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Abstract:

Preliminary tests showed that the tested isolates of Aspergifius flavus and Fusarum
verticiloides were capable to produce aflatoxins and fumonisins. Moreover, active ingredients of
the tested herbal plant extracts were found to include monocyclic terpenes (limonene) and
dicyclic terpenes (a-pinene). Besides, other active components were alko detected, e.g.
anethole in anise oil, thymol and carvacrol in thyme oil, eugenol and thymol in clove oil and
dicyclic alkcohol in peppermint Feed additive mixtures (FAM), used for pouliry (PAM) and cattle
(CAM) were tested for their antagonistic and detoxification effect against the tested isolates.
Individuat herbal oils were more effective in reducing fungal growth than their mixtures. More
inhibitory effect against F.verticilloides was obtained by clove oil, foliowed by thyme oil, caraway
oif and peppermint. Oii mixtures without Scdium chloride were more effective in reducing fungal
growth, foliowed by poullry additive mixtures. Feed additives and oil mixtures were more
effective in reducing growth than suppressing mycotoxin production by F.verticiffoides, whereas
the contrary was observed in A.flavis. Qil mixtures with or without Na Cl were less effective in
reducing fumonisin production than FAM, whereas the reducing effect was the same in
aflatoxins production by A.flavus. Clove oil showed the highest reduction in fungal growth of bath
F.verircilloides and Aspergiflus flavus, compared with the other individual oils. Clave oil was
more efficient in reducing fumonisins, whereas Na Cl was more effective in reducing aflatoxins.
Additional index words: Herbal substances, feed additives mixture, fungal growth inhibitors, Mycotoxins

inhib#tion, corn grains.
Abbreviations: FAM = Feed additive mixtures; CAM = Catile additive mixtures; PAM = Poultry
additive mixtures; OM = Oil mixture; OM1 = Oil mixfure and OM2 = Oil mixture2” -

Introduction:

7 Com (Zea Mays L.) is one of the most important grain crops all over the
world. In Egypt, the cultivated area of maize grain production reached about
1.9 million Feddans in season 2005, which produced approxlmateiy 6.3 million,
tons of com grain (AQAD, 2006).

Com grains are subjected to infection with many fung| Transportation
and storage of com grains under certain conditions might induce undesirable
changes that facilitate the spread of storage fungi such as Fusarium
verticilloides and Aspergillus flavus with the possibility of producing mycotoxins
(Jaime-Garcia and Cotty, 2006; Youssef et al, 2003; Bluma and Etchechevery,

2008 and Bluma et al., 2008).
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Some of these fungi not only decrease the yield of crop and the quality
of produced grains but also excrete mycotoxins; e.g. fumonisins, produced by
Fusarium verticilloides (Youssef et af, 2003; Afolabiet al., 2007; Schjoth and
Tronsmo, 2008; Murillo-Williams and Munkvold, 2008 and Eisamra et al,
2012a and b) and affatoxins produced by Aspergillus flavus (Youssef et al,
2003: Frisvadet al., 2007: Accinelliet a/., 2007; Probst and Cotty, 2007 ;Rahimi
et al., 2008; Zitomer et af., 2009; and Diedhiou ef al., 2011 and Elsamra et a/.,
2012a and b). These mycotoxins are known to cause diseases in plants,
animals and humans who eat contaminated food (Takao ef al, 2001; Singh et
al., 2006; Jonathan H Williams et al., 2004 and Boonen, Jente et a/., 2012).

Youssef ef al. (2003) demonstrated that Fusarium sacchari, Fusarium
verticilioides and Aspergiffus flavus are the most prevalent fungi associated
with American maize imported from US.A during the period 1999-2000.
Contamination of maize occurs mostly both in field and store (Bankole and
Mabekoje, 2004). It was found that the extent of fieid contamination by fungi
determined largely by the rate of deterioration of stored corn grains and
subsequent production of mycetoxins (Bennet and Klich, 2005, Singh et al.,
2006 Vanara et al,, 2008 and Zitomer ef al, 2009). - -

it was found that sodium chloride (Thanaboripat ef a/, 1992 and
Chitaree et a/,, 1993) and many essential oils and herbal plant extracts have
antibiotic effects against both A. flavus and F. verticiffoides, and significantly
reduced fuminosins and aflatoxins production (Soliman and Badea, 2002;
Ertaset al., 2005; Kokoska of a/., 2005; Mohsenzadeh, 2007; Dambolenaet a/,
2008, Alopsy, 2010 and Eisamra ef a/,, 2012a and 2012b). -

Therefore, this study aimed to investigate the effect of feed additive
mixtures and some medicinal plant oils mixtures on reducing growth and
mycotoxins production by both Fusariumverticilioides and Aspergiliusflavus.

