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Abstract: Two additives (bacterial inoculants and enzymes) were tested for their effects on fermentation
characteristics, in vitro digestibility, mold counts and aflatoxin content of comn silages. Whole plant
cormn (one half milk line) was ensiled after the following treatments: untreated (CON); bacterial inoculants (B)
at 10° CFU g™" of fresh forage; Enzymes (E) at 100 17 g of fresh forage; mixture of bacterial inoculants and
enzymes at 10° CFU g™ and 100 U7 g ™" of fresh forage, respectively (B+E). All the additives influenced the lactic
acid, acetic acid, ammoniacal nitrogen content and In vitro Dry Matter Digestibility (IVDMD) (p<0.05). The E
and B+E mfluenced the Crude Protein (CP), Neutral Detergent Fiber (NDF) content, /» Vitro Neutral Detergent
Fiber Digestibility (IVNDFD) and I Fitro Crude Protein Digestibility (IVCPD) (p<0.05). Aflatoxin content and
mold counts for treated silage were lower than untreated silage (p<0.05) throughout the air exposure stages
(0, 1, 5 and 10 days). Aflatoxin content was below the detection limit (0.01 ppb) mn B treated silage after O day
exposure to air and in B+E throughout the air exposure stages. Researchers recommend the application rates
of enzymes at 100 U7 g™' of fresh forage or bacterial inoculants plus enzymes at 10° CFU g ' and 100 U g™ of

fresh forage, respectively to improve fermentation quality and aerobic stability of corn silage.
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INTRODUCTION

Silage additives are used to improve silage quality
and inoculations and enzymes are the most popular
silage additives. Lactic acid bacteria were traditionally
developed for the purpose of rapidly producing lactic acid
and lowering pH in order to mmprove the efficiency of
the fermentation process (Filya, 2003) and ammal
performance as indicated by increased milk yield, weight
gain and/or feed intake (Kung et al., 2003). The primary
function of enzymes is to break down forage fiber during
fermentation which renders the silages more digestible
during feedout. The brealdown of complex carbohydrates
in forage into soluble sugars also helps bacteria produce
lactic acid which helps to lower silage pH. Mixtures of
moculations and enzymes have also been employed to
improve fermentation by releasing additional WSC
from the plant cell wall or storage polysaccharides
(Sheperd et al., 1995). However, the results from these
provisional studies have been inconclusive about
the effectiveness of these additives. For example,
Umana et al. (1991) found no marked improvement after

using lactobacillus  additives in silages whereas
Bureenok et al. (2005) reported that inoculants increased
acidity and lowered the ammonia-N content of silages.
Weinberg et al. (1993) reported that enzymes did not
affect the fermentation of silages whereas Sheperd and
Kung (1996) found that enzymes improved fermentation
by providing extra substrate. Therefore, production must
be evaluated before these additives become widely used.

The stability of silages after exposure to air is also a
very important factor in determining its subsequent
nutritional quality and feeding value (Filya, 2004). All
silages exposed to awr will deteriorate, due to aerobic
microbial activity which can negatively influence silage
quality and farm profitability (Tabacco et al., 2009) and
even produce mycotoxins such as aflatoxm. Aflatoxin 1s
a strong chemical carcinogen with strong teratogemicity
and mutagenicity and is mainly produced by 4. flavus and
A. parasiticus (Richard et al., 2009). Maing et al. (1973)
were the first to study the effect of lactic acid
bacteria on aflatoxin. Coallier-Ascah and Idziak (19835),
Karunaratne et al. (1990) and Gourama and Bullerman
(1995) reported that lactic acid bacteria could produce
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metaboling that affected the biosynthesis of aflatoxin.
El-Nezami et «l (1998) summarized the restraint
mechanisms used by lactic acid bacteria on aflatoxin and
suggested that three mechamsms were involved: reducing
fungal growth by lowering the pH; producing metabolites
that restrict fungal growth or transform the mycotoxin into
mnocuous or harmless compounds; combine with the
aflatoxin. However, all of these studies were based on
microorganism culture methods. There have been few
studies that have concentrated on silage.

One objective of this study was to determine the
effect of two additives on the fermentation characteristics
of corn silages. A second objective was to mvestigate if
bacterial inoculants and enzymes could reduce aflatoxin
production during silage exposure to air.

