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_ PROCEEDINGS OF THE INTERNATIONAL SYMPOSIUM ON FORAGE QUALITY AND CONSERVATION

organic acids and other soluble feed components from the forage
and the second is to reduce exposure to air.

Oxygen enables various aerobic spoilage microorganisms to
become active and to multiply themselves, resulting in aerobic de-
terioration (Pahlow et al., 2003) and substantial economic losses.
The deterioration of the silage is indicated by temperature and pH
increase, dry matter (DM) losses, lack of nutrient availability, sur-
face mould growth and feed refusal by the animals.

Livestock farms can store silage in various ways such as hori-
zontal silos (bunker and stacks), tower silos, bagged silos, or large
wrapped bales. Several farms prefer horizontal silos due to rela-
tively low construction costs, greater safety compared to tower si-
los (no toxic gases produced in closed areas, low risk of fall) and
high work rates for filling and unloading (Savoie & Jofriet, 2003),
but their design allows large areas of the ensiled material to be ex-
posed to the environment and prone to spoilage, especially in the
upper layer and near the walls (Ashbell & Kashanci, 1987; Borreani
et al., 2007).

In horizontal silos, during the storage period, a spoilage layer
is formed below the sealing sheet, known as “surface waste”. Al-
though there is also some evidence that invisible oxidation losses
occur throughout the whole mass of silage during the storage peri-
od. A large percentage of the silage mass (about 25%) can be within
the top 1 meter depending on silo size and depth.

The most common material used to seal horizontal silos is the
plastic film. The principal function of the film is to seal the for-
age and allow anaerobic conditions to establish. In Brazil, mainly
films of 150-200 um thickness are used for this purpose. Although
polyethylene sheeting has been the most common method used to
protect silage near the surface, the protection provided is highly
variable and often changes during storage (Savoie, 1988). Thus, the
effectiveness of covering methods is very important to limit aero-
bic deterioration and losses in the large mass being protected.

This paper presents the main factors related to sealing methods
that affect the extent of aerobic deterioration in horizontal silos.
Furthermore the review aimed to identify proper management
strategies to improve silage quality on commercial farms.
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Unsealed silos

Along with proper harvesting and filling techniques, it is also
equally as important to properly cover a bunker silo. Previous stud-
ies have demonstrated that the quality and recovery of silage is
compromised if horizontal silos are not covered with plastic film.

Berger & Bolsen (2006) summarized the research that docu-
ments DM and nutrient losses when bunker and stacks silos are
not sealed (Table 1). From 1990 to 1993, the top 0.90 m of silage
from 127 horizontal silos in Kansas was sampled at three locations
across the width of the silos. Sampling depths were: 0 to 0.45 m
from the surface (depth 1) and 0.45 to 0.90 m (depth 2). All sealed
silos were covered with a single sheet of black or black-on-white
100 to 150 um polyethylene, which was held in place with tires,
sidewall disks, or soil.

In the top 0.45 m, additional organic matter (OM) losses (losses
in addition to the losses in well-preserved silage) ranged from 17
to 60%, and losses were higher in bunkers and stacks that were not
sealed. Applying a seal reduced OM losses in the top 0.45 m and also
reduced additional spoilage losses in the second 0.45 m. Silage near
the exposed surface of the unsealed silos had pH values ranging
from 4.75 to 8.55, which were typical of severely deteriorated silage.

The aerobic deterioration is initially limited to the top 15 to 30
cm in an uncovered silo. The reason for this is that aerobic micro-
bial activity is great enough in the upper layer to remove all of the
oxygen entering into the crop either by diffusion or convection.
As the readily degradable components of the crop in the top layer
are exhausted, the rate of microbial activity declines allowing oxy-

Table 1. Effect of sealing treatment on estimated additional spoilage losses of
OM at the top of two depths in bunker and stacks silos (average 1990

to 1993).
. Depth 1 (0 to 0.45 m) Depth 2 (0.45 to 0.90 m)
Treatment n° of silos
Average Range Average Range
B W T I - I - L. P S ke Tt
Unsealed 54 50 44-60 14.0 9-19

Source: Adapted from Berger & Bolsen (2006)
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Silage temperature (°C)

15 T T T T Y Y T ~t

0 15 30 45 60 75 90 105 120 135 150

Storage period (days)
emmmmm black PE film = e e black-on-white PE film

Figure 2. Effects of the colour of plastic film on temperature of corn silages during
150 days of storage.