Materials and methods: :
1. Determination of mycotoxins production potentials of the tested
isolates _
Aspergillus flavus and Fusanium verticilloides isoilated from .samples 200
grains each of damaged corn grains were taken from four lots of grains
imported from U.S.A. from October to December 2011. Isolates are purified,
identified then identification was kindly verified in plant pathology section,
Faculty of Agriculture, Alexandria University. Aflatoxins and fumonisins

. production capability in their cuitures are verified. The Aflatoxins prodtiction

capabiiity of the tested isolate of A. flavus was determined using a qualitative
method (Agar piug), recommended by Frisvad and Thrane (1995). Seven days
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old culture of A. flavus was grown on YES medium and an agar plug was cut
with the help of a flamed cork borer (inner Diameter approx. 04 cmjora
scalpel from the center of the colony.

The plug was removed with a flamed needle and the agar side directly
touched to a thin layer chromatography (TLC plate), for exira cellular toxins,
and the mycelial side of the plug was wetted with a drop of chloroform and
methanol mixture (1: V), then the mycelial side was made to touch the TLC
plate for a few seconds. The diameter of the application spot should not
exceed more than 0.6 cm. The standard and the spot were put on precoated
TLC silica gel plate (20 x 20 cm) according to Frisvad and Thrane(1995).

The spot was left to dry, then, the TLC plates were developed in a
suitable solvent. The eluent TEF (oluene\ethyl acetate \ 90% formic acid
Omixture (5: 4: 1v \v W) was used for Aspergilliaflatoxins (Frisvad and Thrane,
1995). Dry developed TLC plates were viewed in day light and under short
wave 254 nm. UV light plate was sprayed with H,SO, 40 % (H>SOQ, in water as
color reagent). Plates were viewed before and after heat treatment.

The inocutated flasks were kept for 30 days at 25°C (Marin et al. 1999).
Then, the fungal mat was removed and the filtrate was taken with the purpose
of toxins determination. The filtrate was kept frozen at -4°C until determination
(Marin et al,, 1999). The fungal mat was oven dried at 105°C for 16 hours; the
mycelium weight was recorded hefore and after dryness. The mycelium dry
weight was detemined.

Fumonisins producing ability of the tested F. verticilloides, grown on
PSA medium forseven days, was detected using a qualitative method (Agar
piug), recommended by Frisvad and Thrane, 1995and Wiison et al,, 2004. The
method was the same as previously mentioned.

2. Determination of active components in the tested Herbal oils

Thymol and carvacrol were defermined in thyme oil, L-menthoi in
peppermint oil, Carvone and Lemonene in caraway oil, eugenol and thymol in
clove oil and methyl chavicol and anethole in anise oil. Detection grocess was
carried out using GC method recommended by Michail et al. (1994), Edris et
al. (2003) and Aursa et a/. (2008) in Regional Center for.Food and Feed in
Cairo. Furthemore, the main components ratios, as mentioned in (feed
additive mixture analysis certificate according to micro-plus Co, Germany, was
registered and the active components in each tested concentration was
calculated according to the feed additive mixture analysis certificate.
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3. Effects of feed additive mixtures (FAM), individual herbal oils
and their mixture as fungal inhibitors
The effects of FAM, individual herbal oils and their mixture as naturai
fungal inhibitors were tested by using the macrobroth dilution method,
recommended by Nguefack ef al. (2004), where 25 pl of a suspension of each
tested fungus containing 1 x 10° spores/ml were added to 250 m! Erlenmeyer
flask, containing 25 mi of broth (YES or PS) according to tested fungus
(A.flavus andfor F. verticilloides) with various concentrations of ocils or mixtures
(0.1, 0.5, 1% and 2% with or without sodium chloride addition to mimic the
same composition of the two tested feed additives (CAM / PAM used for
feeding cattle and poultry). A. flavus cuitures were incubated without shaking
at 30°C for 8 days and at 25°C for 12 days for F. verticilloides cultures.
4. Determination of Fungal dry weight
At the end of the incubation period, the fungal mat was kept and oven
dried at 105°C for 16 hours according to Aboul Naga and Abou Okada (1979),
the mycelium weight was recorded before and after dryness. The mycelium dry
weight was detemined.
5. Effect of the tested additive feed mixtures (FAM), herbal oils and
their mixtures on mycotoxins formation
The effects of FAM, herbal oils and oils mixtures on aflatoxins and
fumonisins biosynthesis were evaluated by using corn grain (Zea mays) as
substrate. Each tested treatment concentrations was inserted on 100g putified
sterilized maize 1 day before inoculation with a disks 4 mm in diameter were
taken from the margin of the developed fungus on Yes or PSA medium at the
eighth days of the desired fungus A.flavus and/or F. verticilloides (Casa et al.,
1998). Ail parameters were incubated for one month at the suitable

