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ABSTRACT

Food waste has been identified as a considerabd®lpm and bread is the most wasted fobais study aimed to
evaluate In-vitro anti-fungal activity of cinnamextract on bread spoilage fungi and to determiseaitti-fungal
effect in the bread slices. At first, the MIC anB@Avalues of the extract were determined againpeAgllus niger,
Aspergillus flavus, Aspergillus fumigatus, Penigith chrysogenum, Penicillium notatum and Rhizopyzae.
Then, Aspergillus sp was selected to assess agéfactivities of different doses of cinnamon estrem bread
slices. Cinnamon extract at a dose of 64 mg/ml ¢etely inhibited all standard and bread isolatech@u This
concentration of extract also inhibited Aspergillgsowth on bread slices and delayed colony fornmatimt
adversely affected the sensory characteristicsreidh. Cinnamon extract at 32 mg/ml not only delajuayal
growth, but also improved bread shelf life and gethits staling. Moreover, 32mg/ml of extract dat adversely
affect bread aroma, flavor and texture. Howevedigm acetate inhibited the growth of Aspergillusbsp is not

recommended for fungal control because it is careid as chemical. Therefore 32 mg/ml of extract i

recommended for increasing the shelf-life of fiaaal.
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INTRODUCTION

Food waste is a serious problem in Iran and brealld most wasted food products. Mold spoilagenis af the
main causes of bread waste. In addition to foodevaisd economic losses, it can cause food safeblgems due to
aflatoxin production [1].

Aflatoxin B1 is the most common and highly toxidaabxin which is generally found in breads. Aftertexring the
body, it is metabolized to aflatoxin M1 and M2. Bad et al [2010] observed that there was a linelationship
between the amount of aflatoxin M1 and M2 in comitk and aflatoxin B1 in cow's diet. Fungal aflatox are
heat-stable and not inactivated by pasteurizapnilhey are also found in all products made framv milk [3].

Today, due to increased use of bread waste inamaosbandry, much attention has been paid torfewd methods
to keep bread mold-free. Various chemicals have lseggested to overcome mold growth in cereal aedds [4].
Because of possible adverse effects of these chésmin yeast activity, they are commonly used dpcts that
don't rely on fermentation. Yeast fermentation Aasmportant role in bread production and thereforemicals
with minimal effects on yeast activity should bdested for breads preservation. Sodium acetate begsn

recognized as a suitable compound for preventianalfl spoilage in the bread$Sodium acetate is the sodium salt

of acetic acid and contain 40% of free acetic 46id Today, due to increased public concern abdwgndcal
preservatives researcher attention has been shiftextd natural products.

162



Monir Doudi et al Int J Med Res Health Sci. 2016;5(1)162-171

Cinnamon scientifically knowas Cinnamomum veruia a small evergreen tree belonging to the fatdlyraceae.
It is a medium sized tree that reaches feters in height. Cinnamon is native to Sri Lankd #@s bark is widely
used as a spice. Cinnamon has been reported toamdifiengal, antiviral, antibacterial activity. Abacterial and
antifungal effects of cinnamon essential oil mayrblated to the ortho-methoxy cinnamaldehyde. & baen
reported that fungal spores can't reproduce in amediontaining cinnamon [6].

Studies conducted by different researchers sholagdctnnamon essential oil has the ability to ifthiold growth
on bread [7]. Soleiman and Badea [2011] reportedl tmnamon essential oil at a dose of 500 mg/mlmavent
the growth ofAspergillus flavus, Aspergillus parasiticusspergillus ochraceus and Fusarium moniliformeé?DA
medium][8]

Biological activities of Cinnamon oil have beenriatited to its active compounds. The major comptseri
cinnamon essential oil include trans-cinnamaldehgdmethoxy-2-propanediol, methyl eugenol and amicaacid.
The antifungal and antioxidant activity of thesangmunds have been demonstrated in previous stutifass-
cinnamaldehyde, an aromatic aldehyde obtained fbark of cinnamon, exhibits significant inhibitor§fext on
Aspergillus [1]. Many species of Aspergillus sppesially A. flavusandA. parasiticusproduce poisonous fungal
toxins called mycotoxins. These toxins are assediatith cancer, neurological damage, birth defesttsjlity, and
immune dysfunction [9]. Aspergillus resistant tdifamgal agents, bring a worrying clinical progriosh immune
suppressed people [4].