Snell et al. (2003) reported the effects of the colour on the tem-
perature of the film surfaces. They found that in the morning
hours, temperature peaks were up to 16°C higher for the black film
in comparison with the white film. As expected, the highest values
were reached at midday, with the black and green coloured films
showing a very similar thermal behaviour. The same applied for
the evening hours. ,

Savoie (1988) developed a theoretical model to predict the to-
tal cost of plastic and respiration losses because of air infiltration
through the film. An optimal thickness was derived as a function
of storage period, silage density and DM content, film permeabil-
ity and the relative value of plastic and silage. Polyethylene silage
bags of different thickness (100, 150, and 200 ym) did not produce
significant differences in losses in 130d, averaging 0.2% loss/
month when perfectly sealed (Savoie, 1988). However, modeling
of different film thickness indicated that 100 um was economically
optimum on a stack silo for 3 months storage, 150 um for 7 months,
and 200 ym for 12 months.

A very thin plastic film may be inefficient due to excess air infil-
tration through the film during a long storage period. Mechanical
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failure and film thickness are interrelated because a very thin film
will be a poor barrier to oxygen flow in addition to being more
sensitive to tear and puncture.

Effects of the material properties on the oxygen permeability of
plastic films

Air is the major cause of spoilage in silage. Polyethylene is not
totally impermeable to oxygen diffusion and thus will not com-
pletely prevent oxygen ingress (O'Kiely & Forristal, 2003). There
is a general agreement, therefore, that low oxygen permeability of
the sheets has to be sought.

Borreani et al. (2007) reported that in the early 1990s, Daponte
(1992) proposed the use of coextruded barrier films to seal silage,
but at that time, plastic manufacturers had no commercial interest
in these more expensive films. The situation is changing rapidly
now, and new developments in sealing strategies have been report-
ed recently, involving the use of a coextruded film with reduced
oxygen permeability as an alternative to standard polyethylene.

A co-extruded polyethylene-polyamide film has been devel-
oped for covering horizontal silos (Borreani et al., 2007) by Indus-
tria Plastica Monregalese (Mondovi, Italy). It is 125 ym in thick-
ness and comprises two outer layers of polyethylene with a central
layer of polyamide (Silostop® 1-step).

Two trials were carried out in Brazil to evaluate a new black-
on-white (125 ym) coextruded oxygen barrier film (OB) in a tropi-
cal climate. Bernardes et al. (2009a) studied eight covering systems
and observed that the OB film had lower values of pH, yeasts and
DM losses among the plastic films.

In a second trial (Bernardes et al. unpublished data), four black-
on-white films were evaluated: 1) oxygen barrier film 125 um thick
(OB), 2) black-on-white (200 ym thick) polyethylene film (PE), 3)
black-on-white (300 ym thick) polyvinyl chloride film (PVC), and
4) black-on-white (200 ym thick) polyvinyl alcohol film (PVOH).
Table 2 shows the differences on oxygen permeability of the plastic
sheets.

Oxygen permeability of the films influenced the DM losses in
the upper 30 cm of the silage, as reported in Figure 3. The OB film
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Transition strip

v

PE film
OB+PE film
r'e

42 10 38 o =,

l = » ks % 24°c

Figure 4. Contour map of temperatures of the silo face covered with polyethylene

film (PE) or oxygen barrier film associated t
o PE :
etal. (unpublished data) OB PR Sourees okl

Use of bacterial and chemical additives on the
top of the silos

Especially in warm climates whole-crop cereal silages such as
corn, sorghum and wheat are susceptible to aerobic deterioration
This is because aerobic yeasts are most active at 20 to 30°C Cwmr_umn
etal,, 2002). Therefore, efforts are being made to find additives that
would inhibit fungi and protect the silage near the surface.

.E:nw (1996) was the first to suggest that inoculation with Lacto-
wa.a_::m buchneri, that is an obligate heterolactic acid bacterium
might improve the aerobic stability of silages. Since that time h\
buchneri has been used as a silage inoculant to enhance the mmao\@mn.
m.ﬂmvz.&\ ina variety of silages via the anaerobic degradation of lac-
sun .mn_a to acetic acid (Qude Elferink et al., 2001). In order to use ad-
m:Emm to overcome the problem of aerobic deterioration of silages
it has been suggested that other types, such as sodium Vmswwm»m“
can be used (Kung et al., 2003).