temperature as mentioned above.
6. Detection of fumonisins and aflatoxins
The effect of the FAM, herbal oils and their mixtures with or without
sodium chloride on fumonisin production was determined after 30 days of
incubation at 25°C. For each concentration, three conical flasks 250 mi were
taken and stored at -18°C until extraction was performed. The content of each
sampled flasks was separately ground using a blender. The method used for
fumonisins extraction and sample clean-up was carried out using Frisvad and
Thrane method (1995) and fumonisins estimation was carried out using HPLC
process according to Samapundoet al. (2006) in central lab at Faculty of
Pharmacy, Alexandria University. After fumonisins extraction, the pH of the
sample extracts was adjusted where necessary to values between 5.8 and 6.5
by o-phosphoric acid. After sample cleanup process was achieved, fumonisins
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was then eluted from column by 1% glacial acetic acid in methanol. The mobiie
phase consisted of methanol and 0.1M sodium dihydrogen phosphate was
mixed in the ratio 3.1, respectively. The pH of the solution was adjusted to 3.35
with o-phosphoric acid. The derivatising reagent was prepared by adding Smi
of 0.1 M sodium tetraborate and 50pl of 2-mercaptoethanol to 40mg of o-
pthaldiaidehyde (OPA) dissolved in 1mi of HPLC grade methanol. HPLC
apparatus equipped with a fluorescence detector was used to detect
fumonisins. The same sampling protocol as described for fumonising was used
for aflatoxins determination. HPLC apparatus equipped with a ﬁuorescence
detector was also used to detect aflatoxins. = -

Results and discussion:

Detection of aftatoxins and fumonisins production by A .flavus and
F.verticilloides was performed using the plug agar technique recommended by
Frisvad and Thrane, (1995) and Wilson et a/. {(2004). According to plug agar
technique, spraying with specific colour reagent spray for each mycotoxin
resulted in fluorescence violet and blue colors, characteristic of fumonisins
andaflatoxins observed at their retention times. These findings confirmed the
presence of fumonisins and aflatoxins in the tested cultures of F. verticilloides
and A.flavus isdlates.

1. Active components In the tested Herbal oils and the Feed
additive mixtures (FAM):

The main active components in the tested treatments, presented-in
Table 1 showed that the main group in all the tested oils is composed of
monocyelic terpenes such as limonenene and dicyclic terpenes such as a-
pinene which occurred. Furthemore, phenolic compounds such as anethole in
anise oil, thymol and carvacrol in thyme oil and augenocl and thymol in clove oil
are the main components in the tested oils. In addition, dicyclic akohol was
higher in peppemint oil. These findings are relatively in agreement with
Sulieman etfal. (2007), Dambolena ef &l (2008) and Kozlowski and
Walentowska( 2008).

Main active components in FAM as mentioned in anaIySts certificate
from the origin country (Germany) for poultry and dairy cattle nutritional
process were presented in Table (2), whereas the main components of the
same FAM used as mycotoxins detoxifying agents were calculated according
to the tested concentrations in Table (3). Active components in Tables (2 and
3) indicated that ratios of all the calculated active components applied for
detoxification process were higher than those applied as nutritive agent, except
for sodium chloride. :
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2. Effectiveness of feed additive mixtures (FAM), individual
oils and their mixtures {OM) on inhibiting F.verticilloides and
A.flavus growth:

The inhibitory effect of the tested FAM, individual oils and their mixtures

on fungal growth of F.verticilloides and A.flavus was presented in Tables (4

and 5).