MATERIALS AND METHODS

Corn and ensiling: Com (Keduo No. 8 from CAS, China)
was grown at the Research Station of China Agriculture
University, Inner Mongolia (43°56'N, 118°03'E) in April
2011. The temperature range and total precipitation during
the growing season were 17.7-27.9°C and 50 mm,
respectively. The cormn was harvested at the one half milk
line stage (in mid August) and chopped into 10 mm
lengths using a conventional forage harvester. The
chopped forages were mixed and divided mto equal
portions so that the four treatments could be applied.
These were: untreated (CON); bacterial inoculants,
B, Lactobacillus rhamnosus >6x10" cfu g™, Lallemand,
Canada) at 10° cfu g of fresh forage, enzymes
(E, cellulase, glucosidase, avicelase and xylanase,
30000 U g™, Snowbrand, JTapan) at 100 U g™ of fresh
forage and a mixture of bacterial moculants (Laciobacillus
rhamnosus >6x10" cfu g7, Lallemand, Canada) at
10° CFU g' of fresh forage and enzymes (cellulase,
glucosidase, avicelase and xylanase, 30000 17 g™, Snow
brand, Tapan) at 100 U7 g7' of fresh forage (B+E). The
additives were diluted in deiomized water and applied
using a hand sprayer at the rate of 2 mL kg™ of corn. The
same deionized water was sprayed onto the untreated
corn. EHach treatment was replicated four times. All
treatments were ensiled in bags (1 m’) used for ensiling
(approximately 600 g m™), vacuum sealed and stored in
the laboratory at an ambient temperature (25+2°C) for
60 days.

After opemuing the bags, the silages were divided
mto two parts. One part (about 100 g) was used for
determining fermentation and s vitro digestibility. The
other was subjected to mold counts and aflatoxin testing
after 0, 1, 5 and 10 days exposure to air. This part (about
500 g) was loosely placed n a polystyrene box and
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allowed to aerobically deteriorate at a constant room
temperature (25+£2°C). The top and bottom of the boxes
contamed a 2 cm diameter hole which allowed air to enter
and CO, to leave. The silages were sampled after 0, 1, 5
and 10 days of exposure to air in order to determine the
mold counts and aflatoxin content.

Determination methods: The fermentation mdices were
measured using the following methods: 20 g of the
sampled silages were homogenized in 180 mL of distilled
water for 1 min at high speed (12000 r min™"). The
resulting suspension was filtered through four layers of
cheesecloth, centrifuged for 20 min at 27,500xg and the
pellet discarded. Samples of the supernatant were used for
pH, lactate, VFA (lactic acid, acetic acid, propionic acid
and butyric acid) and NH,-N analyses. The pH of the
filtrate was measured with a pH meter (PHS-3C). Lactic
acid, acetic acid, propionic acid and butyric acid were
measured by HPLC (SHIMADZE-104, Shimadze, Japamn)
according to Owens et al. (1999). The HPLC System
consisted of a Shimadzu System Controller (SCT.-10A) and
a Shodex Rspak KC-811 S-DVB gel Column (300x8 mm) at
a column temperature of 50°C. The mobile phase was a
sclution of 3 mmoel perchloric acid at a rate of 1 mL min™".
The injection volume was 50 upl.. A UV detector
(SPD-10A) was used and analyses were carried out at
210 nm. Ammoma-N (NH,-N) was determined by the
Pbenol-Hypochlorite Colorimetric Method according to
Broderick and Kang (1980) and DM was determined by
oven drying at 65°C for 48 h. Crude Protein (CP) was
determined using the Kjeldahl Method (AOAC, 1995) and
Neutral Detergent Fiber (NDF) and Acid Detergent Fiber
(ADF) were analyzed according to Van Soest et al. (1591).
Water-Soluble Carbohydrate (WSC) was determined by
the Deriaz (1961) Method. Starch concentration was
determined according to the methods of the Association
of Official Analytical Chemists (AOAC, 1995) using a
K-AMYL assay kit (Megazyme International, Bray,
Ireland). A two-step approach was used to determine
In Vitro Dry Matter Digestibility (IVDMD), In Vitre Crude
Protein Digestibility (IVCPD), In Vitro NDF Digestibility
(IVNDFD) and In Vitro ADF Digestibility (IVADFD)
(Tilley and Terry, 1963). Mold counts were enumerated by
pour plating m Standard Methods (M124) agar contamning
40 mg kg~ of chloramphenicel and chlortetracycline
(Bandler et of., 1998). Aflatoxin was determined using
the Immunoaffinity column (Aflatest) method of the
Association of Official Analytical Chemists (AOAC,
1995).

