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Introduction
" =
oT M M M @™ >
= o mmmR A . < Expansion of production combined with a static market have led to surpluses in
o oo b= =
5 :'” aao 2 p > 4 milk and meat in the EEC. Under these conditions, an adequate profit can only
A B mmo s = be realized when the average cost per unit of animal product is minimized. As
- o1l S Py
§ - LK xz < feed costs constitute the greatest portion of total cost in ruminant production,
E E " ¥3g 8 this in turn means making maximum use of the cheapest source of food. Conse-
§§_ 8 ZZ= s quently, replacement of some of the concentrate feeds with lower cost forages
'gw% w4 ol a is an essential requirement on farms with a sufficient area of fodder crops.
2
Eg o oo Forage quantity and quality therefore becomesa vital concern.
® [= ]
: 4 - In this paper a consideration will be given to the effects of forage quality
&g on animal response.
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o Hg Fresh herbage
o =
o
= i ’ The amount of milk produced from grazed pastures or from cut herbage depends
EE" . o g b 2 on the potential of the animal and its intake of nutrients. The main herbage
E*:r;r : 'm' ' ' ' ’ ) CA quality factors affecting herbage intake are digestibility, dry matter (DM)
Hh H a< ; ’ " ; . .
o o 5 ﬂI'i OE} content and contamination with soil or dung. A more or less linear increase
‘_-_'}5 of . m EH in intake with increasing digestibility (up to 82 %) has been documented by
5'5 1 ! r],:} ] numerous authors (CORBETT et al., 1963; MINSON et al., 1964; OSBOURN et al.,
® o - 5 19665 ROHR, 1972; STEHR and KIRCHGESSNER, 1975). On the other hand, herbage
a @+ g ° 5 consumption is reduced with DM contents below 16 - 18 % (VERITE and JOURNET,
g* ) } ;f 1970; ROHR, 1972). This depression in intake has been claimed to be a palata-
E T+ h gj’ bility effect (LEAVER, 1985). The negative effect of dung contamination on
. =33 Go ] herbage intake is a well-known phenomenon and becomes increasingly important
oT nmmm Mo g - with increasing stocking rates (BOSWELL, 1971).
< 2% 7 >
G :1 1 rr L s = - 5 On high-quality pastures, herbage allowance is the dominating factor affecting
T T T QI N
" 3 % E 3 :% ;E 3 m intake and thus milk yield. In unrestricted grazing or zero grazing conditions,
- < ! gg = ;é 2 " ¢ DM intakes from spring and early summer pasture alone will support up to
& 3‘ B AN § C’z g 25 kg /d of milk (GORDON, 1976; LE DU and HUTCHINSON, 1982; MEIJS, 1983).
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However, a certain superiority of legumes in comparison with grasses must be
kept in mind. As an example, data on yield and composition of milk from early
lactating Friesian cows grazing either perennial ryegrass or white clover
(THOMSON et al., 1985) are given in table 1. In spite of mobilizing consider-
able amounts of body tissue, grass-fed cows produced significantly less milk
and milk protein than animals grazed on white clover.

Table 1: Data on food composition and dairy cow performance1)

in a comparative study with ryegrass and white
(THOMSON et al., 1985) g clover

Perennial ryegrass White clover
Food composition (g/kg DM):
Organic matter, OM 913
Crude protein 216 gg?
Neutral detergent fibre, NDF 394 235
Acid detergent fibre, ADF 229 215
Digest.organic matter, DOM 711 688
Performance data:
Milk yield (kg/d) 22.2 25
Milk fat (%) 4.15 389
_ _ (kg/d) 0.92 0.97
Milk protein (%) 2.98 3.09
_ ‘ (kg/d) 0.66 0.77
Live weight change (kg/d) - 0.21 0.01

1) weeks 4 to 18 of lactation

With little or no supplementary feed, milk production on pasture declines at
well over 2 % per week (LE DU et al., 1981; LEAVER, 1982). Apart from a mod-
erate decrease in herbage nutritive value (LE DU et al., 1981), this decline
must mainly be attributed to a reduction in DM and energy intakes as the season
progresses. Herbage consumption by grazing cows in autumn was shown to be

10 - 20 % lower than in spring (CORBETT et al., 1986; STEHR and KIRCHGESSNER,
1976). Cows with daily milk yields above 20 - 25 kg in the spring and 10 - 15
kg in the autumn need supplementary feed. Due to a displacement of herbage

by concentrates, however, the supplement does:rot result in a proportional supply
of nutrients. Substitution rates vary in relation to herbage allowance and
concentrate composition (MEIJS, 1984, 1986).