2.1. F. verticilloides:

individual herbal oils in general are more effective in reducing fungal

growth than their mixtures. Clove oil was the best at conc.0.5% (MIC 0.1%),

followed by thyme oil with the same MIC, caraway oil at MIC 0.1%. then

peppermint oil at MIC 0.1% and anise oil. These findings are closely in
agreement with those of Kalemba and Kunicka (2003), Martinez-de Oliveira

(2004); Leopold et a/. (2006) and Reddy et al (2010), who reported that

among 22 studied essential oils, clove, thyme, mint, origanum and cinnamon

were found to possess the strongest antagonistic effect. Furthermore, in case
of FAM and OMs, PAM and its local attemative, OM; were more effective than

CAM and OM; in inhibiting F verticilloides growth, most probably, due to the

essential oil components of each mixture and the synergistic effects among

them. These findings are in hamony with those of Reddy ef a/.+(2008), who
reported that the synergistic interaction between different essential oils
mixtures or between mixtures of oils depends on their individual components.

2.2. A.flavus:

. In case of individual herbal oils, clove oil realized the best growth inhibition,

followed by anise oil at MICs 2% and 0.5%, respectively. These results were in

agreement with those of Kalemba and Kunicka (2003), Reddy et a/. (2009),

Gujar and Talwankar (2012} and Deabes et a/. (2012), who reported that the

synergistic interaction between the -mixtures of oils and their individual

components are too low to be of any practical importance.
The antifungal activity of the tested individual oiis was ranked in the
following order:
¢ F.verticilloides fungal growth mhlbltmn expenment
~ Clove < Caraway <Thyme <Anise < Peppermint < Sodii'm chloride.
» A.flavus fungal growth inhibition experiment:
Clove < Anise < Thyme < Caraway < Peppermint < Sodiumn chloride.
These findings are highiy coincided with those of Erdogan and Daniel

(2C07), Alopsy (2010) and Reddy et a/. (2010).

According to results presented in Tables 4 andS, OM1 without addition
sodium chloride at conc. 0.5% (MIC 0.1%) was more effective in reducing
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fungal growth followed by PAM at 1% (MIC 0.1%). Furthermore, addition of
sodium chioride at concentration 0.5% was more inhibitory. These findings
were in agreement with those reported by Diyaolu and Adebajo (1994),
Castells et al (2009) and Youssef (2009), who found that addition of sodium
“chloride only at concentrations more than 1.7%, were more effective in fungal
growth suppression. On the contrary, OM1 with sodium chloride was less
effective than PAM at low concentrations (0.1% and 0.5%) due to, probably,
the effect of sodium chloride on the reduction of synergistic effects among oil
mixtures . These results were relatively in agreement with those of Kalemba
and Kunicka (2003), reported that the mechanism of essential oil actions
depends on their hydrophilic or lipophilic characters.

3. Effectiveness of feed additive mixtures (FAM), individual oils and -~
their mixtures (OM) on suppressing the production of
fumonisins by F.verticilloides and aflatoxins by A.flavus:

The effect of the tested FAM, individual cils and their mixtures on
suppression the production of fumonisins by F.verticifloides and aflatoxins by
A.flavus was presented in Tables 6 and 7.

3.1. Fumonisins: .

The antifungal activity of the tested individual oils in suppressing
fumonisins production was ranked in the following order: Clove = Sodium
chloride < Thyme < Peppemint < Caraway < Anise. Clove oil completely
inhibited fumonisins produced by F.verticilloides. This result was in harmony
with those reported by Velluti ef a/. (2003), Velluti et a/. (2004) and Leopold et
al. (2008).
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Table{1): Active compoﬁents in the tested herbel oils determined by G.C.

