed materials (as starter, grower,
finisher) before mould contamination were found 4.08,
4,08, and 3.77 log cfu g ', respectively.

Fatty acid analysis

Fatty acid profile was evaluated to determine the
effect of ozone exposure on fat components of feed
samples. Lipid extraction from the feed was carried
out by hexane extraction under the operating condi-
tions specified in Paquot (2013) IUPAC methods no.
1.121. The total fat content of the samples is
expressed as a percentage by the mass of
the product.

Fatty acid methyl esters are formed by trans-esteri-
fication with methanolic potassium hydroxide (ISO-
5509:2000). The fatty acid methyl ester was injected in
gas chromatography [with a capillary column, TR-
CN100 (0.25mm x 100m x 0.2mm)] and analysed by
gas chromatography (Shimadzu 2010, Japan) equipped
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with a flame-ionisation detector. The carrier gas was
helium, with a flow rate of 0.5mL/min. The tempera-
tures of the injector and the detector were held at
250 and 280 °C, respectively. The initial oven tempera-
ture of 120°C was maintained for 10 min, raised to
240°C at a rate of 5°C/min. The injection volume was
1uL. The peaks were identified by comparing the
retention times and area percentages with those of
authentic standards of FAMEs obtained from Nu-Chek-
Prep Inc. (Paquot 2013).

Statistical analysis

The study was planned by following the 2 x 2 factorial
design with two periods of time (15 and 30 min) and
two levels of ozone application dose (0.9g h™'; 5649
h™") with three replicates for each treatment. The
obtained data were analysed according to Duncan
Multiple Comparison Test if the F test was significant
(SPSS 2018). In addition, paired t-test was used to
compare the results before and after ozone applica-
tion. The applied mathematical model was as follows
(Equation (1)):

Yik = n+A; + B + (AB); + eji) )

Yji: observation applying the ith application time with
jth ozone dose

u: overall average

Ay effect of ith ozone application time

B;: effect of jth ozone application dose

(AB);: interaction effect of ith application time x jth
ozone dose

eji: error associated with each observation

Results and discussion
Wendee analysis results of feeds

Nutrient compositions of broiler starter, grower, and
finisher diets were given in Table 1. The data were
obtained before and after the ozone application pro-
cess. While protein contents of starter diets were
higher, ether extract levels were found lower, as
expected. This is because the energy requirements of
broilers are higher during the grower and finisher peri-
ods (Leeson and Summers 2005).

Fatty acid profiles of ozone-treated feed samples

For quality assessment, fatty acid oxidation was eval-
uated. Lipid oxidation may occur when ozone oxidises

Table 1. Nutrient composition of feeds (starter, grower,
and finisher).

Nutrient Dose, Time,

composition gh™' min DM, % Ash,% CP,% EE, % CF%
So* - - 89.03 5.60 2198 599 283
S1 0.90 15 85.76 5.46 21.51 5.51 248
S2 0.90 30 85.43 5.34 2126 546 247
S3 5.60 15 87.59 5.60 2133 558 297
S4 5.60 30 87.07 5.56 2158 472 242
GO* - - 88.93 5.11 2082 726 269
G1 0.90 15 85.00 4.79 2013 7.06 277
G2 0.90 30 84.74 5.28 1993 728 3.01
G3 5.60 15 86.20 4.80 2016  6.87 252
G4 5.60 30 86.02 4.78 2013 7.1 293
FO* - - 88.06 425 18.99 881 3.08
F1 0.90 15 85.73 4.16 1911 844 259
F2 0.90 30 85.35 4.05 19.17 858 339
F3 5.60 15 86.03 4.02 1912 819 293
F4 5.60 30 84.91 3.91 1922 879 237

DM: Dry Matter; CP: Crude Protein; EE: Ether extract; CF: Crude Fibre; S:
Starter diet; G: Grower diet; F: Finisher diet.
*A. niger contamination (-); ozone application (-).

Table 2. Fatty acid profiles of starter feed for broilers.