Turning out to pasture is usually associated with a depression in milk fat
and a slight increase in milk protein. The drop in milk fat is more pronounced
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with animals fed a well-balanced diet during the preceding Wwinter period
(HODEN et al., 1985). Milk fat from herbage-fed cows contains lower portions
of short- and medium-chain fatty acids and higher portions of long-chain/
unsaturated fatty acids compared with milk from animals fed typical winter

diets (table 2).

Table 2: Milk fat composition (molar %) during grazing
and indoor feeding (PRECHT et al., 1985)

Grazing Indoor feeding
C 4-C10 19.7 22 5
c 11 -C 15 13.6 18.7
C 16:0 22.8 30.1
C 16:1 1.8 1.6
c 17 1.8 1.5
¢ 18:0 8.4 5.6
C 18:1 26.8 16.7
C 18:2 2.7 1.8
€ 18:3 1.8 1.0
>C 18 0.6 0.5

As to the fractional composition of milk protein, BANKS et al. (1986) found
the relative portion of casein to be similar in milk produced with typical
summer and winter feeding. GRADISON et al. (1986) compared milks of two
groups of dairy cows grazing either white clover or ryegrass swards. The
clover milks contained moretxs- and 73-casein and a greater portion of small
micelles than grass milks. It must be stressed, however, that the legume-fed
animals had a considerably higher energy intake (THOMSON et al.. 1986).

High-quality pastures support high levels of live weight gain in growing-
fattening cattle without concentrate supplementation. In recent experiments
with finishing Friesian bulls (VON BOTHMER. 1987) and Simmental-cross bulls
(DURGIAI, 1989), live weight gains of 1.1 kg/d could be achieved with no
additional feed. The level of performance will largely be affected by the
preceding winter feeding and by the type (quality) of pasture. This has been
demonstrated by WRIGHT et al. (1989) with Charolais-cross steers and heifers

(table 3).
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Table 3: Effects of winter feeding level and of type of pasture
on level of performance (WRIGHT et al., 1989)

Winter feeding
Low Medium ' High
SOWn ryegrass pasture1)
Initial live weight (kg) 252 299
Final live weight (kg) 384 405 igi
Live-weight gain (kg/d) 1.07 0.86 0.71
Backfat area at end  (cm?) 4.03 4.42 4.14
Hill reseed?)
Initial live weight (kg) 260 305
Final live weight (kg) 403 421 288
Live-weight gain (kg/d) 1.16 0.94 0.72
Backfat area at end  (cm?) 2.85 4.03 3.20
Unimproved hillS)
Initial live weight (kg) 264 317
Final live weight (kg) 360 384 gg;
Live-weight gain (kg/d) 0.78 0.54 0.51
Backfat area at end (cm?) 2.40 2.67 3.17

Do o
JOM-Digestibility, OMD:77.3-83.7%, 2)oMD: 73.6-75.8%, 3oMD:61.8.70 41

Grazing systems must be designed to ensure an adequate daily allowance of
herbage, taking into account the increasing weight of the cattle as the season
progresses. Where herbage availability cannot be brought into line with the
increasing nutrient requirements of the animals, a satisfactory dressing
percentage and carcass quality will only be achieved with additional concen-
trates (VON BOTHMER, 1987).

Conserved forages

Contingent on lower intakes, conserved forages will usually supply the animal
with less nutrients then fresh herbage. However, the extent of depression

varies considerably with the type and quality of forage, the conservation method
and the animal species (DEMARQUILLY, 1973: DULPHY et al., 1984; DULPHY and
ROUEL, 1988). In most cases, hay is consumed in larger amounts then silage
(WALDO, 1977). This difference in intake, however, is not reflected in animal
response.

