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Effect of silage additives on big-bale grass silage
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Abstract

Data from twenty-two experiments conducted at four
ADAS Research Centres during 1980-92 were used
to compare untreated silages with silages treated with
formic acid, with or without added formalin, com-
mercial inoculants or molasses. The sillages were
made from herbage whose dry-matter (DM) and
water-soluble carbohydrate (WSC) contents were
277 (s.e. 0-46) g DM kg! and 36 (s.e. 8-1) g kg™
respectively. Inoculant use significantly decreased
silage pH and ammonia-N, significantly increased
lactic acid and total acid content, and decreased
butyric acid and total short-chain fatty acids. Formic
acid use significantly increased silage lactic acid and
total acid content, and decreased butyric acid content,
whereas formic acid+formalin significantlyde-
creased silage ammonia-N level. Molasses had little
effect upon silage fermentation. Improvements in
silage fermentation, however, produced little benefit
in terms of either silage DM intake or liveweight gain
when the silages were offered to growing lambs.

It is suggested from the results that inoculant- and
formic acid-based additives can be used to improve
the fermentation of big-bale silages.

Introduction

In England and Wales in 1994, 6-2 million tonnes of
big-bale silage were made. This amounted to 18%
of the 34-1 million tonnes of grass silage made
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(MAFF, 1995). It has been shown that in the early
1990s, 45% of bunker silage made in England and
Wales was treated with silage additives (Haigh,
1996a; 1996b; Jones, 1994). Little information is,
however, available on the use of silage additives on
big-bale silage; with Haigh and Peers (1992) and
Haigh (1995) giving no indication of silage additive
use in their reviews of big-bale silage quality in
Wales and England respectively. In 1983-87 only
7% of big-bale silages made during the autumn in
South Wales was treated with additive (Haigh,
1990a). In 1995 it was estimated that only 3% of
bales (Malins, 1695) was treated with additive.
Nevertheless, silage additive use is advocated on
big-bale silage and products have been specifically
designed for this purpose (Haigh, 1993). Independent
assessment of silage additive use on big-bale silage
is small, with Moran and Owen (1993) showing that
inoculant treatment significantly improved fermen-
tation compared with untreated silage.

In the period 1980-92 a series of trials comparing
formic acid, formic acid+formalin, inoculant,
molasses and untreated silages was conducted on
four ADAS Experimental Research Centres — High
Mowthorpe, North Yorkshire; Liscombe, Somerset;
Pwllpeiran, Dyfed; and Trawsgoed, Dyfed. These
results provide an opportunity to quantify responses
to additive treatment.

Materials and methods

A total of twenty-two experiments was conducted.
The number of experiments for specific treatments
is subsequently shown in brackets. Perennial
ryegrass (Lolium perenne)/white clover (Trifolium
repens) leys, to which 74 (s.e. 2-6) kg N ha™! had
been applied 54 (s.e. 3-9) d before cutting, was
cut as first-cut (two experiments) on 12 June,
second-cut (seven) on 29 (s.e. 2-1) July or in the
autumn (thirteen) on 22 (s.e. 3-3) September. The



grass was cut with either a mower conditioner
(eighteen), a disc mower (three) or a flail harvester
(one) and wilted for 29 (s.e. 5:0) h before being
harvested. The additives were applied using an
electronic spray over the bale pick-up reel (fifteen)
or watering can to the swath prebaling (seven).

The additives applied were formic acid [‘Add F’
(three trials), ‘Add H’ (one) and Foraform (one) —
Trouw Nutrition Ltd], a formic acid and formalin
mixture [‘F100° (seven) — FSL Bells Ltd], inocu-
lants [HM Inoculant (one) — Nutrimix Ltd, Ecosyl
(one) or Ecobale (three) — Zeneca Bio Products or
unspecified (six)] and molasses [(six) — Rumenco
Ltd]. The application rates are given in Table 2.
The weather conditions at ensilage were dry and
sunny (eleven), cool, overcast with showers (six),
wet (one) and unspecified (four). The number of
bales per treatment was thirteen (s.e. 2-2), average
bale weight 570 (s.e. 22:0) kg and the time taken
from cutting to completion of silage making 25
(s.e.0-43)d.