Statistical analysis: Microbial data were converted to
log,; and presented on a fresh weight basis. The mold
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counts and aflatoxin content after 0, 1, 5 and 10 days
exposure to air were analyzed using the GLM procedure
according to the model for a 3x3 factorial treatment
design:

Y, = uHL+THIxT) +e,

Where:

Y; = Dependent continuous variable
i = Overall mean

T, = Effect of additives

T, = Effect of time of air exposure

(IxT),; = Effect of interaction between the additives and
the time of air exposure

& = Error term

The fermentation indices, chemical composition and
in vitro digestibility at bag opening were analyzed for
their statistical sigmficance via ANOVA using the SPSS
Version 16 (SPSS Inc., Chicago, 11). Differences among
means of treatments were compared by Tukey range test.
The differences were considered significant when p<0.05.

RESULTS AND DISCUSSION

The chemical compositions (DM basis) of fresh
chopped whole plant corn prior to ensiling are shown
in Table 1. It had DM content of 227 g kg™', starch
ADF of 558 and 255 g kg™'. Additionally, it also had
558 g kg™' of hemicelluloses and <0.0001 ppb of aflatoxin.

Table 1: Chemical composition of fresh whole-plant corn before ensiling

Compositions Corn SE
DM (gkg 1) 27 0.20
Starch (g kg™ DM) 187 0.40
WSC (g kg™ DM) 66.3 0.17
CP (g ke™! DM) 113 0.10
NDF (g kg™ DM) 558 110
ADF (gkg™ DM) 255 0.50
Hemicelluloses (g kg™ DM) 303 0.80

Aflatoxin (ppb of DM) <0.0001 -
DM: Dry Matter; WSC: Water-Soluble Carbohydrate; CP: Crude Protein;
NDF: Neutral Detergent Fiber and ADF: Acid Detergent Fiber.
Hemicellulose: NDF-ADF

The fermentation quality and chemical compeositions
of the com silages after 60 days of conservation are of 187
shown in Table 2. The pH value of all silages at bag
opening was below 4.0 and E and B+E were lower than
CON (p=<0.05). The treated silages had higher (p<0.05)
lactic acid and acetic acid contents than the CON whereas
the ratio of lactic/acetic acid n B treatment was higher
compared to the CON (p<0.05). Traces of propionic acid
were found in this study but butyric acid was below the
detection limit (<0.01% of DM) in all silages. All
treatments influenced the ammomacal mtrogen (NH,-N)
content (p<0.05). The E and B+E mfluenced DM, CP and
NDF contents (p<0.05) but E also increased WSC content
(p<0.05). However, there were no significant differences
in starch and ADF contents between treated and
untreated silages (p<0.05).

In vitro digestibilities of corn silages are reported in
Table 3. All the additives treated silages increased
IVDMD (p<0.05) compared with the CON. The E and B+E
also significantly increased (p<0.05) IVCPD and IVNDFD.
However, none of the additives influenced IVADFD.

The aflatoxin content and mold counts of the silages
after exposure them to air are shown m Table 4. The mold
counts n the treated silages were lower (p<<0.05) than the
CON throughout the period of air exposure. After 0 day
exposure, all the additives especially B and B+E had lower
aflatoxin contents than the CON (p<0.05). Lower aflatoxin
levels were also detected mn the treated silages compared
with the CON after 1, 5 and 10 days exposure (p<0.05).
The aflatoxin contents of the B+E silages were below the
detection limit (0.01 ppb) throughout the air exposure
stages.