This study aimed to evaluate inhibitory effect @firmamon extract on different fungal strain in brethd bread
model

MATERIALSAND METHODS

Preparation of cinnamon extract

The soaking procedure was used to preganeaamomum cassiextract. 25 grams of cinnamdark were dried in
open air at room temperature and finely milled. db&ined powder was poured into a 1 liter flasét emixed with

300 ml of distilled water. The extract was filterdolough a smooth filter paper and concentratedgiyg a rotary
evaporator. The prepared extract was then mixed Tytode buffer containing KCI, NaCl, HEPES, N&tD,, H20

and glucose at a 1:1 ratio. The extract was stedlby passing through a 0.4 micron filter and ket refrigerator
at 4 °C [11].

Determination of the dry weight of the extract

One ml of extract was transferred into a pre-weigentainer and heated at 50 °C to dryness. Afterte
container was re-weighed and extract dry weight eadsulated from the weight difference betweenfthal and
initial weight of the container. The process repddtee times and average was calculated [11].

Preparation of mold suspension for Inoculation

Aspergillus nigefPTCC 5012] Aspergillus flavugPTCC 5006],Aspergillus fumigatugPTCC 5009],Penicillium
chrysogenunfPTCC 5021],Penicillium notatumPTCC 5074] andRhizopus oryzagPTCC 5174] from Iranian
Research Organization for Science and Technologlrdn, Iran, were used in this study. They weréwaiéd on
Sabouraud dextrose agar [SDA; Merck] containing IZmephenicol antibiotic and incubated at 27 °C 2dr h.
Mold suspension were prepared from cultivated malus molds isolated from moldy bread. For this psg 500
ml of phosphate buffered saline [PBS: pH =7.2] wdded to a 1ml micro-tube. A small amount of grasfonies
on SDA was then suspended in PBS using an inoogl&tbp. After mixing, the number of cells was ctechunder
microscope using a Neubauer lam, and a cell sugpensth a density of 1 x fcell per ml that gives 100 cells per
lam or absorbance of 0.08 at 630 nm was prepar€LC[XC, 2000].

Determination of M1C and M FC values using M acro Dilution M ethod:

Minimum inhibitory concentration [MIC] and minimurfungicidal concentration [MFC] are commonly used to
assess the susceptibility of fungi to plant exgaetssential oils and antibiotics. They also helfind effective
concentration of these agents against selected. flmghis experimental study, serial dilutions eftracts were
prepared in 10 sterile tubes. 1ml of various cotregions of the extract [0, 2, 4, 8, 16, 32, 648,1256, 512 mg/ml]
was added to each tube. Then 1 cc of each fungalession was added to each tube. A tube contaiBibBg
medium and fungal suspension but no extract wasidered as the negative control. Two positive astwere
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used in this study. One of them had 1 mL of SDB imm&g 1ml of fungal suspension and ml of fluconazatiets
effective dose. Another had 1 mL of SDB medium, bihfungal suspension and 1ml of serially dilutediism
acetate. All the tubes were then incubated at 286-8@r 24-48 h. After incubation, the test tubetwihe lowest
dilution displaying no visible growth when checkegdually was considered as the MIC. Afterwards, 10®f

content of each transparent tube exhibiting noiditsowere cultured on the SDA. After incubatiohgtfirst plate
without fungal growth was considered as MFC po#idt.the tests were performed in three repetitioNCCLC,

2000].

Preparation of breads

Flour used in this study was purchased from locatket and active dried yeast was obtained from-Mayeh
factory, Tehran, Iran. One group of bread was pegp&om flour, water, salt, active dry yeast andism acetate
while another group was prepared from flour, wasett, active dry yeast and aqueous extract ofaciton 32 and
64 mg/ml. Amounts of raw materials required forgamng bread dough on the basis of flour include %bwater,
2% salt and 3% active dried yeast. Amount of waeeded was determined based on Farinograph dadaun$o
acetate and cinnamon extract concentrations wassechbased on preliminary tests and experimentiticg of
bread. In order to determine best condition of bgkseveral preliminary experiments were perforroefibre the
main experiment.

After weighing of raw materials, they were put irttee mixer and mixed. The prepared dough was keptha
appropriate fermentation temperature for 3. Theugth was divided into round pieces and kept atpgoragpriate

temperature for another 45 minutes. After placimg dough balls on a baking tray, it was transfetcethe oven

having the temperature of 200 °C. The time requioedbaking the breads was 25 minutes. After bakihg breads
were transferred to the laboratory and cooled,adtet reaching the desired temperature, they warento pieces 6
x 6 cm with a sterile knife and placed into stepidri dishes.