Depending on quality, DM intakes in dairy cows of 22 - 26 g/kg live weight
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can be expected if silage is fed as the sole diet (LEAVER, 1988). This cor-
responds to about maintenance plus 10 - 20 kg milk. In recent experiments
conducted by RAE et al. (1987a) cows in early lactation produced 21 - 23 kg/d
of milk with high-quality grass silage (> 11 MJ ME/kg DM) as the sole feed

(table 4).
1)

Table 4: Silage as a sole feed for dairy cows
(RAE et al., 1987a)

Site A B
Experiment No. 1 2 3 4 5
DM-content of silage (%) 35.5 | 33.5 | 24.6 21.2 22.2
ME-content of silage (MJ/kg DM) 1.5 1| 11.3 {11.5 11.2 10.6
DM intake 2) (kg/day) 13.6 }113.0 | 13.1 11.5 11.6
Milk yield (kg/day) 23.1 | 21.7 | 21.8 21.3 19.4
Milk fat (%) 4.05| 4.07| 3.93 4.00 3.02
Milk protein (%) 3.18| 3.12| 2.99 2.93 2.72
Live weight change (kg/day) -0.52| -0.43 | -0.41 | -0.49 | -0.65

2)

1) weeks 1-13 of lactation cows only, no heifers

This level of production, however, was achieved at the expense of considerable

body tissue.

Although concentrates are unrenouncable in dairy cows, every effort

should be made to increase the contribution of forage to the animal's nutrient
supply by optimizing the date of cut and by modifying and restricting fermenta-
tion through wilting or the use of additives. Increasing digestibility by
earlier cutting will generally increase milk output, the average response

being more pronounced with low/medium portions of concentrates (BERTILSSON

and BURSTEDT, 1983; PHIPPS et al., 1987). Differences between early and late
cut forages (time intervall: 2-3 weeks) are illustrated by a number of ex-
amples given in table 5.

Feeding early cut forages is also advantageous with regard to the milk protein
content (see Table 5). As far as the effect of season of harvest is concerned,
first-harvest silage resulted in higher DM-intakes and a higher milk yield
than silage harvested from the same sward in autumn (CASTLE and WATSON, 1970;

PEOPLES and GORDON, 1989).
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Table 6: Performance of dairy cows1) fed equal amounts of

Table 5: Effectg of early or late cut forages on intake
and dairy cow performance unwilted or wilted silage (HONIG et al., 1984)
Forage [Harvest | Duration | Forage Milk - : — : : -
; : _ Milk Milk Unwilted silage Wilted silage
type time of exp. OM di- [ DM intake (kg/d) ield i ) i
verias gesti- | concen- g y fat | protein (gé?dﬁg)formlc (no additive)
bility | trates Forage n=>59 n =60
(weeks) | (%) (ka/d)| (%) | (%)
: 2)
DM content of silage Kk 221 445
Data from BERTILSSON and BURSTEDT (1983) OM digestibility g (g/(%g 2l N
Hay Early 15 76.1 2.5 121 24.4 ) 4.36) 3.48 Intake (kg DM/day):
y —_— . ’ Concentrates 7.40 7.40
ay arly 15 74.7 6.2 14.4 24.3 | 4.49| 3.56 Mi '
. . . ‘ ; ilk yield (kg/d) 25.9 25.3
Late 15 63.9 6.3 12.4 23.4 | 4.19 3,24 Milk fat (%) 3.81 3.90
Data from THOMAS et al. (1981) Milk protein (%) 282 2.95
Si_Iage Early” 15 81.2 6.3 9.9 airy o FCM, 4 % (kg/d) 25.1 24.9
(wilted) Late 15 69.8 6.3 9.5 24.7 | 4.10 2 94 Live weight change (kg/d) 0.08 0.09
Data from KRISTENSEN et al. (1979)
Silage|Early 9 84.0 6.5 11.2 22 1) . 2) ;
i : ; ; 7] 3. : -
(wilted) |Late 9 696 6E '% ’ i g-g; g.;g weeks 5-18 of lactation corrected for volatiles
Data from TAYLOR and LEAVER (1984) Wilting has generally no influence on milk composition (ROHR and THOMAS, 1984).
Silage Early 25 72,9 7.8 | 8.7 24.1 | 4.06 3.38 In a number of experiments, however, wilted silage supported a higher level of
ate 25 64.8 7.8 7.6 22.1 4.10 3.31 milk fat (CHRISTIANSEN et al., 1971; BERTILSSON, 1987; ROHR et al., 1989), the
il Data from RAE et al. (1987) effect apparently being most pronounced with diets high in starchy concentrates
i
(lojge Eg{éy gg é?-g g-g 1;-2 ?3'2 4.32 3.19 (ROHR et al., 1989). When the intake of wilted silage was substantially higher
@ois; ) ) : 4.23 2.88 as compared to low-moisture silage, Swedish workers found also an increase in
u "
re milk protein (SPRONDLY, 1983; BERTILSSON, 1987).