Active " . . .
aompanants Clove Dominance Thy_ma Dominance Anise ol Dominance c:ara_way Dominance peparmint Dominance %
oil % oil % % il % ol!
pgiml .
a-Pinene 1.2097 0.0079 5057 6.5062 6.1029 45.8248 0.9508 00958 1.9426 0.00923
Anethole 6.92 51.964 0.5000 00504
Cinole 0.06 0.451
Terpinol 0.1201 0.0008 0.235 1.7645
Limonsne 1.0477 0.0068 0.5 0.0643 58315 05877 0.7991 0.003796
Phellandrene 1.5068 0.00758
Menthol 20426 97.0306
Benzyl Benzoats 0.4888 0.00318 0.20 0.0257 0.0706 0.0004
Thymol 1081.99* 7.1006 116.35* 14.9694
Eugenol 14283.08* 92.881
Carvacrol 8)g9.6* 78.4300
Camphens . 0.034 0.00437
Carvone ' 984.8937* £9.26 818.3031* 29374
Ox. comp. 15378.8 100.00 0.0801 0.0085
Traces — ——— —
Total 15378.84 100,00 777254 8990007 13.3178 100.00 092.2382 100.00 21048.1305 99,508
NB. * = main component in the tested herbal oil

Ox. comp. = Oxygenic components,
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Table (2): Composition of feed additive mixtures used as animal nutrienis in this study according to Micro-plus Lab.

Germany:
Fewd mixture composition per 100y Dose added for nutrition Active compone& ratio in the diet
. Component  For Dairy  Component ‘ Poulltry Diet Dairy caitie Diet(par2-
For Poult For Poult For Dairy cattle oultry airy cattle Diet{pe

Yo ratie% cattle vetio% Yy v (Per150g/10°g) 3g)lanimal
L-Menthol 8.00 LMenthal 4 4q 1S0gM000Kg  ‘2-3g fanimal *daly  12¢10° 0.048-0.072
(Peppemint} {penpermint) ;
Eugenol Thymol . 6 ' i

) — — 10 ) )

(dove) 2.00 (Thyme) 125 3x 0.025-0.0375
Ansthole L-Carvon :
(Anise) 3.40 Caraway) 098 — — 5.1%10° 0.0196-0.0204
Sodium Sodium ]
Wloride B86.6 chigride 95.37 —— —_ 120.9+10° 1.9074-2.8611
Total 100% Total 100%

N.B. FAM= feed additive mixtures.

N.B=* Anim a weight varied between 350 kg to 580Kg. These mixtures are added at the rate of 150 g per kg diet in the case of paullry, while in the case of dairy
cattle the other stnacture was added with average of 2 gramsta 3 grams per daily diet according to anima! body weight, which ranges between 350 kg to 580 kg.
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Table (3): Calculation’ of the main active components ratios in each feed
additive mixtures (FAM).

Main active components (ma/Kg)

FAM Treatment

L.menthole Eugenot Anethole ::gm
Pouitry 0.1% 0.008 0.002 0.0034 0.086
jixt
ey 0.5% 0.04 a.01 0.017 0.43
1.0% 0.08 0.02 0.034 0.88
2.0% 0.16 0.04 0.068 1.72
' Main active components (mg/Kg)
FAM Treatment s
odium
L.menthole Thymal Carvon chicrids
Dai 0.1% 0.0024 0.00125 0.60098 0.08537
y
cattle 0.5% 0.012 0,00625 0.0049 0.47685
mixturs
(CAM) 1.0% 0.024 0.0125 0.0088 0.9537
2.0% 0.045 0.025 0.0196 1.9074
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Table (4). Effectiveness feed additive mixtures (FAM), of individual oils and
their mixtures (OM) on inhibiting F. verticilloides growth.