Inoculation of bread diceswith fungal cultures:

Center of bread slices were inoculated with Aspleigisp using a sterile loop. Petri dishes contagjrinoculated
bread slices were incubated at 25+ 2°c. They weseiwed for colony formation and everyday colorgniters
were measured in mm by ruler. The surface areheofrtold was calculated from the measured diamieacent of
moldy areas was calculated by dividing the surfacéhe mold to the surface of the bread. Measurésnemere
continued until all the bread surface was coveréti the mold. In this studyAspergillus spwvas selected for the
assessment of antifungal activity of cinnamon exttzecause this genus showed the maximum growthwhen
compared to the other strains. All the experimergee repeated three times [12].

Statistical analysis:

A completely randomized design was used in thislystand experiments were repeated three times. Data
subjected to statistical analysis using SRS8ftware. One-way ANOVA used to determine sigaificdifferences
between means. p<0.05 was considered staticalhfisignt. Charts were drawn using a Exgg} software.

RESULTS

Antifungal effects of cinnamon extract

Effects of Cinnamon extract on Aspergillus strains:

Effects of different concentrations of Cinnamonragt on Aspergillus strains isolated from bread sfniewn in
figure 1A. Results showed that different concerdret of aqueous extract of cinnamon bark had diffeeffects on
different strains of Aspergillus. In this studypgith of all stains were completely inhibited by @amon extract at
a dose of 64 mg/ml. Cinnamon extract at concewotmatdf 32 and 16 mg/ml completely inhibitddfumigatusand

A. flavusgrowth and significantly decreased riger growth Aqueous extract of Cinnamon bark at doses of 48and
mg/ml significantly decreased all stains growth pamed to the controA. nigershowed relatively higher resistance
to extract compared to the other strains. Effetdiféerent concentrations of Cinnamon extract temdard strains
of Aspergillus are shown in figure 1B. Aqueous agtrof cinnamon bark at a dose of 64 mg/ml complete
inhibited all standard stains of Aspergillus. Cimman extract at 32 mg/ml resulted in complete irtfohi of theA.
flavus and A. niger. It also resulted in 50% inhibition of th&. fumigatus Among tested standard strairs,
fumigatusshowed higher resistance compared to the othenstr
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Figure 1: Effects of different concentrations of Cinnamon extract on: A] Aspergillus strainsisolated from bread, B: standard stains of
Aspergillus

Effects of Cinnamon extract on Penicillium strains:

Figure 2A, shows the effect of different doses afn@mon extract on standard strainsPehicillium. The lowest
concentration of extract that completely inhibitdee growth ofP. notatumwas 16 mg/ml while the lowest
concentration that completely inhibit&d chrysogenumgrowth was 32 mg/ml. Cinnamon extract at dose$ arfid 8
mg/ml also reduced growth &f. chrysogenunandP. notatumin comparison to the contrdfigure 2B, shows the
effects of different doses of Cinnamon extractR@micillium strain isolated from brea@innamon extract at doses
of 16 and 32 mg/ml completely inhibit&d chrysogenurbut did not inhibitP. notatumcompletely.
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Figure 2: Effects of different concentrations of Cinnamon extract on: A] standard stains of Penicillium, B] Penicillium strainsisolated
from bread

Effects of Cinnamon extract on Rhizopus strains:

Figure 3, shows the effect of different doses ofin@mon extract on standard strain Rfiizopus.Different
concentrations of extract did not inhilitt oryzaecompletely.However, Cinnamon extract at doses of 32 and 64
mg/ml reducedR. oryzaggrowth compared to the control.
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Figure 3: Effects of different concentrations of Cinnamon extract on standard strain of Rhizopus

Antifungal effects of sodium acetate

Effects of sodium acetate on Aspergillusstrains:

Effects of different concentrations of sodium atetan standard strains of Aspergillus are showfigure 4A. At
higher concentrations sodium acetate completelypstd the growth of the standard strains of AspleilSodium
acetate at concentrations of 0.32 and 0.16 mg/miptetely stopped the growth of tested fungus. Theas
significant difference between inhibitory effecfsdifferent concentrations of sodium acetate [p&D.@s shown in
figure 4B, 0.32 mg/ml of sodium acetate suppresbedgrowth of all three strains of Aspergillus eeld from
bread. Sodium acetate at a concentration of 0. Y&nhapmpletely inhibited the growth &f. fumigatusbut failed to
inhibit other tested strains. Sodium acetate shosigdificant dose-dependent inhibitory effects twe fungal
growth and their growth significantly decreasedrmyreasing sodium acetate concentrations.
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Figure 4: Effectsof different concentrations of sodium acetate on: A] standard strain of Aspergillus, B] on Aspergillus strainsisolated
from bread