Standard laboratory techniques (MAFF, 1986)
were used for analysis. Herbage was analysed for
dry-matter (DM), protein (CP), modified acid deter-
gent fibre (MADF) and water-soluble carbohydrate
(WSC) in twenty experiments but ash was deter-
mined in seven of the experiments only. All the
silages were analysed for oven DM, pH, CP and
MADF. In the seventeen experiments in which
toluene DM was not determined it was calculated
according to the equation given by Haigh (1995).
Other determinations (number) were ammonia-N
(twenty-one), lactic acid and short-chain fatty acids
(fourteen), formic acid (nine), ash (seven) and WSC
and ethanol (six). DM loss during ensilage in eleven
experiments was determined as described by Haigh
and Parker (1985).

In five experiments, after storage for 45 (s.e. 8-3)d,
the silages were offered ad libitum to mainly
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speckle-face hill lambs of mean intial weight 28-3
(s.e. 0-71) kg. The experiments started on 8 (s.e. 9-3)
November and lasted 53 (s.e. 2:9) d. The number
per treatment was 44 (s.e. 11-2). In one experiment
silage was the sole feed. In the others 0-17 (s.c.
0-041) kg of a compound feed or home mix contain-
ing 187 (s.e. 17:6) g kg~! CP was given either once
(two) or twice (two) daily.

Residual maximum likelihood value (REML) was
used to analyse the results statistically, to enable the
analysis of unbalanced data and efficient combina-
tion of results from a series of trials (Robinson,
1987).

Results
Herbage composition

Results for herbage composition from the twenty
experiments in which it was analysed are given in
Table 1. The DM content of formic acid+formalin
and molasses-treated silage was significantly
(P <0-05) higher than other treatments, whereas that
of formic acid-treated silage was significantly
(P<0-05) less than other treatments. There were
small but significant differences in CP, MADF,
WSC and ash content of herbage before ensiling.

Silage composition

Silage analyses are given in Table 2. In general
ammonia-N and lactic butyric and total acid con-
centrations of silage showed that formic acid and
inoculant treatments enhanced fermentation com-
pared with untreated silage, whereas formic acid+
formalin treatments only reduced the ammonia-N
content and molasses treatments had little effect.
The DM contents of inoculant-treated (P <0-05) and
molasses-treated silages (P<0-001) were signifi-

Table 1. Chemical composition of herbage for ensilage (values are residual maximum likelihood values)

Nil Formic Formic acid Inoculant Molasses Average s.e.
acid + formalin between two
means
Number of samples 20 3 7 10 ]
Dry matter (g kg™") 29 2584 2982 2830 309° 57
Composition (g kg™ DM) s
Crude protein (CP) 150% ]51% 156° 154% 149* 25
Modified acid detergent fibre 300* 298* 283° 297* 281° 57
(MADF)
Water-soluble carbohydrate 129° 117¢ 139° 128° 146 4.4
(WSC)
Ash 81k 92* 78¢ 84> - 1-1

Means on the same line, with the same superscript or no superscript, do not differ significantly ( P <0-05).
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Table 2. Composition of silage (values are residual maximum likelihood values expressed on a toluene dry-matter (DM) basis)

Nil Formic Formic acid Inoculant Molasses Average s.e.
acid + formalin between two
means
Number of samples 22 S 7 11 6
Application rate (1 t!) 4.1 4.0 24 102 0-452
Oven DM (g kg™') 25950 2519 266 273 283%® 53
Toluene DM (g kg™') 278cde 271% 285k 2928« 302 53
pH 4.532 4.47%® 446 436 4.55° 0-076
NH,N (gkg™' N) 972 89° 80b¢ 78¢ 99° 41
Composition (g kg™' DM)
Ccp 1582 1622 1622 159* 152° 2:5
MADF 334%< 3328ed 335% 32654 324 4.0
Ash 85* 78° 90¢ 852 - 1-5
WSC 442 47° 300 45 - 52
Ethanol 12 o - 11 - 0-4
Lactic acid 49* 65° 92 65° - 30
Formic acid 1 42 2 2 - 0-4
Acetic acid 8 8 10 8 - 1-0
Butyric acid 92 5 e 13 - 11
Total short-chain fatty acids 19 18 19 13" - 12
Total acids 68 83<d T 80bed - 55
Lactic acid 0-732 0-79% 0-732 0-81° - 0-030
(as proportion total acids)
DM loss 120% 136 1283b¢ 107% 112% 103

Means on the same line, with the same superscript or no superscript, do not differ significantly (P <0-05).