FAM and OM Individual oils.
c Av:gage Growth Con Averageof Growth
Treatment ‘;‘“" 5 ,ig’gt inhibition | Treatment c.  Dryweight inhibition
ER% % (@) ER%
(g}
F.v.control 0o 227 0.0 F.v. control 00 227 0.0
o4
0.1 0.117 04.845 a 1,120 50.66
P""'";':"““" 05 0.110 95.154 N 057 0400 82,370
(Pw) 1= 0.04 98.238 hy ] 0574 74.18
2 0.583 74317 ] 0.800 72.18
0.1
o 0.1 0.0454 88.00 1 1200 48.04
g',"“":‘i"“ 1 85 0.0079 99652 | Peppermint 0> 1,000 55,597
¢ d_')ChI" m‘““d’ 1~ 1.365 39,868 oit ] 1.203 48.75
o 2 1.839 18,987 2 1.534 32.56
0.1 .
L 01 1.800 16.740 - 0.150 92.995
g;.' ""‘;:‘;’;;d 05 1.841 18.899 Clove ol 05 0.6002 99.991
{ &L"Lﬂ 1S0d 4= 0.164 02.775 ove oi : 0.00 100.0
2 0.138 93,921 ) 0.00 100.0
041 210 7.480 01" 0163 95.455
Dairy Cattle 05 1.007 55.839 1.107 95.300
mixture (CAM) 1= 1.48 37007 | Carawayoil 055 1204 45.790
2 2204 2907 ] 1.500 33.640
— 04 0.868 81762 9.1 1817 28,530
Oil mixture2 455 1.225 46.035 o 0.5 1.400 38,307
{OMy) withowt - Anisa oil -
(OMa withows 1 1.302 38.678 1 1.000 55 845
2 1.587 30.088 2 854 2782
- DA 1779 21.630 :
Ofl mixture 2 05 1.477 34.934
(OMy) with Sod. - 2180 3.065
Chiloride 2 5.084 -12.396 ‘
54 0.950 28.505 0.1 3.476 53128
05 1.078 52511 Sodum 05 2979 3121
PN + CAM 1= 0.833 72.115 chloride 1 2198 03128
2 0.650 71386 2% 1419 37,439
oK 5.811 50.686
05 0.252 88.904
OMy+ OM, 1= 0.788 65.302
2 4490 -53.877
0.1 0.08395 0.1 0.1581
L.S.D.008 for 0s 0.08555 L.S.Dg0s 05 0.1184
congG.  fad 0.1304 for cone 1= 0.26499
2 0.2018 2 0.44223

(*=MIC {minimum inhibitory Yconcenration}.
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Table (§): Effectiveness of feed additive mixtures (FAM), individual oils and
their mixture (OM) on inhibiting A.flavus growth.

FAM and O-M ndividual cils
Cone Average of Growth Conc, A ofl n' 2ge Growth
Treatment % * Dryweight inhibition Treatment : woigrgt inhibiton
(g) ER% ER%
Afcontrol. 0.0 0.54 0.0 A.f.control 0.0 0.54 0.0
;::‘:t':{ _ 0.1 110 -103.70 04~ 045 16.67
oy 05 078 -40.74 thmecl 05 0.46 -14.81
) 1 0.74 .37.04 hym 1 0.73 -35.18
7 0.40 25.925 2 0.57 -5.556
I 0.1 0.52 3.704 Q.1 0.47 12.960
Off mixture 1~y ¢ 0.61 -12963 | Peppermint 05 0.63 -18.67
(OMy) without - "
(OM:) o 1 . ass8 22223 oil 1 1.14 111,12
- 2 165 -205.556 2 0.00 -88.67
o .0 0.80 -87.037 0.1 0.81 -12.963
Oil mixture 1~ 1 ¢ 1.01 _ -85.185 . 0.5 0.48 14.815
(OM;) with 1 1.00 111 Clave ol 1 0.45 18.67
sod. chloride . 0.43 20.370 2+ 0.21 61.12
- X 072 33.034 0i= 047 12.063
Da‘[gj:;"" Qs 0.44 882 | o 05 0.51 5556
1 0.40 25.92 ¥ 1 " 0.54 0.000
o= 0.33 38.88 2 0.54 2.000
o 0.1 0.11 1.852 0.1 0.38 20.829
Oil mixtura 2, o 0.53 -88.518 o 05* 029 46,296
(OMz) without 1 0.91 88.421 Anise oil 038 20.629
sod. chloride : T~ 1 . )
2 1.7 217 2 0.50 7.410
o mixturez 07 1.42 -162.963
05 0.3 72.273
(OM2) with
O 1 0.82 14.815
2% 051 5.558
0.1 0.841 -55.741
D o1 .
N5 o 7929 | sadium 05 o7 -32.592
oM, + OM: : : -8 chioride 1 0645 -0.928
1 0.91 -68.519 S a5ee Py
2 1.71 -216.667 -4 :
o 052 3.704
05 061 -12.983
+
PM + CAM 1 0.66 22223
2 1,85 -205.556
01 010522 01 004672
LS.Das kir 05 0096 L.S.Daw for 0.5 005131
conc. 1 0.1978 conc 1 0,05001
: 2 0.3884 2 004202

(**=MIC { minimum Inhibitory concentration).
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Tables {6): Efficacy ratios(ER %) of the tested mixtures and their individual

oils on fumonisins (Fums) inhibition.

