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Abstract:
In this study, we investigated the effect of savory (Satureja hortensis) essential oil, garlic
(Allium sativum) powder, and garlic aqueous extract on fungal load of poultry feed. To
this end, savory essential oil and garlic aqueous extract each amounting 62.5, 125, and
250 µl/ml and mg/ml, respectively, per kilogram of feed and garlic powder amounting
2.5, 5, and 10 g/kg of feed were used. One and two weeks after adding the desired
amounts of these compounds to poultry feed, old counting was carried out at 2, 24, 48,
and 72 h. Then, the results of mold counting per gram of feed were evaluated in the
treatment groups compared to the control group. Based on results, fungal load of feed was
reduced 2 h after adding savory essential oil, and this effect was sustained until the end of
the second week. This effect was concentration-dependent, and hence fungal load reached
to zero at the highest concentration (250 µl/ml) 48 and 72 h after adding savory essential
oil (P< 0/05). Garlic powder significantly reduced the fungal load of feed, especially in
the treatment group containing the maximum dose (10 g) 72 h after adding garlic powder
(P< 0.05). The garlic aqueous extract increased fungal load of feed considerably (P<
0.05). So, it is suggested that savory essential oil and garlic powder can be used as
appropriate alternatives for chemical agents used in controlling fungal load of poultry
feed.
Keywords: feed, fungal load, garlic powder, poultry, savory essential oil.

Introduction
As an important source of human food
supply, the poultry industry has a significant
role in providing healthy nutrition.
Obviously, in order to produce healthy food
with poultry origin, it is necessary for
components of poultry feed to be safe and of
good quality. The presence of microorganisms
in poultry feed leads to the corruption and
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reduction in nutritional value (Shareef,
2010), incidence of acute and contagious
diseases, allergy and poisoning (Ariyo et al.,
2013). It can cause extensive economic
losses and high mortality (Krnjaja et al.,
2008). One of the microorganisms that infect
poultry feed components are fungi (Krnjaja
et al., 2008; Ariyo et al., 2013). The
presence of fungi and their toxic metabolites
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(mycotoxins) in poultry diets, especially in
tropical areas, is unavoidable problem (Aly
and Anwer, 2009). Different species of fungi
such as Fusarium, Aspergillus, Mucor, and
Penicillium spp. have been isolated from
poultry diets (Moreno Romo and Fernandez,
1986). Aspergillus species, one of the main
contaminants of poultry diets, produce
aflatoxins (Aly and Anwer, 2009). Moderate
or high levels of aflatoxin in the diet can lead
to mortality, while low levels of these toxins
reduce the production indices. The food
originating
from
poultry
containing
aflatoxins is a significant threat to consumer
health and consequently many studies have
confirmed carcinogenicity of these toxins for
humans (Hsieh and Atkinson, 1991; Binder
et al., 2007). Hence, management and
control of fungal pollution, especially
mycotoxins, is of utmost importance in order
to reduce their harmful effects.
The use of disinfectants to control feed
contamination is limited due to the
sensitivity of poultry feed ingredients.
Conventional methods for microbial control
of food such as steaming plate, use of ozone
and formaldehyde gases, radiation, organic
acids such as formic acid and propionic acid
and methyl bromide are often associated
with undesirable side effects, including toxic
effects of some remnants of these
compounds, such as reproductive disorders
and reduced fertility, behavioral disorders,
tumorigenesis, and changes in Complete
Blood Cell (CBC) (Khan et al., 2006). On
the contrary, these methods do not be
effective in the control of microbial load
completely.
Considering
what
was
mentioned, attempts to find alternatives with
fewer side effects and greater efficiency to
control microbial load in poultry feed seem
absolutely necessary.
In recent years, the use of herbal
medicines and natural products, due to
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antimicrobial properties and minimal side
effects, is rising. Garlic (Allium sativum) and
savory (Satureja hortensis) herbs have
consumption history of thousands of years,
and their antifungal properties have been
confirmed according to many studies (Irkin
and Korukluoglu, 2007; Razzaghi-Abyaneh
et al., 2008; Fani and Araghizadeh, 2009;
Yazdanpanah Goharrizi et al., 2012). In this
study, we evaluate the effect of savory
essential oil, garlic aqueous extract, and
garlic powder on fungal load of poultry feed.