Effects of sodium acetate on Penicillium strains:

As shown in figure 5A, Sodium acetate at conceiotnat of 0.32, 0.16 and 0.08 mg/ml completely stappe
growth of standard strain d?. chrysogenunbut failed to stopP. notatimgrowth. According to the statistical
analysis, the inhibitory effect of sodium acetamngicantly increased by increasing its concenmtrat [p<0.05].
Different concentrations of sodium acetate did ecmhpletely inhibit the standard strain Bf notatum Inhibitory
effects of different concentrations of sodium atetan Penicillium strains isolated from bread dreven in figure
5A. The growth ofP. chrysogenumvas stopped at the concentrations of 0.32, 0.460e08 mg/ml buP. notatim
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growth was stopped at the concentrations of 0.320ah6 mg/ml. Finally, fungal growth significanttgduced by
increasing sodium acetate concentrations.

A B
120 4 1
M Pen.notatum ptcc5074 120 p
H Pe.notatum
100 M Pen.chrysogenum ptcc5031 100 u Pen.chrysogenum
€ £
_E_SO € 80
< =
g 60 % 60
o 7
= -
&40 % 40
2 =
20 20
0 0
contol+ 0,01 0,02 004 008 016 032 contol+ 001 002 004 008 016 032
concentrations (mg/ml) concentrations

Figure5: Effectsof different concentrations of sodium acetate on: A] standard strain of Penicillium, B] Penicillium strainsisolated from
bread

Effects of sodium acetate on Rhizopus strains:

Figure 6, shows the effect of different doses afism acetate on standard strain of Rhizopus. Asvalis figure 6,
sodium acetate at doses of 0.32, 0.16 and 0.08 negfmpletely inhibited the growth &. oryzaeSame effect was
also observed on the growth of fungus isolated fboead [Data not shown]. Inhibitory effect of sadiacetate was
increased by increasing its concentration.
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Figure 6: Effects of different concentrations of sodium acetate on Rhizopus oryzae

Effects of Cinnamon extract on Aspergillussp in bread slices:

Colony formation of Aspergillus growing on breadcst in the presence and absence of Cinnamon exrac
shown in figure 7. Cinnamon extract at a dose ofr@ffml showed the highest inhibitory activity andlayed

colony formation for 5 days. Cinnamon extract atab® 32 mg/ml delayed fungal growth for 4 days dfter this

period the growth of the fungus initiated at thevéo speed compared to the control. Statisticalyasisalshowed
significant difference between inhibitory effectdifferent concentrations of cinnamon extract ospérgillus in

bread slices.
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Figure7: Colony formation of Aspergillus growing on bread slicesin the presence and absence of Cinnamon extract
DISCUSSIONS

In our study, as expected, sodium acetate showed gatifungal activity and inhibited the growth aif tested
fungi [figure 4-6]. Charalambous [1986] and Bafe190] [3,13] showed that sodium acetate is ancéffe growth
inhibitor of bread spoilage molds. A study condddby Plegg [1986 and Glabe[1998] [14, 15] also showed that
sodium acetate can prevent fungal contaminatiolivestock and poultry feed. In recent years, ndtpraducts
such as herbal extracts and essential oils hakecsgtl public attention due to increased concelpasitachemical
preservatives. Therefore, replacement of chemiaahpounds with herbal based preservatives is highly
recommended. Essential oils and their active caestt, were shown to inhibit more than 15 typebadteria and
fungi [16: 17; 5].

In this study, in vitro antifungal activity of ciamon extract was evaluated against standard fumbfuangi isolated
from breadsAccording to the results of this study, agueousaettof cinnamon at a concentration of 64 mg/ml
completely inhibited all standard and bread isala®ains of Aspergillus. Antifungal effects of ptaessential oils
and extracts have been evaluated in previous studie

Kalemba et al [2003] [16] investigated the inhibjteffect of 24 plant essential oils against 7 falrend 9 bacterial
species. All tested essential oils showed inhigitdfect againsMycobacterium Smegmatigth MIC values ranged
from 5.62 to 400 pg/ml. 13 essential oils showedhitory effect againsStaphylococcus aureus? essential oils
showed inhibitory effect again€andida albicansnd 16 essential oils showed antifungal effecténagA. niger.3
essential oils at concentrations ranging from 200460ug/ml showed inhibitory effects agair&treptococcus
faecalis. Furthermore, Inhibitory effects of 11 essentiakaligainstA. niger were determined by broth dilution
assay. From which the 5 essential oils [cinnamdh, @briander, garlic and onion] showed signifitanhibitory
effects against A. niger.