FAM and OM Individual oils
Average FUMS. Average FUMS.
Treatment c‘,’,.""' FUMS.  _inhibifon | Treatment c"%“‘" FUMS.  inhibltion
{ppm) ER% (Pom) ER%
Control + g Control +
el 0.0 49.432 0.0 Maizs 0.0 227 0.0
;?;“’V 0.1 37.368 24,409 0.1 33.138 33,138
('H;I"’ 0.5 36714 25,728 Thyme oil 0.5 35.230 35230
) 1= 36.713 25730 1 33.624 33.624
2 36.850 25.453 2 30,381 30.381
ol o1
mixturs 1 0.1 48.882 01.113 : 22218 22218
(OM}) 0.5 48.962 09508 | Peppermint ...  24.421 24,421
without 1 50,847 -2.8625 oil . 25,271 25.271
Sod. 2 51.467 41168 : 25,494 25 494
Chioride
- :;'m . o 49,007 0508 0.1 92 505 92,505
4 05~ 48.962 0.6508 . - 100.0 100.0
(Or;:::-th 1 50.802 27715 Clove oif o'f 100.0 100.0
ol 2 51852  -4.8956 ] 100.0 100.0
g;‘{l‘; 0.1 38.220 22,682 0.4 23.023 23.023
a 05 37881 23367 ) 05 24134 24.134
"(“‘:’:;" 1 37.775 23.582 Caraway oil 1 25.008 25.006
) 7~ a7.156 24,834 2 24.440 24,440
oil
mixturs 2 0.1 46,902 05.118 0.1 04.845 04.845
(OM2} 0.6~  49.097 06.777 Anise o 05 . 04.268 04.268
without 1 59.632 20534 i= ' 02498 02498
Sad 2 76.987 55743 2 01.590 01.500
Chlorids
mixrez 017 47102 47135 - a4 -17.743 17743
(Mg wite 05 40.636 0.4127 Sodium s 46,8109 48,3190
) o 1 49722 -0.5867 chioride . 80.0655 80.0655
e 2 74.222 -50.149 e 100.00 100.00
LSDass 01 367767 LSDow for 0.1 0.2231
for cone. 0.5 0.59391 cone 05 0.0989
% 1= 0.80114 % e 0.1388
2 0.56755 2 0.84025

(**~MIC { minimum inhibitery concentration).
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Table (7): Efficacy ratios(ER %) of the tested mixtures and their individual
oils on aflatoxins {Afla) inhibition.

FAMand OM Individual oils
Afla
Average P Average Afla
Treatment C::c. Aflatoxin mh':'tm Treatment Cone. Aflatoxin inhibition
(ppb} ER% (ppb) ER%
Control + Control +
Maize 0.0 49, 203 - Moize 0.0 49,203 0.0
;‘:‘;‘t‘:’r{ o 41.042 16.586 0.1+ 18.419 62.565
Py - 05 38.855 21.031 Thyme ol 0.5 18.433 62537
1 31.214 36.391 1 19.159 51.061
= 18.449 52.504 2 20.575 56.183
°i,'! '(‘g;“‘)” .1 18,276 62858 0.1 30718 19.278
withm“ 0.5 18.508 62.388. | o ormint oil 0,5 38.474 18.773
Sod. 1 27.689 43725 PP 1= 38.809 21.125
Chioride 2 53.004 -07.908 2 38.914 20.911
Oil mixture g 4= 18.969 61.447 0.1 50.549 02736
, 05 20.609 58.114 , 05 20292 58759
‘OE'S‘L:_'“ 1 37.380 24.009 Clove ol 1 19.623 80.118
Chioride 2 43.418~  11.755- g 18.406 62592
CD:‘H‘;’; 0.1 42 885 12.830 0.1 44 404 09.753
. 05 19.766 59.828 . as 44,066 10.440
“(‘(':’:‘;)’ 1 19.638 gooss | Carawayoil 1 38879 20.982
2= 18.839 61.712 2 40.773 17.133
Qi mixture
2 0.1 18.599 82,199 a1 39.613 19.084
{oMz) 0.5 33.869 31.185 Anise oll 0.5 22509 54.253
without 1 39.158 20.413 ol 1 18.979 59.395
Sod. 2 41734 15,180 o 19.263 £0.850
Chioride
Ofl mixture g4~ 20,854 57.616 0.1 52.823 7.3573
(OMy) with 0.5 38.774 21.198 Sodium 05 27.891 43.314
Sod. 1 39.508 16.702 chloride 1 16.408 66,858
Chioride 2 45.149 08.239 Vo 53239 89.180
LSD .1 1910728 0 2.2361
for ;D';: 0.5 1.914188 L.8.D.ocs for 0s 2.04291
s 1 1.751211 conc% 1 1.81236
2 1792422 2 481208
(**=MIC ( minimum inhibitory concentration). .
151