The DM contents of whole-plant com in this
study were below the mimimum DM content of 24.7%
recommended by Castle and Watson (1973) to ensure
successful ensiling. In order to improve fermentation, lngh
density ensiling was used (approximately 600 g—) in this
study. WSCs were within the range needed to obtain

Table 2: Fermentation guality of whole-plant corn silages treated with or without additives

Treatments
Cormpositions CON B E B+E SEM p-value
pH 378 38 3.66° 3.65° 0.031 0.005
Lactic acid (g kg™! DM) 7170 90.5° 95.00° 101.60* 0.240 <0.001
Acetic acid (g kg™ DM) 21.70¢ 239 26.60° 29.00° 0.150 0.007
Lactic:Acetic acid Ratio 330 3.8 3.60% 3.50% 0.170 0.021
Propionic acid (gkg™ DM) 0.90 0.9 0.70 0.80 0.010 0.133
NH:-N (gkg™ TN) 16.80° 14.3° 13.60° 13.20° 0.100 0.024
DM (gkg™) 250.00° 243.0¢ 222.00¢ 218.00¢ 0.600 0.002
WSC (g kg™ DM) 9700 990 12.500 10.70° 0.080 0.005
Starch (g kg™ DM) 196.00 203.0 200.00 202.00 0.400 0.245
CP (g kg ! DM) 114.00° 118.0¢ 121.00¢ 119.00¢ 0.400 0.082
NDF (gkg™! DM) 527.00° 510.0¢ 497.00° 504.00¢ 0.700 0.016
ADF (gkg™! DM) 267.00 273.0 262.00 253.00 0.800 0.131

Within each row, means followed by different letters differ significantly (p<0.05); CON: Control, no additive; B: Bacterial inoculant; E: Enzyme; B+E:

Bacterial inoculants plus enzyme
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Table 3: Jn vitro digestibility of whole-plant corn silages treated with or without additives

Treatments
Compositions (g ke™) CON! B E B+E SEM p-value
IVDMD 506.9 533.5 578.¢¢ 567.2 Q.80 <0.001
IVCPD) 492,50 501.1° 566.9 586.4= 0.58 <0.001
IVNDFD 414.5" 424.2° 484.1* 471.1* Q.67 <0.001
IVADFD 273.5 273.4 282.5 269.8 0.71 0.160

Within each row, means followed by different letters differ significantly (p<0.05); CON: Control, no additive; B: Bacterial inoculant; E: Enzyme inoculant

B+E: Bacterial inoculants plus enzyme

Table 4: Changes in aflatoxin contents and mold counts for the silages treated with or without additives after air exposure

Treatments

Contents Air exposure (day) CON B E B+E SEM p-value
Molds (Ig cfug™) 0 1.8% Lo5 146 0.55¢ 0.07 <0.001
1 2240 1.76° 2.05° 0.8 0.12 <0.001

5 3.78 212 2.63° 1.02¢ 0.04 <0.001

10 4,69 3410 3.55 1.51° 0.10 <0.001

Aflatoxin content (ppb of DM) 0 0.3 0.00¢ 0.13° 0.00r 0.02 <0.001
1 0.64° 0.15° 0.33° 0.00¢ 0.02 <0.001

5 247 1.08 1.69* 0.004 0.02 <0.001

10 6.92° 2.9¢ 3.04° 0.00° 0.04 <0.001

Within each row, means followed by different letters differ significantly (p<0.05); In the GLM procedure, the effects of additives, day and additives x day were
highly significant for all parameters; CON: Control, no additive; B: Bacterial inoculant; E: Enzyme inoculant; B+E: Bacterial inoculants plus enzyme

good fermentation rates (Rooke and Hatfield, 2003) and
the aflatoxin content was under the detection limit
(0.01 ppb).

Successful ensiling requires epiphytic Lactic Acid
Bacteria (LAB) and WSC to produce sufficient lactic acid
for rapid pH reduction (McDonald et al., 1991). The
primary fermentation acids were lactic acid and acetic acid
in this study, the pH value of all the silages was
below 4.0 and there was no butyric acid which indicated
that the growth of undesirable microorganisms had
been successfully restricted at the beginning of ensiling
(Arriola et al., 2011). The ratio of lactic acid and acetic
acid m B was higher than in the CON, reflecting its higher
capacity for lactic acid production. The NH,-N/TN of
treated silages n this study was lower than the CON. This
1s consistent with earlier results of Stokes (1992) and
Cai et al. (1997) who both reported that microorgamsms
or enzyme additives could reduce NH,-N/TN content.
Ammoniacal Nitrogen (NH,-N) 1s produced by rot bacteria
and reflects the degradation levels of proteins and amino
acids during ensiling. The low NH,;-N concentration may
be attributable to the sharp decline in pH which would
rapidly inhibit aerobic microorganisms and plant enzymes,
resulting in a reduction in protein degradation during the
fermentation process.