Materials and Methods
Preparation of savory essential oil: Savory
herb was obtained from agriculture college
greenhouse of Urmia University and dried in
shade. About 100 g of dried aerial parts were
subjected to hydro-distillation by Clevenger
apparatus for 3 h. The savory essential oil
was dried over anhydrous sodium sulfate and
stored at 4°C until use (Yazdanpanah and
Mohamadi, 2014). The normal saline was
used for preparation of 62.5, 125, and 250
µl/ml concentrations.
Preparation of garlic aqueous extract:
About 80 g of fresh garlic bulbs were surface
sterilized with 1.0% sodium hypochlorite
(NaOCl) and grounded in a sterile mixer.
The pounded garlic was mixed with 100 ml
of sterile distilled water. The mixture was
centrifuged at 6000 rpm for 20 min. The
supernatant was filtered through Whatman
No. 1 paper and then through 0.45 µm
membrane filters. The active ingredient in
the extract was 512 mg/ml (Bakri and
Douglas, 2005). Strile distilled water were
used for preparing 62.5, 125, and 250 mg/ml
doses of the garlic aqueous extract. The
extract was stored in a refrigerator (4 °C).
Preparation of garlic powder: Alliums were
peeled, washed with sterile distilled water,
and crushed. Then, the cloves were dried in
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oven at 50 °C for 48–72 h. The dried garlic
was grounded in a blender and resulting
powder was passed through sieve of 1 mm
mesh size. The garlic powder was placed
into sterile containers and stored at 4°C
(Khan and Zahoor, 2014).
Preparation of samples: Four broiler farms
around Urmia city were selected randomly.
A typical 3 kg of ready-for-consumption
poultry feed was collected in sterile plastic
containers from mixer device of each farm.
Collected samples were transferred in
compliance with the standard conditions to
the microbiology laboratory, faculty of
Veterinary Medicine, Urmia University. The
samples were thoroughly mixed and were
divided into ten 1 kg samples in sterile
plastic containers. About 5 ml of savory
essential oil with concentrations of 62.5,
125, and 250 µl/ml was sprayed to each kg
of feed with complete uniformity and under
sterile conditions. About 2.5, 5, and 10 g of
garlic powder per kilogram of feed was
added to the samples and mixed well by a
clean mixer. Also, five ml of garlic aqueous
extract with different concentrations of 62.5,
125, and 250 mg/ml in sterile condition was
sprayed uniformly to each kilogram of feed.
All treatment groups consisted of three
replicates.
Fungal count: Fungal count was performed
according to the method described by Ariyo
et al. (2013). One and two weeks after
mixing of poultry feed with savory essential
oil, garlic powder, and garlic aqueous
extract, the mold count was carried out at 2,
24, 48, and 72h. During the study, treated
and control samples of feed were kept in
feed warehouse in hennery. Finally, results
of mold count per gram of feed in treated
groups compared to control group were
evaluated.
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Statistical analysis
The results were analyzed using Minitab
software, and the data were studied as mean
± SD (Confidence level 95%).

Results
Count of fungal colonies showed reduction
in fungal load in a concentration-dependent
manner 2 h after adding savory essential oil.
This effect lasted up to two weeks. The most
antifungal effect was observed 48 and 72 h
after adding oil, and therefore the fungal
load of feed reached to zero (P < 0.05) in
treatments containing 125 and 250 µl/ml
savory essential oil. Also, 24 h after adding
garlic powder, fungal load of feed was
significantly reduced compared to the
control group (P < 0.05). Like savory
essential oil, antifungal effect of garlic
powder was dose-dependent and lasted till
the end of second week. The maximum
antifungal activity was observed in the
treatments containing 10 g of garlic powder
and after 72 h (P < 0.05). Based on the
results of fungal count in treatments
receiving garlic aqueous extract, this extract
increased fungal load of feed significantly (P
<0.05) compared to control group. The
results of mold count after addition of savory
essential oil, garlic powder, and garlic
aqueous extract to feed poultry are shown in
Figure 1 to 3.

Discussion
Molds are important contaminants of poultry
feed that produce mycotoxins and can also
cause corruption of food. According to
studies, 30% to 40% of molds can produce
toxic compounds in favorable conditions
(Shareef, 2010). Most toxic species belong
to the genera Aspergillus, Penicillium,
Fusarium, and Alternaria (Kaushal and

25

Savory and garlic on fungal load of poultry feed

Sinha, 1993). Mycotoxicosis in poultry flock
leads to reduction in weight gain, egg
production and shell quality, anorexia,
increase of eggs with blood spots, increased
mortality, immunosuppression, failure of
vaccination programs, susceptibility to
infectious diseases such as Colibacillosis and
Newcastle, and many other problems
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(Shareef, 2010). The consumption of meat,
egg, and poultry viscera containing the
remains of mycotoxins leads to transmission
of these toxins to humans (Pennington, 1986;
Naoom, 2007). Therefore, control of hygiene
and quality of poultry feed is very important
for public health.

Fig. 1. Results of mold count during two weeks after adding savory essential oil to feed poultry

Fig. 2. Results of mold count during two weeks after adding garlic powder to feed poultry

Fig. 3. Results of mold count during two weeks after adding garlic aqueous extract to feed poultry