Abbreviations as in Table 1.

cantly higher than those of untreated silage. Com-
pared with untreated silage, formic acid use sig-
nificantly increased the formic acid (P<0-001),
lactic acid (P<0-001) and total acid content
(P<0-01) and signicantly reduced the ammonia-N
(P<0-05), ethanol (P<0-001) and butyric acid
(P<0-01) content. Similarly, formic acid+formalin
treatment significantly decreased the ammonia-N
(P<0-001) and WSC (P <0-05) contents. Inoculant
treatment significantly decreased pH (P <0-05),
ammonia-N (P <0-001), butyric (P <0-01)and total
short-chain fatty acid (P<0-01) contents and
significantly increased the lactic acid (P <0-001),
total acid (P <0-05) contents and lactic acid content
expressed as a proportion of total acid (P <0-05)
content. Inoculant treatment significantly (P <0-05)
decreased DM losses during ensilage.

Animal performance

Animal performance is given in Table 3. Additive
treatment had little effect upon either silage or total
DM intake, daily liveweight gain or killing-out per-
centage, except that formic acid treatment
significantly (P <0-05) increased silage DM intake
compared with other treatments.

Discussion
Silage fermentation

Using an ammonia-N content of 80-100 g (kg N)!
(Haigh and Hopkins, 1977) as the criterion for
fermentation, all the silages were satisfactorily
fermented. Nevertheless, formic acid, with or
without formalin, and inoculant use decreased the

Table 3. Silage intake and liveweight (LW) gains (values are residual maximum likelihood values)

Nil Formic Inoculant Molasses Average s.e. of
acid difference between
two means

Number of samples 5 1 4 1
Intake (g kg™ LW)

Silage DM 0-572 0-608* 0-573 0-559 0-012

Total DM 0-646 0-679 0-646 0-678 0-012
LW gain (gd™) 54 57 56 58 63
Killing-out % 44 - 44 43 0-6

Means on the same line, with the same superscript or no superscript, do not differ significantly (P <0-05).
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ammonia-N content, in the former case probably
because the formic acid and formalin treat-
ments were effective in restricting proteolysis
(McDonald et al., 1991) and in the latter case
because inoculants work best with high sugar
content crops (Woolford, 1984). Formic acid with
or without formalin additive use had little effect
upon pH compared with that produced when the
same additives were applied to bunker-made
silages (Haigh and Parker, 1985), probably
because big-bale silages undergo a more limited
fermentation (McDonald et al., 1991). Never-
theless, inoculant-treated silages had a low pH
value, probably because the inoculants provided
more than 10° organisms g~! grass (ADAS, 1987),
were added as liquids and were evenly distributed
over the plant surface (Henderson and McDonald,
1984), thereby becoming active quickly (Seale,
1986).

Molasses treatment did not reduce the pH or
ammonia-N levels compared with those of
untreated silage. This is probably because it is
difficult to apply (Woolford, 1984). The provision
of extraneous sugar alone, particularly to high
WSC crops, may be insufficient to permit lactic
acid bacteria to compete with other components in
the silage microflora.

Both formic acid and inoculant use produced
higher levels of lactic acid in the silage, and the
latter treatment improved the amount of lactic
acid, when expressed as a proportion of total acids,
suggesting that they improved the efficiency of fer-
mentation (Woolford, 1984). The formic
acid+formalin product used contained 32% formic
acid and 62% formalin (Jacklin and Haigh, 1993).
Its use had little effect upon either the amount of
lactic acid or the total acid content of silages com-
pared with untreated silage, which suggests that its
use had little effect upon fermentation. Formic
acid and inoculant use decreased the levels of
butyric acid in silages, which were otherwise satis-
factorily preserved, a situation also noted (Haigh
and Parker, 1985) with wilted bunker-made
silages.

