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ABSTRACT

Ciover as green forage and maize, broken bean and wheat bran as
zoncentrated forage and wheat straw as filling material were used in producing silage
ration.  Silage mixture was inoculale with 2 mt of { aafnhacitius cullure {Lactobaciffus
casei as activator bacleria grown on whey) to obtain Laclobacilius silage as first
experiment.  Whereas, lhe second experiment, silage was inoculaled with 2 ml
effective microorganisms culture (EM activalor grown on 5% molasses) to obtain EM
silage. After incubation the pH values decreased to reach 4.1 and 4.0 in Laclobacilius
and EM silages compared with lhat of the conlrol silage. Volatile acids (butyric and
acetic} were [ower than lactic acid, which increased in all experimenis during ensiling
processes. Moreover, the silage chemical compositions before and after ensiling
showed that lolal inverted sugar at the end was traces. Sila%e microorganisms counts
were (1020 and 990 x 10° CFU g") and (410 and 320 x 10° CFU g} for Lactoaciilus
and EM silage on basal media and SANM after four weeks, respeclively. However,
lhese results cleary indicate that the synthetic medium {SANM) had timiled the
microarganisms' colonies size and densities that helps in producing silage of low
acidity and high quality silage during the fermentation processes.
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INTRODUCTION

The preservation of forage crops as silage depends on the
production of sufficient desirable acid to inhibit activities of undesirable
miciverganisms.  The epiphytic lactic acid bacteria present on forage crons
convert sugar to lactic acid during the ensiling process. As a result, the pH is
reduced ang the forage Is protected {Weinberg ef a/, 1993). Moreover,
silage inoculates are used to enhance fermentation by adding lactic acid
bacteria at ensiling. When the bacteria inoculants dominate fermentation, the
resulting silage has less acetic acid and ethanol, more lactic acid and a lower
pH than may occur if epiphytic bacteria populations drive the fermemntation
process (Kent ! al, 1989). Several studies have examined the etects of
microbial inocutants to improve preservation of chopped alfalfa stored in
bunker, tower or laboratory silos. The effect of inoculants on sitage
fermentation characleristics and on animal performance have produce
a range of results depending on factors such as epiphytic micro-flora
populations, forage moisture and water soluble carbochydrate content and
ensiling management (Bolsen et al., 1992).

Idler et al. {1998) postulated that the mixtures of Lactobacilius casei
and L. rhamnosus or L. casei alone, Enterococcus faecium and L. delbrueckii
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improve silage quality by the fermentation of butyric and the decomposition of
protein. Also, Cai et af. (1999) treated the three silages with strains of
Laclobaciflus caseior L. plantarum and were well preserved, had significantly
lower pH values, butyric acid, propionic acid and ammonia nitrogen
concentrations, gas production and dry matter losses and had significantly
higher contents of residual water soluble carbohydrates and lactic acid than
did the respective control silage. Singh et al. (1996) ensiled the Lucerne
alfalfa, and fodder with and without inoculum {Enterococcus faecalis or
Lactobacillus plantatum or both) and 5% molasses. Samples were analyzed
at 0, 15, 30 and 60 days of ensiling. A decrease in dry matter content and pH
was observed during the ensiling period; addition of molasses decreased pH
and ammonia-nitrogen and increased dry matter content. Ammonia-nitrogen,
lactic and acetic acids content increased through out ensiling. Whereas, Kim
et al. (1999) made the alfalfa silage without additive or using formic acid,
molasses, or one of both bacterial inoculants including Lactobaciflus
plantarum, additives increased contents of crude protein and nitrogen free
extract and’decreased crude ash and crude fiber contents.

The aim of this investigation is to produce silage from agriculturai
wastes using Laclobacillus casei and effective microorganisms (EM) as
a natural microorganisms inoculation to produce high quality silage with
fermentation time reduction.

MATERIALS AND METHODS

Maize, broken bean and wheat bran as concentrated forage and
wheat straw as filling material were provided through the Field Crops
Research Institute, Agric Res. Center, Giza, Egypt. While, clover as green
forage, sugar cane molasses and whey were from the local market. Effective
microorganisms (EM) are a solution used as bio-fertilizer in Japan and
contains about seventy types of microorganisms belonging to lactic acid
bacteria, photosynthetic bacteria, yeast's, fungi and Actionmycates (Higa and
Parr, 1994). Whey is sterilized at 1.5-inch pound-1 for 20 min then inoculated
with Lactobacilius casei bacteria and incubated for 3 days at room
temperature to have a bacteria culture grown on whey. A molasses solution
(5% W) was sterilized then inoculated with EM solution and incubated for 7
days at room temperature to obtain EM culture.