The WSC concentration in the silages mn this study
were lower than m the fresh crops, probable because
WSC was consumed by plant metabolism and microbial
activity during ensiling. The purpose of adding cell wall
degrading enzymes during ensiling such as cellulases and
hemicelluloses 1s to change the cell wall content into WSC
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for lactic acid bacteria utilization. Ozduven et al. (2009)
also reported that a mixture of lactic acid bacteria and
enzymes decreased neutral detergent fiber content. Thus,
higher concentrations of WSC were seen in the E treated
silages in this study and lower NDF concentrations in E
and B+E treated silages, compared with the control. The
NDF and ADF results in the B treated silages in this study
contradicted the results of earlier research (Baytok et al.,
2005, Filya, 2003) which did not observe a reduction in the
cell-wall fractions for inoculated silages, compared to the
control. The reason may be that these substrates cannot
be used by lactic acid bacteria directly. The increased CP
content in E and B+E 1n this study could be attributed to
higher DM losses in these silages, compared to the
control.

Bacterial moculation n this study mmproved the
in vitro digestibility of DM. This 1s consistent with
the study of other researchers (Harrison ef al., 1989,
Aksu et al, 2004) who reported mcreased DM
digestibility in grass, alfalfa and corn silages after
inoculation but contradicts other studies that reported a
lack of improvement in the digestibility of silage after
inoculation (Sanderson, 1993; Filya, 2003). However,
Tengerdy et al. (1991) reported that the TVINDFD of alfalfa
silages could be improved by enzymes and Sheperd and
Kung (1996) showed that the treatment of maize
(Zea mays L.) silage with an enzyme additive inproved
in vitro NDF digestion. This study’s results were
consistent with some of the earlier studies. Ozduven ef al.
(2010) also reported that enzymes and a lactic acid
bacteria plus enzymes mixture decreased neutral detergent
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fiber content and increased the in vitro dry and organic
matter digestibility of silages which was consistent with
the results of this study.

Aerobic deterioration of silage is a complex process
which depends on many factors. During exposure to air,
fermentation acids and other substrates are oxidized by
aerobic bacteria, yeasts and molds (McDonald et al.,
1991). The treatments affected mold counts and aflatoxin
content in this study. Mold counts in treated silages
were lower than the CON from 0-10 days exposure.
Kleinschmit et al. (2005) found that the reduced fungal
populations in silages treated with LAB or LAB-enzymatic
additives. This suggests that the additives influenced the
growth and reproduction of molds. Alflatoxin production
requires many factors such as oxygen, temperature and
moisture (Bandler et al., 1998) to be right. Based on the
result that aflatoxin content before corn ensiling was
below the detection limit (0.01 ppb) it can be concluded
that the aflatoxin detected after 0 day exposure was
produced during ensiling and the effects of B and B+E
were better than E after 0 day exposure. This indicated
that the environment present in the bacterially (B and
B+E) treated silages influenced aflatoxin production
during ensiling. Higher aflatoxin was detected after 1, 5
and 10 days exposure compared with 0 day exposure in all
silages except the B+E (<0.01 ppb). Furthermore, the
aflatoxin content in treated silages was significantly lower
than in untreated silages after 1, 5 and 10 days exposure.
This suggests that the additives especially B+E,
influenced the production of aflatoxin during exposure to
air by maintaining a lower pH value in the silages which
led to the production of metabolites from lactic acid
bacteria that helped restrain the fungus, transform the
mycotoxin inte innocuous or harmless compounds or
combined it with lactic acid bacteria (El-Nezami et al.,
1998).

CONCLUSION

The application of enzymes or bacterial inoculants
plus enzymes accelerated the fermentation process,
improved the TVDMD, TVCPD and reduced the aflatoxin
contents and mold counts for whole plant comn silages. In
addition, E and B+E reduced the NDF of the silages
and increased the IVNDFD. The recommended ratio
of enzymes is 100 U g™ of fresh forage 4-8% of FW
while bacterial inoculants plus enzymes at 10° CFU g™
and 100 U g of fresh forage, respectively produce
high-quality with a good aerobic stability.

ACKNOWLEDGEMENTS
The funding of this research by the Special Fund

for Agro-Scientific Research in the Public Interest
(201303061) is gratefully acknowledged. And the financial

880

support of the national Forage Industry System
(CARS-35) is gratefully acknowledged. The researchers
declare that they have no competing financial interests.