Starter period feed

Fatty acids So* S1 S2 S3 S4
C8:0 1.12 0.98 - 135 1.93
C14:0 1.55 - 5.08 1.55 -
C16:0 37.15 3491 38.69 39.23 42.24
C18:0 14.96 15.91 16.73 18.70 22.89
C18:1n9 36.81 36.17 28.79 30.24 27.58
C18:2n6 4.84 7.35 5.50 3.55 2.70
C18:3n6 133 - 521 270 2.65
C20:0 1.01 1.12 - 1.20 -
C22:0 - 0.84 - - -
€22:6n3 - 0.77 - - -
C24:1 1.24 1.97 - 1.49 -
Total SFA 55.79 53.76 60.5 62.03 67.06
Total MUFA 38.05 3891 28.79 31.73 27.58
Total PUFA 6.17 7.35 10.71 6.25 535

*S0: Starter feed without A. niger contamination () and ozone applica-
tion (-).

the unsaturated lipids of the feed samples. The fatty
acid profiles of the starter feed are shown in Table 2.
As the ozone application dose increased, a decrease
was observed in unsaturated fatty acids with high car-
bon numbers, indicating that lipid was affected by
ozone under the experimental conditions.

Table 3 shows the fatty acid profiles of the grower
feed. Numerically a reduction was observed in
C18:2n6¢ fatty acid with double bond due to high
ozone dose. In addition, Table 4 shows the fatty acid
profiles of the finisher feed, and C:18:3n6 fatty acid
was found in the control group but not in the ozone-
treated groups.

Sandhu et al. (2011) reported that ozone oxidises
lipids in wheat flour. Also, Kells et al. (2001) found
similar results in their study and found that fatty acids
were oxidised by ozone. Byun et al. (1997) stated that
exposure of aloe powder, bee pollen, and red ginseng



powder to high ozone concentrations (about 18.0 mg
L") for 8h caused significant changes in fatty acid
composition because of the destruction of double
bonds in the fatty acids. However, Naito (1989)
reported that the oxidation of lipids in cereal grains
was rarely observed after 0.05-5 ppm ozone treatment

Table 3. Fatty acid profiles of grower feed for broilers.

Grower period feed

Fatty acids GO* G1 G2 G3 G4

C8:0 - 1.61 - 1.20 1.39
C14:0 - - - 1.10 -

C16:0 37.32 39.70 30.16 35.21 40.71
C18:0 16.60 18.53 13.44 20.51 18.76
C18:1n9 38.40 3533 45.36 34.77 32.60
C18:2n6 5.22 295 7.72 4.51 2.63
C18:3n6 - - 2.29 - -

C20:0 1.16 - 1.03 1.04 133
C22:0 - - - 0.82 1.12
€22:6n3 - - - - -

C24:1 1.30 1.88 - 0.84 1.46
Total SFA 55.08 59.84 44.63 59.88 63.31
Total MUFA 39.70 37.21 45.36 35.61 34.06
Total PUFA 5.22 2.95 10.01 4.51 2.63

*GO: Starter feed without A. niger contamination (=) and ozone applica-
tion (-).

Table 4. Fatty acid profiles of finisher feed for broilers.

Finisher period feed

Fatty acids FO* F1 F2 F3 F4
C8:0 - - 1.15 - -
C14:.0 1.30 - - - 3.50
C16:0 30.86 35.48 33.23 31.67 31.86
C18:0 11.68 1233 14.12 12.88 12.27
C18:1n9 38.57 44.43 38.86 40.66 39.63
C18:1n9t - - - - 1.75
C18:2n6¢ 11.70 7.76 6.50 10.62 8.29
C18:3n6 2.46 - - - -
C20:0 0.92 - 1.04 - -
C22:0 - - - - -
€22:6n3 - - 1.18 1.28 -
C24:1 2.51 - 3.92 2.89 2.72
Total SFA 44.76 47.81 49.54 44.55 47.63
Total MUFA 41.08 44.43 43.96 44.83 44.10
Total PUFA 14.16 7.76 6.50 10.62 8.29

*F0: Starter feed without A. niger contamination (-) and ozone applica-
tion (-).
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for 1h. In contrast to these findings, Dubois et al.
(2006) reported in their study that the lipid content in
the wheat kernel subjected to ozone gas treatment
was not affected. Additionally, Mendez et al. (2003)
also indicated that high (50 ppm for 30 days) ozone
dosing did not alter the fatty acid composition of
grains, such as soybean, wheat, and corn. Although,
they were pointed that the contact surface area might
change the effectiveness of ozone application.

The difference between our findings may be attrib-
uted to the matrix effect of particle size. Starter feed
was mash and so porous however the grower and fin-
isher feed was in pellet form and the ozone might not
penetrate effectively in it. These findings draw atten-
tion to that ozone treatment depends on the surface
area of the samples.