Silage mixture was made from clover, maize, broken bean, wheat
bran and wheat straw. One litter bottle with airtight lid were filled with 400 g
silage mixture and used as a fermentor to evaluate the fermentation
characteristics of the tested silages.

The moisture content of the mixture ranged from 60 to 65 %. Bottles
were then, divided into two groups, each group rgpresents an experiment. In
the first experiment, silage was inoculated with 2 mi of Lactobaciflus casei
culture, while, in the second experiment, silage was inoculated with 2 mi EM
culture. The treatments in both experiments were amranged in complete
randomized design with three replicates, each experiment contained bottles
with silage only to represent the control treatment. The fermented silages in
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each experiment were sampled at different periods of 0, 2, 4, 8and 12
weeks. After each sampling period, samples were taken to measure pH
valug, free organic acid contents (Ghoneim et al, 1952) and total
microorganisms count. The chemical composition (A.O.A.C., 1990) of the
fermented bottles for both experiments was determined after 0 and 12 weeks
only. The fermented silage samples at all periods were reviewed for total
count. The count was executed using two growing media viz,, basal medium
(BM) is sterilized at 1.5 inch pound-1 for 15 minutes described by A.P.HA.,
(1976) as standard medium and comparable with a new synthesized medium
of sodium acetate normal medium (SANM} without sterilized and tap water is
used, that developed by (Marcos, 1992). The chemical constituents of both
media are shown in Table {1). The total count procedure was done following
the serial dilution technique on solid agar.

Table (1): Composition of basal medium and sodium acetate normal
medium (SANM)

Materiais Basal medium SANM

Beef extract 39.0 395
Yeast extract 39.0 50
Peptone 5.0 5.0
Tryptone 5.0 10.0
Glucose - 25 10.0
Laclose 2.5 10.0
Tornato juice 100 ml -

Sodium acetate ~ 25.0
Ammaonium citrate - 25.0
|Agar ‘ 15.2 20.0

RESULTS AND DISCUSSION

Data in Table {2) indicate the decline in pH values with increasing the
incubation periods up to 12 week in all iested treatments for both experiments
as well as for control. However, ateight weeks a favorite decline in the pH
value (4.1} was noticed with EM silage as compared with 4.2 and 4.8 for the
silage samples inoculated with Laclobacilius casei bacteria and the control
treatment, respectively. These findings are in harmony with those obtained by
Cai et al. (1998).

Table {(2): Changes in pH values during ensiling process.
Lactobacilfus

Time in weeks Control silage EM silage
Zero 6.7 88 6.6
1 6.1 5.2 58
2 5.8 50 52
4 5.2 46 4.4
8 4.8 4.2 4.1
Y 4.3 4.1 | 40
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The percentage of free volatile acids (as acetic and butyric) and non-
volatile acid (as lactic) are recorded in Table (3). A rapid increase in lactic
acid production was noticed in the first two week being 1.35 and 1.40% for
both Lactobacifius and EM silages to reach 2.25 and 2.30% in the eighth
week period. However, little amounts of volatile acids (acetic and butyric)
were produced during ensiling process in all experiments. The percentage
proportion of lactic acid to the total acids amount was over 90% in all
treatments during ensiling process. These results are in agreement with Cai
et al (1999).

Table (3): Free acids percentage status during the ensiling process.

; {ncubation period Lactobacillu .
Free acids {woeks) d Control silage EM silage

olatile acids
cetic acid 0 - - -
2 0.10 0.13 0.09
4 0.1 0.1 0.12
8 0.13 0.15 0.14
Butyric acid 0 - - -
2 0.03 0.02 0.01
4 0.04 0.03 0.04
8 0.08 0.08 0.07

Non volatile

cids 0 - - -
Lactic acid 2 1.28 1.35 1.40
4 1.65 183 1.87
8 1.98 225 2.30
Lactic / Total acids % 0 - - -
. 2 90.64 91.21 93.33
4 91.67 91.96 92.25
| 8 90.41 90.36 91.63

Meeske et al. (1999) found that the inoculation of silage with lactic
acid bacteria resulted in more rapid drop in pH, a higher level of lactic acid
and lactic ‘acid bacteria, less protein breakdown and lower numbers of
Enterobacteria, yeast and mould in comparison with control silage.
Moreover, bacteria combined with sugar decreased silage pH, increased
tactic acid content and decreased ethanol and ammonia content (Ostrowski,
1999) and gave the lowest content of butyric acid (Kim efal, 1999) and
increased the amount of lactic acid to total acids {the ratio of lactic acid to
total acid content) Tagawa et al. (2001).