REFERENCES

AOQAC, 1995 Official Methods of Analysis of the
Association of Official Analytical Chemists.
16th Edn., AOAC, Virginia, USA
ISBN-13: 9780935584547,

Aksu, T., E. Baytok and D. Bolat, 2004. Effects of
a bacterial silage inoculant on corn silage
fermentation and nutrient digestibility. Small
Rumin. Res., 55: 249-252.

Arriola, K.G., 8.C. Kim and A.T. Adesogan, 2011. Effect of
applying inoculants with heterolactic or homolactic
and heterolactic bacteria on the fermentation and
quality of corn silage. T. Dairy Sci., 94: 1511-1516.

Bandler, R., M.E. Stack, HA. Koch, V.H. Tournas and
P.B. Mislivec, 1998. Yeasts, Molds and Mycotoxins.
In: FDA Bacteriological Analytical Manual, FDA
(Ed.). 8th Edn. Association of Official Analytical
Chemists, TUSA., [ISBN: 9780935584592,

Baytol, E., T. Aksu, M.A. Karsli and H. Muruz, 2005. The
effects of formic acid, molasses and inoculant as
silage additives on com silage composition and
ruminal fermentation characteristics in sheep. Turlk. T.
Vet. Anim. Sci., 29 469-474.

Broderick, G.A. and TH. Kang, 1980. Automated
simultaneous determination of ammonia and total
amino acids in ruminal fluid and ir vitro media. T.
Dairy Sei., 63: 64-75.

Bureenok, S., T. Namihira, Y. Kawamoto and T. Nakada,
2005. Additive effects of fermented juice of epiphytic
lactic acid bacteria on the fermentative quality of
guineagrass (Panicum maximum Jacq.) silage.
Grassland Sci., 51: 243-248.

Cai, Y., 5. Ohmomo, M. Ogawa and S. Kumai, 1997. Effect
of NaCl-tolerant lactic acid bacteria and NaCl on the
fermentation characteristics and aerobic stability of
silage. J. Applied Microbiol., 83: 307-313.

Castle, M.E. and TN. Watson, 1973. The relationship
between the DM content of herbage for silage
making and effluent production. Grass Forage Sci.,
28:135-138.

Coallier-Ascah, J. and E.S. Idziak, 1985. Interaction
between Streptococcus lactis and  Aspergillus
flavus on production of aflatoxin. Applied Environ.
Microbiol., 49: 163-167.

Deriaz, R.E., 1961. Routine analysis of carbohydrates and
lignin in herbage. J. Sci. Food Agric., 12: 152-160.

El-Nezami, H., P. Kankaanpaa, S. Salminen and I. Ahokas,
1998. Ability of dairy strains of lactic acid bacteria to
bind a common food carcinogen, aflatoxin B,. Food
Chem. Toxicol., 36: 321-326.

i



J. Anim. Vet. Adv., 12 (8): 876-881, 2013

Filya, 1., 2003. The Effect of Lactobacillus buchneri and
Lactobacillus  plantarum on the fermentation,
Aerobic stability and ruminal degradability of low
dry matter comn and sorghum silages. J. Dairy
Sci., 86: 3575-358]1.

Filya, 1., 2004, Nutritive value and aerobic stability of
whole crop maize silage harvested at four stages of
maturity. Anim. Feed Sci. Technol., 116: 141-150.

Gourama, H. and L .B. Bullerman, 1995. Antimycotic and
antiaflatoxigenic effect of lactic acid bacteria: A
review. J. Food Prot., 58: 1275-1280.

Harrison, TH., S.0. Soderlund and K.A. Loney, 1989.
Effect of inoculation rate of selected strains of lactic
acid bacteria on fermentation and In vitro
digestibility of grass-legume forage. 1. Dairy Sci.,
72: 2421-2426.

Karunaratne, A., E. Wezenberg and 1.B. Bullerman,
1990. TInhibition of mold growth and aflatoxin
production by Lactobacillus spp. T. Food Prot.,
53: 230-236.

Klemschmit, D.H., RJ. Schoudt and L. Kung Jr., 2005.
The effects of various antifungal additives on the
fermentation and aerobic stability of comn silage. T.
Dairy Sci., 88: 2130-2139.