A survey to verify the difference between polyethylene film
(PE) and oxygen barrier film (OB) and an association with sodium
benzoate (0.02%) or L. buchneri (1 X 10° cfu/ 8) applied onto the
ﬁm% of the silos was carried out by Amaral et al. (2009). Fermenta-
tion quality and DM losses from silages are shown in Table 3. The
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Table 3. Effects of sealing treatment on fermentation quality of corn silages.

Plastic film Additives*
Item
PE OB Control LB SB

DM % L3682 ) 358 S 363 36.9°
Ash, % ofDM | 467 | 471 | - . 476 | - ik

NS - . W 39 L. S L 391 3.8¢

Acetic acid, % of DM 3.25 1.99 2,57 2.28 3.00
....... Buyncand seofeh | O L Dae L 06 L0t 1 O

......... DM losses, % 8.07 8.77 973 7.69" 7.830

PE = black-on-white polyethylene film (200 pm thick); OB = black-on-white coextruded polyethylene-
polyamide film (125 pm thick); LB = Lactobacillus buchneri 1 % 10° cfu/g forage'; SB = sodium benzoate
0.02% (fresh basis). *P < 0.05. Source: Amaral et al. (2009)

pH values were lower in silages treated with additives (3.89) than
control silages (4.14). The concentration of butyric acid was lower
in silages covered with additives. The DM losses were decreased
18% in silages treated with additives. The authors concluded that
the use of L. buchneri or sodium benzoate inhibited the aerobic de-
terioration from silos upper layer.

Use of tires, gravel, soil, and sugarcane bagasse
to weight down the plastic cover

To prevent deterioration in horizontal silos, the common prac-
tice is to use polyethylene sheeting held in place with used car
tires. These materials have been widely used because of their low
cost and the ready availability.

In a study reported by Ruppel (1993) there was a reduction in
the temperature and improved protein availability of hay crop
silage when the amount of tires per square meter increased. The
losses of DM in the top surface of silage were also reduced as the
amount of tires per square meter increased. Based on this research
it is suggested that there should be 20 to 25 tires per 10 square me-
ters (25 tires per 10 square foot approaches “tire to tire” placement).
Ashbell & Weinberg (1992) studied several covering methods on
the reduction of the top silage losses and inferred that higher tire
density (30 tires per 10 square meters) and sand bags along the
shoulders resulted in lower losses.
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the problem of plastic waste handling (Brusewitz et al., 1991). Cur-
rently, biofilms are not used commercially due to their relatively
high cost and inadequate protection from air infiltration.

Considering the low cost of raw material and the beneficial im-
pact on the environment, biodegradable coatings have become a
possible alternative for sealing horizontal silos. The incorporation
of beef fat in the heated coating formulation and the addition of
a hydrophobic layer of zein were able to preserve the quality of
silage for at least 4 months under laboratory assay (Denoncourt et
al., 2004). Soy - and casein — based biodegradable coatings were
evaluated for their ability to exclude oxygen and preserve corn si-
lage. The results showed that biodegradable coatings were able to
protect the quality of silage during 4 weeks but the biodegradable
coatings were not as good as plastic at preserving silage after 8
weeks of storage (Denoncourt et al., 2006).

In summary, both farmers and scientists have tried alternatives
to plastic sheet such as grain, chopped straw, molasses-based prod-
ucts, lime, and edible films. To date, the alternatives have been better
than no cover but considerably less effective than the plastic film.

Conclusions

The detrimental effect of air at silage near the surface is a key
point to avoid losses of dry matter and of quality. Unfortunately,
no alternative to the use of plastic in covering bunkers or stacks
has proven commercially viable for silage producers. Given the
widespread use of horizontal silos in Brazilian farms, it is vitally
important that the film used possesses good oxygen barrier prop-
erties as well as good mechanical properties.

In horizontal silos, the plastic needs to be held tightly to the

crop. This is usually accomplished with used tires, but many other
means are used such as gravel, sugarcane bagasse or soil. Besides
that, lining bunker walls with plasticimproves silage quality along
the walls.
. The silos’ sealing will continue evolving to meet future needs
In a conservation of fresh forage, to minimize loss and cost, reduce
environment contamination, and to provide a safe and efficient on-
farm feeding system.
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