1) time interval: 31 days

Wilting is an efficient means to reduce fermentation losses in the silo and to
increase DM intake. In most experiments, however, the higher intake in compar-
Ison to unwilted silage did not result in higher milk yields (ROHR and THOMAS,
1984; PEOPLES and GORDON, 1989). As this descrepancy can only partly be ex-
plaired by a somewhat lower digestibility of the wilted material, a lower ef-
ficiency of energy utilization has frequently been suggested. However, with
the same DM intake from unwilted and wilted material, a large-scale experi-

ment at our resarch centre showed no difference in dairy cow performance
(table 6).
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Silage additives may stimulate intake and milk yield to a certain degree. In
an analysis of data from dairy-cow experiments, WALDO (1978) found a response
in milk yield to formic acid of 4 - 6 %. As formaldehyde is suspected of
causing injuries of health, its use as silage additive is unlikely to continue.
As far as inoculants are concerned, hitherto results are conflicting (KENT et
al., 1988, 1989; COLENBRANDER et al., 1988; GORDON, 1989; MAYNE, 1990) and
more research work is required. Today, there is also an increasing interestin
cell-wall degrading enzymes as silage additives. At low concentrate intake,

a cellulase/hemicellulase preparation was found to increase the daily amount
of milk produced as well as milk protein yield (CHAMBERLAIN and ROBERTSON,
1989) . Further studies are necessary to confirm this effect.

In the furture more attention must be paid to milk quality factors like fat
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composition and suitability for cheese . making. The portion of unsaturated fatty
acids in milk fat is related to the 0il content of the forage (SAITO and
NAKANISHI, 1969; CHRISTIANSEN et al., 1971) and can therefore be expected to
be higher with early cut silage. Maize silage has been shown to decrease the
portion of oleic acid and the iodine number of milk fat (DROZDOV, 1985;
GRAVERT, 1988) and may thus impair the spreadability of winter butter. With
regard to cheese making, the provision of silages with low counts of clostridia
is a must. More than 30 years ago, THOME et al. (1957) produced evidence that
increasing numbers of clostrium spores in silage entail a corresponding increase
of spores in faeces and milk. Uniform wilting (SCHUKKING, 1978) and the use of
nitrite-containing additives (WEISSBACH and KOHLER, 1989) are helpful in pro-
ducing silages with low counts of lactate-fermenting clostridia.

Alterations in forage quality are of similar or even greater importance for
growing-fattening cattle than for dairy cows. As to the response of growing
cattle, comparisons between forages should rather be based on empty body or

three crops of grass after shorter growth intervals rather than.two crop§ aft?r
Jonger growth intervals. Intake, live-weigt gain and carcass galn were signifi-
cantly higher for the early cut silages. An improvement in animal performance

due to earlier cutting of herbage for silage was also reported by other authors
(THOMAS et al., 1980; STEEN and MC ILMOYLE, 1982b, 1982c; THOMAS et.a?., 1?88).
According to STEEN and MC ILMOYLE (1982b), the use of high digestib1¥1ty s?lage
is at least as important for mature, store cattle as for young, growing animals.
substitution rates are higher with early cut than with late cut silages and
higher in young than in mature animals (STEEN and MC ILMOYLE, 1982b). THOMAS_
et al. (1988) studied the composition of empty body gain of steers fed restricted
amounts (18 g DM/kg LW) of early-cut silage alone or late-cut silage alone or

with barley (table 8).
Table 8: Daily gains in live weight, empty-body weight and