Vol. 18 (1), 2013



J. Adv. Agric. Res. (Fac. Agric. Saba Basha)

FOAM were more effective in reducing fumenisins than OMs, which
may due to the occurrence of some forms of contradiction forces among OMs
essential oils. Furthermore, FAM can be sometime acting as individual herbal
oil due to its content of active components which occurred approximately in
equilibrium form, whereas this form of equilibrium was broken in case of certain
OMs because of the occurrence of small ingredients or traces, which may
hinder or support the work of essential components according to their
structures and types. These explanations agreed with those of Reddy ef al.
(2010). On the other hand, synergistic effects among oils of OM; were very
strong, compared antagonistic effects occurred among oils of OM1 which may
explain their behavior in reducing mycotoxins. These findings were in great
simulator with those of Mert and Ekmekgi (1987), Akgl lef a/{1988) and
Youssef (2009), who found that there were disadvantageous antagonistic
effects weakening the essential oil action as compared with their constituents

(Table 1, 2 and 3).

3.2. Aflatoxins:
The antifungal activity of the tested individual cils in reducing aflatoxins

production was ranked in the following order: Sodium chloride < clove <thyme
< anise < peppermint < caraway. Clove oil has showed a maximum antifungal
activity against both of the tested fungi. These coincide with those of Mert and
Ekmekgi. (1987), Sulieman ef al. (2007), Dambolena ef a/. (2008) and Zyani ef
al. (2011). In addition, it was noticed that those essential oils of peppemint;
caraway and anise had moderate effect against these fungi. The present data
were highly coincided with those of Chitareeet a/. (1993), Mohsenzadeh
(2007), El Nekeetyetal (2011) and El-HaObib (2012). Moreover, data of the
antifungal effect of thyme il were similar to those of El Nekeetyet a/. (2011)
and Sumalan et a/. (2013).

Results presented in Table 4,5 ,6 and 7 showed aiso both of feed
additives (PAM and CAM) and oils mixtures (OM; and OM;) were more
effective in reducing fungal growth than mycotoxin production in case of
F.verticilloides, whereas the contrary was observed in case of A. flavus.
These were in line with those of Le Bars et al. (1994), who mentioned that
mycotoxin production was inversely proportional to fungal growth.

OM,; and OM; with or/and sodium chioride are less effective against
fumonisin producion by F.verticilloides than FAM, whereas they exerted the
same effectiveness against aflatoxin production by A.flavus. Similar
conclusions were recorded by Kalemba and Kunicka (2003), who reported that
oil mixture exhibited iks dependence on fungal species and oil mixture
structure. The combined use of ¢ils mixture and sodium chloride exhibited a
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synergistic antifungal effect in case of A. flavus only. Furthermore, strong
synergism between essential oils and food additives components may lead to
using smaller amounts of flavored food preservatives. On the other hand, our
results may explain that the addition of substaOnces individually almost
achieved the best results. This explanation was in line with that recommended

by Reddy et al, (2009).

Conclusion:
The addition of feed additives mixtures (FAM) at the tested percentages

can be used as detoxifying agent beside its initial role as nutritive agent. The
attempt of using oil mixtures (OM; and OM;) as alternatives to FAM was failed
in inhibiting fumonisins production; however it can be considered a successful
alternative to FAM in reducing aflatoxins production and F.verticilloides growth.
The addition of medicinal oil to maize grains individually realized the best
results in reducing fungal growth and mycotoxin production. Sodium chloride
can be added to feed at 2% as a cheap detoxifying agent beside its nutritive
role as source of sodium and chloride. Further nuiritive studies must be applied
to accomplish the nutritive value of the succeeded treatment ratios which

reduce fungal growth and mycotoxin production.
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