The use of disinfectants to control poultry
feed contamination has always been
accompanied with restrictions due to the
26

sensitivity of food components. Also, some
of these methods have various side effects.
For example, high concentrations of
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formalin in poultry feed are associated with
adverse effects as depression, anorexia,
anemia, leukopenia, and an increase in blood
urea and creatinine levels (Khan et al.,
2006). These problems have caused to raise
efforts to find the effective herbal products
with minimal side effects increasingly.
In this study, we investigated antifungal
properties of savory essential oil, garlic
powder, and garlic aqueous extract on fungal
load of poultry feed. Antifungal property of
these herbal products has been recorded in
previous studies (Adiguzel et al., 2007;
Borhan-Mojabi et al., 2012; Mercy et al.,
2014; Yazdanpanah and Mohamadi, 2014).
According to the results, 2 h after adding
savory essential oil, fungal load of feed was
reduced in a dose-dependent manner. The
maximum effect on fungal load was
observed
for
savory
essential
oil
concentrations of 125 and 250 µl/ml during
48 and 72 h after adding oil, and therefore no
fungal colonies were observed on plates.
These results are in agreement with the
results of other studies, where strong
antifungal activity of savory essential oil
against Candida albicans (Majd et al., 2009;
Mohammadpour et al., 2011), Alternaria
citri (Yazdanpanah and Mohamadi, 2014),
and Aspergillus flavus and inhibition of
aflatoxin B1 production (Yazdanpanah
Goharrizi et al., 2012) were approved
previously. Evaluation of the antimicrobial
properties of savory essential oil by Sahin et
al. (2003) showed that the oil significantly
reduced the microbial load of feed.
Furthermore, it was found that savory
essential oil has antioxidant properties, and it
can be used for replacement of synthetic
antioxidant compounds in poultry diet
(Montazeri et al., 2014).
Antifungal effect of garlic powder was
observed 24 h after adding it to feed.
Antifungal activity of garlic powder was
lower than savory essential oil. The most
JMR (Mar. 2015), 2(1)
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antifungal effect was reported in 72 h after
adding 10 g of garlic powder per kilogram of
feed. Antifungal properties of garlic are
confirmed in previous studies (Lemar et al.,
2002; Low et al., 2008; Londhe et al., 2011;
Khan and Zahoor, 2014). In order to
maintain the quality of poultry feed, the
antifungal activity of garlic powder has
already been investigated (Khan and Zahoor,
2014). In this study, Aspergillus flavus and
Aspergillus parasiticus were added to the
feed containing garlic powder. The results
showed strong antifungal properties of garlic
in which the growth of these fungi was
inhibited in food treated with garlic powder.
Sallam et al. (2004) studied the antioxidant
and antimicrobial effects of garlic in
sausage. The results showed that garlic has
strong antimicrobial and antioxidant
properties, and hence it can be used as an
additive for preserving foodstuffs. In the
study conducted by Berges et al. (2004), it
was found that garlic reduces carcinogenicity
of cancer-causing chemical compounds,
especially aflatoxin B1, in rats fed with diet
containing this toxin; they found that garlic
increases the enzymes responsible for
detoxification of aflatoxin B1. Several
studies have indicated that use of garlic in
poultry diets, in addition to its antimicrobial
properties, has positive effects on poultry
health and production (Qureshi et al., 1983;
Konjufca et al., 1997; Olobatoke and
Mulugeta, 2011; Reeisi et al., 2012).
Garlic aqueous extract increased fungal
load of feed 2 h after adding to diet. Shamim
et al. (2004) examined the effect of aqueous
and alcoholic extract of garlic on various
species of Dermatophytes, Saprophytes, and
Candida spp. Results indicated that the
antifungal activity of ethanol extract of
garlic was considerably higher than aqueous
extract (Shamim et al., 2004). Also, the
study conducted by Mercy et al., (2014)
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showed that the antifungal activity of ethanol
extract of garlic against dermatophytes was
more than its aqueous extract. However,
evaluating the antifungal effect of aqueous
extract of garlic and onion on different
species of Candida and Malassezia furfur
revealed that these compounds have good
antifungal properties (Shams-Ghahfarokhi et
al., 2006). In another study, the effect of
garlic aqueous extract on pathogenic yeasts
was reported similar to ketoconazole
(Razaghparast et al., 2009). Investigate by
Irkin and Korukluoglu (2007) also confirmed
the inhibitory effects of garlic aqueous
extract against Aspergillus niger. Stronger
antifungal effects of garlic ethanol extract
compared with its aqueous extract have been
attributed to the solvent used in extraction of
the active ingredients of garlic. Given that
ethanol and methanol are organic solvents,
their solubility is more than water for
dissolving the active ingredient of garlic
required for antifungal activity (Mercy et al.,
2014). Also, in the mentioned studies, broth
dilution method has been used to evaluate
the antifungal effect of garlic aqueous
extract, whereas in the present study, garlic
aqueous extract has been added to poultry
feed. So, it seems that adding the aqueous
extract to feed poultry, through raising
humidity, provides the ideal conditions for
fungal growth.

Conclusion
Based on our results, savory essential oil and
garlic powder had significant impact on the
reduction of fungal load of poultry feed. On
the contrary, the use of these compounds
will be associated with fewer possible side
effects due to their organic nature.
Therefore, it is necessary to survey the
possible side effects of these compounds on
human and poultry health. If the safety be
proved for consumer, these compounds
could be used as suitable natural alternatives
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for controlling microbial load of feed in the
poultry industry.
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