The chemical composition {Table 4) before and after ensiling process
of the Lactobacillus and EM silages didi't change greatly in their nutrient
content. It was cbserved that the dry matter decreased after ensiling with
increasing moisture content. Also, the microorganisms utilized total inverted
sugar during fermentation and consumed these fractions (Kung et a/., 1991).
Also, glucose concentration starter reduced the time and increased the
amount of .lactic acid produced. The fermentation pattern changed during
ensiling from hetero and homofermentative (Shiria ef af., 2001).
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Table (4): Chemical composition of sitage at start and after ensiling (on
dry weight basis).

Control Lac';i'll; ;{;ﬂ'ﬂus ( EM sitage ]
Chemical compaosition T

start | ARer | gy | After ©ogy | After

ensiiin ensilin |ensiling |
) 52.80 | 633 | 6350 | 67.43 | 63.97 | 69.06
Moisture 4720 | 31.70 | 36.50 | 32.67 | 36.03 | 30.84
D“;]’“a“er 12.48 | 1266 | 13.85 | 14.00 | 13.07 | 13.17
As . 13.07 | 12.80 | 12.77 | 12.56 | 13.77 | 14.77
Crude ?g"‘e'“ 2245 | 22.76 | 22.85 | 23.30 | 21.27 | 22.33
El’r‘\‘:fe;tg; 127 | 196 | 120 | 192 | 138 | 2.78
ot soliia carhohydrates 5076 | 45.78 | 5053 | 48,13 | 50.54 | 47.32

Total invert Sugar as glucose 0.87 1T 0.98 T 275 Tr.

 I—
Tr: Traces

Figures (1 and 2) show growth of fungi, acteinomycetes, Bacilius and
Lactobacillus on basal medium (BM) and sodium acetate normal medium
(SANM) after O, 2, 4, § and 12 week during the ensiling process. Results
exhibited that up two-week inoculation period both fungi and Actinomyceles
grown on BM and SANM media did not appear because they ensure a
neutral pH values. While, both Bacilus and Lactobacilus bacteria appeared
on BM and SANM after four week. However, the growth of Lacfobaciflus
bacteria on BM was better than it was SANM medium. Also, the growth of
Baciflus bacteria was less than that of Lactobaciiius bacteria.

The count of silage microorganisms in all silage treatments on bath
media is shown in Fig {3). Anincrease in total counts was noticed at fourth
week. However, the total counts in both treatments (Lactobacillius and EM
silages) on basal medium (1020 and 990 x10° CFU g'') were higher than
SANM (410 and 320 x 10° CFU g™} after four weeks, respectively.

Because, the SANM proved to be of choice for growing different
groups of microorganisms that have role in silage preparation, this medium
clearly had.imited the microorganisms’ colonies size and densities.

The total counts found with Lactobacilius and EM silages inoculated
on basal medium were higher than those found on SANM.

These results specified the positive effect of inoculation of silage with
Lactobacillus casei. Such results are in harmony with Tanaka et af. (2000)
who declared that the Lactobacillus strains effectively improved fermentation
quality of the silage. Also, Caiet al {1997) reported that lactobacilli are the
dominant microbial population on forage crops and contribute to silage
fermentation.  The lactobacilli play more important role in fermentation
processes and efficiently promote lactic acid fermentation for a longer time
than do lactic acid producing cocci.
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Bactena caunt (10°CFU g ™)

Traaiments |

Control silage Lactobaciflus silage EM silage
Fig. {(1): Fractionation and count of different microorganisms in silage
grown on basal medium.

———— e —

Bacteriacound { 10°CFU g}

Control sllagé— Lactobaciilus silage EM silage
Fig. (2): Fractionation and count of different microorganisms in silage
grown on sodium acetate medium (S.A.N.M).
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Fig. (3): Total count of different microorganisms in basal medium (BM)
and sodium acetate normal medium {S.A.N.M).

Generally, it could be concluded that L(Lactobaciius casei and
effective microorganisms (EM) act as activators for whey and molasses which
led to obtain Lactobacilfus culture and EM culture. They were then added to
silage for producing high quality silage during fermentation process.
Concerning, the microorganisms count grown on basal medium (BM) and
sodium acetate standard medium (SASM), it was found that fungi and
actinomycetes existed at the beginning had declined after two weeks of
ensiling. Also, counts of Bacilus and Lactobacillus bacteria conlinued to
increase to reach a peak after four weeks.

It could be recommended that Lactobacilius culture and EM culture
are good inocula to produce high quality silage during ensiling processes.
Moreover, SANM medium, has high content of solids and included few
ingredients, therefore it was relatively cheap. Also it was easily prepared with
minimum need for microbiolegical equipment than basal medium,
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