Additive use had little effect upon the residual
WSC content of the silages, perhaps because the
silages were ensiled with a high WSC content and
underwent a restricted fermentation compared with
bunker-made silages. Nevertheless, the low value for
the formic acid+formalin treatment is difficult to ex-
plain, particularly as the WSC content at ensilage was
higher than for the other treatments except that of
molasses.

Effect of silage additives on big-bale grass silage 321

The overall effectiveness of additive treatment in
improving the fermentation of silages can be
assessed by combining the mean percentage reduc-
tions in ammonia-N, pH, butyric acid and the per-
centage increase in lactic acid (Haigh and Parker,
1985). Using these criteria, formic acid treatment
gave an improvement of 22%, formic acid+forma-
lin treatment 12%, inoculant treatment 25% and
molasses treatment little or no improvement. The
improvement was greater than that generally found
by Weddell (1995), probably because the present
silages had a lower DM content.

Silage DM loss and animal performance

DM losses occurring during ensilage were much
lower than those reported for bunker-made silages
(Haigh and Parker, 1985; Haigh et al., 1987), proba-
bly because the DM content of the present silages
was much higher.

In terms of animal performance, the results show
that the improvements in silage fermentation
obtained from additive use at ensilage were not
reflected in terms of either improved DM intake or
animal performance when the silages were offered
to growing lambs. These results contrast with those
of Weddell (1995), who found little improvement in
fermentation quality but improved animal perfor-
mance when the silages were offered to store cattle.
The present results may be attributed to the fact that
the untreated silages were relatively well fermented,
that the silages were long-chopped, additional feeds
were given and that growing lambs are notoriously
variable in their DM intake and liveweight gain.

Water soluble carbohydrates and preservation

A WSC concentration of about 37 g kg™! in herbage
for ensilage is desirable for silages made in bunker
silos (Haigh, 1990b). Relationships found in the
present work, indicating the minimum WSC con-
centration necessary to produce successful preserva-
tion, are given in Table 4. The relationships were
generally not significant. Nevertheless, they indicate
that the WSC necessary for successful preservation
with untreated silage was about 35 g kg~!. Formic
acid and inoculant treatment reduced this to about
30 g kg!, whereas the other additives had no effect.

Conclusion

The results indicate that formic acid and inoculant
application to big-bale silage enhanced subsequent

© 1996 Blackwell Science Ltd, Grass and Forage Science, 51, 318-323
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Table 4. Relationship between silage pH, ammonia-N and herbage water-soluble carbohydrate (g kg™' fresh weight) for
additive-treated and untreated silages

Results Relationship with WSC

Minimum WSC for s.e. i P
preservation

Untreated silage

19 45-2 — 0-100 NH;-N
19 —352 + 15-5pH
Formic acid
4 —14:9 + 0-436 NH;-N
4 21-1 + 1-5pH
Formic acid + formalin
6 64-2 — 0-189 NH;-N
6 -91-4 + 28-8 pH
Inoculant
10 52:5 — 0-225 NH;-N
10 6-5 + 5-8 pH
Molasses
5 85-7 — 0-4 NH;-N
5 =79-6 + 27-4 pH

35 12:2 0-15 NS
33 103 0-39 NS
25 58 0-81 NS
28 10-1 0-13 NS
45 183 0-48 NS
B35 18-4 0-48 NS
30 11-9 0-14 NS
32 127 0-02 NS
46 14-6 0-73 NS
41 17-4 0-61 NS

Estimated using ammonia-N < 100 g kg~' N (Haigh and Hopkins, 1977).

Estimated using pH <4-4 (Haigh, 1983).
NS, not significant.

silage fermentation and that formic acid+formalin
and molasses treatment had little effect. No impro-
vement in animal performance resulted from addi-
tive treatment when the silages were offered to
growing lambs.
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