fed grass-silage-
empty body components of steers
based diets (THOMAS et al., 1988)

carcass gains than on live weight gains. This is because gut fill may differ Early cut Late cut _lLatebcggey 5112323b§3%ey
) ) _ . : i silage+ba
considerably between hay-fed and silage-fed animals (MC CARRICK, 1966). Digest- ihiﬁgf ifﬂﬁﬁf (?2:28) (44:56)
ibility of hay or silage has a great effect on the productivity of beef cattle.
In summarizing 40 feeding trials, FLYNN and WILSON (1978) showed a clear re- ME-intake (MJ) 73.5 58.9 65.3 69.6
laFionshiP between DM digeétibility and animal performance in terms of live ti;ﬁgﬁiéght at (k) 53 354 382 408
weight gain and carcass gain (table 7). -
ins:
) v 798
i ight (g) 661 369 58
Table 7: Relationship between sila?e DM digestibility and E;ﬁiagi Eeight (g) 696 292 552 ??g
production of beef cattlel) (FLYNN and WILSON, 1978) Eriein (g) 87 133 1?33 307
Fat (9) 260
: . Eser‘gy (g) 12.24 5.48 223 e
DM digestibility (%) .
Efficiency of ME-
60.4 65.0 68.6 74.5 utilization for 1) 0.33 0.46
growth (kg) 0.33 0.26 . .
Number of trials 6 10 16 8
vean live weight gain (kg/d) 030 0-46 0.66 0% 1) Maintenance requirements were calculated from Agricultural Research
Mean carcass gain (kg/d) 0.23 0.33 0.41 0.51 Council (1980)

1 with silage as the sole feed

In the Irish trials, about 70 % of the variation in carcass gains of steers fed
grass silage as the sole feed could be explained by differences in digestibility
(FLYNN, 1988). In two experiments, STEEN (1984) examined the effects of increas-
ing the digestibility of grass silage offered to beef cattle by harvesting
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i formation with regard
Y G a3 compareg ntrol and HCOOH-treated silages is less pronounced. Fn i

. . _ . ‘ n ,
to late-cut silage. The amounts retained with early-cut silage, however, were z ‘e s s mEmmEn. At & cowmrison bebneen MRS & arc sk,
‘ | i i i i s gain.
less than those from a similar increment of ME achieved by substituting late- LN and O'KIELY (1984) found little difference in Ca:iast'g . eI 1

i id i less effective
ion that sulphuric acid is a :

ame to the conclusion ; e s
diet has been related to the lower portion of ME from digestible cell walls Ehan i edil Reserilhs o i cFfeshs @F HoGIIERTE 78

; 0); further elucida-
(THOMAS et al., 1988; BEEVER et al., 1988). (HAIGH et al., 1984; STEEN et al., 1990; CLEALE et al., 1990)

Several authors have studied the performance of beef cattle given silages of tion is necessary. ‘ . 1308 T3 %he prararential
either ryegrass or red clover, In animals of different sjze categories, in- In many regions of the European contlneﬁt,'malze si zxcellent S
takes and daily gains were higher with clover silage than grass silage of forage for growing fattening cattle. This is because dreses. T wpnrablice
similar digestibility (THOMAS et al., 1981; STEEN and MC ILMOYLE, 1982a; ce can be attained with just small amoun?s of covce ;ilage oy

TAYLER and WILKINS, 1976). With little or no supplementary feed, red clover " dies, however, it has been shown that high-quality grass

silage having a digestibility lower than grass silage nevertheless had a higher , ZZ?init;lY compete with maize silage in this respect.

intake and produced higher live-weight gains (TAYLER and WILKINS, 1976; DAY

Clover/grass silage vs. maize silage in diets for

et al., 1978). Table 9: growing-fattening bulls!) (LEHMANN, 1985)

In the EUROWILT experiments, DM intake in beef cattle was increased through - . Clover/Grass
wilting by 9 - 13 % (ROHR and THOMAS, 1984). Yet, the wilted silages without Silage: Maize 5 3
additive produced 5 ¥ lower live-weight gains than HCOOH-treated high- Group 1

moisture silages. Performance did not differ when both the wilted and un- 5 15 20
wilted silages had an addition of formic acid. When analyzing a series of Number of bulls