Effects of ozone application on microbial quality
of feeds

Feed samples contaminated with A. niger were treated
with different ozone concentrations (0.9 and 5.6g h™")
for 15 and 30 min, and fungi growth was recorded for
each feed type individually, to evaluate the effective-
ness of ozone on inhibition of the moulds.

The effect of ozone application on starter feed at
different doses and times on A. niger and mould
counts was demonstrated (Table 5). Also, Box and
Whisker plots of the results were shown in Figure 1.
The biggest inhibition rate in A. niger and mould-
yeast numbers were observed in starter feeds where
ozone was applied at 5.6g (per hour) for 30min
(p<.01), and resulted in a 23.33% decrease in A.
niger numbers and a 26.23% decrease in total mould-
yeast numbers. This result approves that as the dose
and duration of ozone increases, its effectiveness also
increases. It was proved that ozone exposure with
longer time and higher dose leads to more effective
microbial inactivation (Brodowska et al. 2018).
Furthermore, Freitas-Silva and Venancio (2010) stated

Table 5. Effects of ozone application on A. niger, and total mould and yeast counts of starter feed.

A. niger (logq cfu g™

Total mould and yeast (log; cfu g')

Starter feed Dose (g h™") Time (min) Before ozone After ozone A (decrease) Before ozone After ozone A (decrease)
S1 0.90 15 2.87° 239 0.49% 361° 2.85¢ 0.76°
S2 30 2.87° 2.63° 0.24" 3.83° 3.13° 0.69°

S3 5.60 15 2.39° 2.24¢ 0.15¢ 3.857 3.83° 0.02°

S4 30 3.00° 2.30° 0.70° 3.857 2.85° 1.01°
SEM 0.072 0.058 0.077 0.033 0.126 0.115
p-Values

Dose .002 .023 547 .001 .003 .028
Time .000 116 .166 .004 .003 .000
Dose x time .000 331 .004 .004 .000 .000

SEM: standard error of means.
*~“Different letters in the same column differ significantly (p < 0.05).

A = Microbial load before ozone treatment — Microbial load after ozone treatment.
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Figure 1. Box and Whisker plots of starter feed’ microbial quality; (a) A. niger, and (b) Mould-yeast counts.

Table 6. Effects of ozone application on A. niger, and total mould and yeast counts of grower feed.

A. niger (logqo cfu g~ ")

Total mould and yeast (logo cfu g~ ')

Grower feed Dose (g h™") Time (min) Before ozone After ozone A (decrease) Before ozone After ozone A (decrease)
G1 0.90 15 2.48° 2.15° 0.33° 3.62° 2.93° 0.70°

G2 30 2,96 2.30° 0.66° 3.86° 3.152 0.71°

G3 5.60 15 2.50° 2.30° 0.20° 3.78% 2.80° 0.97°
G4 30 2.50° 0.00° 2.50° 3.70°¢ 0.83° 2.88°
SEM 0.072 0.300 0.286 0.032 0.334 0.323
p-Values

Dose 037 .000 .000 889 020 016
Time 025 .000 .000 .068 072 044
Dose x time .025 .000 .000 .004 .032 .047

SEM: standard error of means.
““Different letters in the same column differ significantly (p < 0.05).

A = Microbial load before ozone treatment — Microbial load after ozone treatment.

that ozone causes fungal inactivation by damaging
the membrane integrity. As a result of ozone applica-
tion, A. niger and total mould-yeast counts also
decreased in the grower feed samples (Table 6;
Figure 2). Similar to the starter feed, high dose, and
long duration were found to be effective in grower
feed (p <.05). While A. niger was found to be com-
pletely inhibited (p <.001), total mould-yeast counts
were reduced by 77.84%.

As shown in Table 7, the A. niger (p<.05) and
mould-yeast (p <.001) counts were inhibited by the
569 h™' and 30 min ozone application to the finisher
feed. In addition, Box and Whisker plots of the results
were shown in Figure 3. These results are consistent
with the study conducted by Torlak et al. (2016). They
also reported that AFB, levels and mould-yeast spores
were largely neutralised by exposure to gaseous
ozone (2.8 and 5.3 mg L~ at room temperature) on
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Figure 2. Box and Whisker plots of grower feed’ microbial quality; (a) A. niger, and (b) Mould-yeast counts.

Table 6. Effects of ozone application on A. niger, and total mould and yeast counts of finisher feed.