In the study conducted by Fatehal [2010] inhibitory effects of aqueous and alcohalidract ofAllium hirtifolium
was evaluated againgtspergillus sp Penicillium sp Rhizopus spandcandida albicans. A. hirtifoliunshowed
strong inhibitory effect with MIC values higher thiconazole[18].

Moghtader and Salari [2011] [19] found that heres$ential oils can inhibA. flavusat a concentration of 0.32
mg/ml. In our study cinnamon extract at 32 mg/ml inhibifedlavusgrowth. It is reported that essential oils show
stronger and broader activity compared to the etdra

According to the results of present study, cinnamatract at doses of 64 and 32 mg/ml completelybitdd
standard strain d?. notatumandP. chrysogenurbut only inhibited Pchrysogenunsolated from breads
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Inhibitory effects of cinnamon extract and esséntis against different fungi were shown in prawostudies.
Cinnamon essential oil has been reported to shdilamterial, antifungal and antioxidant effects J[2Results of
recent studies showed that, the addition of cinmagdract to the PDA medium can prevent growtiPenicillium
patulum, Penicillium citrinum, Penicillium roquefgrAspergillus parasiticusand Aspergillus flavusThey also
found that cinnamon extract can inhibit yeast gtof2tl-23].

Negi et al [2012] [24] reported that the inhibitory effef cinnamon extract oR. notatumgrowth is related to its
active components such as cinnamaldehyde and eluygaalso found that Cinnamon extract not onlyilits P.
notatumbut also inhibits other standard strain of sapytiptfungi obtained from Iranian Research Organarafor
Science and Technology except RiroryzaeNo inhibitory effects orR. oryzaggrowth was observed in this study.
In our study antifungal activity of cinnamon extraeere also investigated in bread slices. Due tpoirtance of
Aspergillus sp, it was chosen for studying the -fumtigal activity in bread slices. The results oégent study
showed that aqueous extract of cinnamon at a db6d sng/ml was able to inhibit Aspergillus growth bread
slices. This concentration of extract extendedléigetime of colony formation by 5 days. Cinnamortrast at 16
and 32 mg/ml delayed fungal growth for 4 days Witgrahis period the growth initiated at significgnlower speed
compared to the control. Furthermore, the highestentration of extract that did not cause anytddt®us changes
in the flavor and quality of bread was 32 mg/mlcéuing the results of previous studies, cinnamdraet can be
added to various food products as a preservatised8]. Our research also showed that it can bd tsextend
shelf life of different types of bread especialbtforeads.

The results of our study indicated that aqueousaekiof cinnamon can prevent mold growth on brdathere

weren't technical and legal constraints, degreatubition increases by increasing concentratiomexifacts. These
results were consistence with other studies [2].,, @Binamaldehyde, a main constituent of cinnamssestial oils
and extracts shows antifungal activity by destrgyfangal cell wall enzymes. Eugenol, another conmgothat

found in small quantities has been shown to extahiimicrobial and antifungal effects. Eugenol éparted to
increase the permeability of the cytoplasmic meméi[a9]

Kalantari et al [2012] [3] found that Cinnamon ed#&# oil has potent inhibitory effects on pathogemand
saprophytic strains of Aspergillus. This result wasarmony with our results. We showed that theeags extract
of cinnamon can be added to retard mold growthiapdove the flavor and aroma of bread.

CONCLUSION

Considerable antifungal activity of cinnamon extraas been demonstrated in this study. Lower cdretéons of
cinnamon extract showed antifungal activities lovilean sodium acetate but higher concentrationsxtfaet

presented antifungal activities similar to the sodiacetate. Regarding its effectiveness, herbalr@and fewer
side effects, cinnamon extract can be used to itnhibld growth and increase bread shelf life. WHQ@ &AO0

recommendations, growing concerns about food safedyquality issues and increasing demand forpessessed
food or food without chemical preservatives leadetdensive researches for finding new natural presee.

Cinnamon extract not only increases bread shelfdifd inhibits mold growth but also improve sengwoperties of
breads. Ideally, if consumers were perfectly infednabout effectiveness and health promoting effefctshnamon
extract, the health and safety issues would beideresi more important than sensory properties.
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