7 Irish experiments, FLYNN (1988) found higher intakes and somewhat higher Silage composition: ) 316 334 325
live-weight gains with wilted silage but carcass gains tended to be lower. DM content (MJ/ﬁg/Ea) 6.9 6.0 6.0
Where high dry matter contents could be achieved within a short period of NE content

time, daily gains and proteins accretion were similar or even higher with Intake: 12 0.9 0.9
“ilted as compared to unwilted silages (CHARMLEY ang THOMAS , 1989; HINKS et Concentrates Etg gm;g; 46 5.6 5.3
al., 1976). When taking into account a) the contribution of alcohols in aélage (MJ/d) 40 A

direct-cut silages, b) the reduction in digestibility on wilting, ¢) the dif- ) 1.1 1.13 107
£ { ; : ; Live-weight gain (kg/d) 36.6 35.2 36.7
erences in gut fill and d) the concentration of fat in the empty body, MJ NE/Kg LWG g

THOMAS and THOMAS (1988) interpreted results of CHARMLEY and THOMAS (1984)

1) 145-512 kg live weight

LEHMANN (1985) in Switzerland compared both forages in fattﬁzzn?_?uéligo;ir a
live-weight range from 150-510 kg (table 9). With no-morz e éases, e
trates, live-weight gains of 1.1 kg/d were achieve R~
Toncinenergy,content of the clover/grass silage was compensated by a hig
owe

32 % increase in gain. In analyzing 14 experiments conducted at Grange, DM intake.
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In an experiment at our station, medium-quality grass silage gave a lower
response in finishing bulls than maize silage (table 10)

Table 10: Finishing bulls (305-575 kg LW) with either

maize silage, beet top silage or ;
(DAENICKE and Rohr, 1988) o o o o>° Silage

References
pule e

Silage: Maize Beet-top Grass
Silage composition:
DM content (g/kg) 342
167
ggm (g/kg DM) 694 558 g??
(MJ/kg DM) 11.2 9.2 9.1
Intake:
Concentrates (kg DM/d) 2
: .65 2
ﬁélage (kg DM/d) 6.25 7:?3 g'gg
(MJ/d) 104 102 95
Performance data:
Live-weight gain (kg/d) 1.38
Carcass gain (kg/d) 0.71 é'gg el
Belly cavity fat (kqg) 47.8 43.4 39-84

On the other hand, beet top silage resulted in similar gains as maize silage

due‘to significantly higher intakes. As indicated by the lower amount of belly
cavity fat, the carcasses were less fat with the beet top silage
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HYGIENIC PROBLEMS IN CONSERVED FORAGE

Sven Lindgren
Department of Microbiology
Swedish University of Agricultural Sciences
Box 7025, S-750 07 Uppsala, Sweden

SUMMARY

Conservation of forage is traditionally based upon one or a mixture of some well
established principles 1ike reduction in water (drying), acidification, anaero-
pic storage and storage at low temperatures. Developments and modification of
feed storage systems during the last decades have mainly focused on efficiency
and economy of handling. These developments have resulted in systems with
deficiencies in biological function. For many of the new systems, unacceptable
microbial growth can be frequently observed. For the farmer the main conse-
quences of this growth in the forage are losses in nutritional value, reduction
in DM, heat production, loss in conservation efficiency and health hazards 1like
mycotoxicosis, infections and respiratory allergies for animals as well as
humans. In addition the dairy will be subjected to spore contaminated milk.

INTRODUCTION

After harvest, biological structures of vegetable nature are subjected to a
rapid microbial deterioration. This fundamental recycling of nutrients is in
conflict with the ambition of man to preserve food and feeds for later consump-
tion. When proper storage conditions are not obtained, deterioration restricts
the suitability of harvested products for animal feeding. The growth of micro-
organisms reduces the nutritional value and can lead to health hazards, e.g.
toxicosis, infections and respiratory allergies for animals as well as for
humans (Lacey, 1975; Woolford, 1990).

Factors affecting contamination and unacceptable growth in stored forage can be
identified from the field to the feeding table (see Fig 1). Conditions causing
an unacceptable microbial growth during storage are rather well documented, but
the influence of field associated problems are more obscure. f
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