A. niger (logyo cfu g~') Total mould and yeast (log;o cfu g~ ')

Finisher feed Dose (g h™" Time (min) Before ozone After ozone A (decrease) Before ozone After ozone A (decrease)
F1 0.90 15 2.30° 2242 0.06° 3.345¢ 2.77° 0.57¢
F2 30 2.15° 2.00° 0.15° 3.19¢ 2.45° 0.74¢
F3 5.60 15 2.69% 0.00¢ 2.69% 3.64% 2.00¢ 1.64°
F4 30 2.59° 0.00° 2.59° 3.50°° 0.00¢ 3.50°
SEM 0.074 0.322 0.385 0.057 0.326 0.351
p-Values

Dose .001 .000 .000 .001 .000 .000
Time 162 122 951 .033 .000 .000
Dose x time 777 122 399 957 .000 .000

SEM: standard error of means.
adDjfferent letters in the same column differ significantly (p < 0.05).

A = Microbial load before ozone treatment — Microbial load after ozone treatment.

feed samples (Torlak et al. 2016). In another study,
Luo et al. (2014) noted that ozone at a concentration
of 90mg L' had a clear effect on decreasing both
mould count and aflatoxin level of corn.

Zotti et al. (2008), found that ozone has a com-
pletely inhibitory effect on the growth of A. niger. In
different Aspergillus strains, the development of
mould spores abated. In addition, some researchers
reported that A. fumigatus, and A. niger mutants are

more susceptible to inactivate by disinfecting agents
(Lukiewicz et al. 1980; Jahn et al. 1997).

El-Desouky et al. (2012), in their study on Aspergillus
strains in wheat grains, have demonstrated the effects
of ozone application in different periods and doses. In
this study, it was observed that 40 ppm and 20 min
ozone treatment inactivated Aspergillus moulds in
wheat grains and it was reported to be the ideal ratio
for the destruction of aflatoxin.
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Figure 3. Box and Whisker plots of finisher feed’ microbial quality; (a) A. niger, and (b) Mould-yeast counts.

Ochratoxin A is an important mycotoxin produced
by Aspergillus and Penicillium species commonly found
in cereals. Qi et al. (2016) observed that ozone applica-
tion significantly reduced the content of Ochratoxin A
in maize. Oztekin et al. (2006) applied 5 and 10 ppm
doses of ozone gas on dried figs. As a result, total aer-
obic mesophyll, yeast/mould counts decreased by
respectively 38 and 72%, and all coliform bacteria
were inhibited.

In the study, ozone in both mash and pellet feed
form was found to be effective on A. niger and mould-
yeast numbers. However, the effect of ozone on
grower and finisher feeds (in pellet form) was
observed to be higher. It can be said that the physical,
chemical structure, and ingredient of the feed material
and the surface area in which it interacts are effective
in the oxidation ability of ozone. Supporting our
results, Proctor et al. (2004) also demonstrated that
higher aflatoxin degradation was detected on peanut
kernels, compared to the flour. They pointed that the
greater exposure area, and easy ozonation of kernel
surfaces might be reasons for this effect.

To be considered microbiologically clean of feed
and raw materials, the number of fungi per gram
should not exceed 3 log and the number of bacteria
should not exceed 4 log. However, microorganisms
can develop and multiply very quickly under appropri-
ate conditions and increase their number by 10 times
(Eagon 1962). An increase in microorganism loads may
be observed depending on the storage conditions,
and duration of the feeds. The studies presented thus
far provide evidence that ozone might be an eligible
disinfectant to keep feed samples uncontaminated.

Conclusions

In this study, the effects of gaseous ozone application
on microbiological properties of broiler feeds were
investigated. Ozone dose and duration were found to
be effective on inactivation of A. niger and mould-
yeast in all feeds. This study showed that ozone pre-
serves feeds and improves microbial quality. Due to
the high oxidation capacity of ozone, it is very useful
to investigate nutrient losses in broiler feeds to further



eliminate microbial contamination in feeds. Also, the
determination of parameters, such as high oxidation
capacity, thiobarbituric acid analysis, fat-free acidity,
and peroxide value, which are the criteria of lipid
quality, would be more useful in understanding the
effect of ozone. Furthermore, in vivo experiments are
needed to understand the effects of ozone-treated
feed on performance, internal organs, gut microbiota,
histology, and meat quality in broilers.
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