Kung Ir., L., C.C. Taylor, M.P. Lynch and J.M. Neylon,
2003. The effect of treating alfalfa with Lactobacillus
buchneri 40788 on silage fermentation, Aerobic
stability and nutritive value for lactating dairy cows.
I. Dairy Sci., 86: 336-343,

Maing, Y., J.C. Ayres and P.E. Koehler, 1973. Persistence
of aflatoxin during the fermentation of soy sauce.
Applied Microbiol., 25: 1015-1017.

McDonald, P, AR Henderson and SJ.E. Heron,
1991. The Biochemistry of Silage. 2nd Edn,
Chalcombe Publications, Marlow, Bucks, UK
[SBN: 0-948617-22-5, Pages: 340.

Owens, V.N., K.A. Albrecht, R.E. Muck and S.H. Duke,
1999. Protein degradation and fermentation
characteristics of red clover and alfalfa silage
harvested with varying levels of total nonstructural
carbohydrates. Crop Sci. Soc. Am., 39: 1873-1880.

Ozduven, M. L., F. Koc, C. Polat and .. Coskuntuna, 2009.
The effects of lactic acid bacteria and enzyme
mixture inoculants on fermentation and nutrient
digestibility of sunflower silage. Kafkas Univ. Vet.
Fak. Derg, 15: 195-199.

Ozduven, M.L., Z K. Onal and F. Koc, 2010. The effects of

2

bacterial inoculants and/or enzymes on the
fermentation, aerobic stability and In vitre dry and
organic matter digestibility characteristics of

triticale silages. Kafkas Univ. Vet. Fakultes: Dergisi,
16: 751-756.

881

Richard, E., N. Heutte, V. Bouchart and D. Garon, 2009.
Evaluation of fungal contamination and mycotoxin
production in maize silage. Anim. Feed Sei. Technol.,
148: 309-320.

Rooke, J.A. and R.D. Hatfield, 2003. Biochemistry of
Ensiling. In: Silage Science and Technology, Buxton,
D.R.,R.E. Muck and I H. Harrison (Eds.). American
Society of Agronomy Inc., Madison, W1, USA.

Sanderson, M.A., 1993. Aerobic stability and in vitro
fiber digestibility of microbially inoculated com and
sorghum silages. J. Anim. Sci., 71: 505-514.

Sheperd, A.C. and L. Jr. Kung, 1996. Effects of an enzyme
additive on composition of com silage ensiled
at various stages of maturity. J. Dairy Sci.,
79:1767-1773.

Sheperd, A.C., M. Maslanka, D. Quinn and T.. Tr. Kung,
1995. Additives contaiming bacteria and enzymes for
alfalfa silage. I. Dairy Sci., 78 565-572.

Stokes, MR., 1992, Effects of an enzyme mixture, an
moculant and their interaction on silage fermentation
and dairy production. J. Dairy Sci., 75: 764-773.

Tabacco, E., S. Piano, L. Cavallarin, T.F. Bemardes and
(. Borreani, 2009. Clostridia spore formation during
aerobic deterioration of maize and sorghum silages as
influenced by Lactobacillus  buchneri and

Lactobacillus  plantarum inoculants. T, Applied
Microbiol., 107: 1632-1641.

Tengerdy, RP., Z.G. Weinberg, G. Szakacs, M. Wu,
J.C. Lmden LL. Henk and D.E. Johnson, 1991.
Ensiling alfalfa with additives oflactic acid bacteria
and enzymes. I. Sci. Food. Agric., 55: 215-228.

Tilley, TM.A. and R.A. Terry, 1963, A two-stage
technique for the ir vitro digestion of forage crops.
Grass Forage Sci., 18: 104-111.

Umana, R., C.R. Staples, D.B. Bates, C.J. Wilcox and
W.C. Maharmma, 1991 . Effects of a microbial inoculant
and (or) sugarcane molasses on the fermentation
aerobic stability and digestibility of bermudagrass
ensiled at two moisture contents. J. Amm. Seci,
69: 4588-4601.

Van Socest, P.J, J.B. Robertson and B.A. Lewis, 1991.
Methods for dietary fiber, neutral detergent fiber and
nonstarch polysaccharides m relation to animal
nutrition. T. Dairy Sei., 74: 3583-3597.

Weinberg, 7.G., G. Ashbell, Y. Hen and A. Azrieli, 1993.
The effect of applying lactic acid bacteria at ensiling
on the aerobic stability of silage. I. Applied
Bacteriol., 75: 512-518.



