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. PREFACE

The question of the effect of readily available
carbohydrate supplements on the utilization of
roughage by ruminants already interested me,
‘when I was employd in the Department of
Animal Husbandry, University of Helsinki. The
use of sugar supplements was also suggested to
me by Miss Maija-Liisa Salo, Dr. Agr. and
For., and my respected teacher, Professor Lauri
Paloheimo, Dr. Agr. and For., encouraged
me to start experiments with sugar supplements
fed to dairy cows on a hay diet (SyRjALA 1970 b).
I am very grateful to both these persons. The
increase in silage feeding was a further incentive
to study the effect of different carbohydrate
supplements on silage utilization.

The present study was carried out at the De-
partment of Animal Husbandry of the Agri-
cultural Research Centre in the years 1970—72.
I wish to express my sincere gratitude to Profes-
sor Martti Lampila, Dr. Agr. and For.,
for giving me the opportunity to perform this
work at his Department and for valuable advice
offered during the work.

I have had many interesting discussions with
Professor Esko Poutiainen, Dr. Agr. and
For., on various aspects of the study. I wish to
thank him warmly for many valuable comments
and suggestions, and his never failing interest.

I am indebted to Mr. Bengt Westerling,
Dr. Vet. Med., for the fistulation of the experi-
mental animals and to Mr. Erkki Vilimaa
and Mrs. Anna Torvinen for the excellent
care, which they took of the animals.

I am most grateful to all the persons who
helped me with the sample analyses, especially

Miss Ritva Kuosmanen, Mrs. Aino M a-
tilainen, Miss Maila. Kraatari and
Miss Leena Ijas, who performed the deter-
mination of volatile fatty acids. The determina-
tion of mineral and trace elements was carried
out in the Department of Animal Husbandry,
University of Helsinki, by Mr. Jaakko T o1 o-
n e n. My best thanks are due to him and Mrs,
Vappu Kossila, Dr. Agr. and For., Acting
head of the Department at that time.

I am also grateful to my colleagues for their
help with several practical and scientific ques-
tions, especially to Miss Lea Huida, Mag.
Phil., for discussions and assistance with chemi-
cal methods and Mr. Mikko T uori, Mag. Agr.
and For., for his indefatigable help with differ-
ent kinds of technical problems and for the
statistical treatment of the results. The computer
programming was done by Mr. Erkki N en o-
nen, Mag. Phil, for which I express my
thanks.

I am most indebted to Mr. Esko Vuori
who helped me to draw the figures, and thank
Mrs. Anna D amstrém, M. A, for checking
the English of the manuscript.

I am very grateful for the financial help given
by the Valtion maatalous-metsitieteellinen toi-
mikunta (The National Research Council for
Agriculture and Forestry) and the August
Johannes ja Aino Tiuran Maatalouden Tutki-
mussditié (Tiura Foundation).

I am greatly indepted to the Agricultural
Research Centre for the publication of this work.

Tikkurila, 10 October 1972
Liisa Syrjild
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SyrJALA, Lusa 1972. Effect of different sucrose, starch and cellulose
supplements on the utilization of grass silages by ruminants. Ann.
Agric. Fenn. 11: 199—276.

A comparative study was made of the effect of sucrose, potato starch and sul-
phite cellulose supplements on the utilization by ruminants of grass silages prepared
with different preservatives: ATV II (80 9, formic acid and 2 9, orthophosphoric
acid) in one experiment and A IV I (259, formic acid and 20 9, hydrochloric
acid), formic acid and Viher solution (26 %, formic acid and 70 9, formalin) in
the other. Each carbohydrate supplement was given at two levels constituting 15 9,
and 30 9, of the dry matter of the daily rations, which was 947 g in the first and
928 g in the second experiment. The suppleménts thus represented on the average
2—3 g and 5g per animal live weight. Pure silage diets were also given and the
silages used in the latter experiment were compared.

The experiments were performed with rumen-fistulated adult Finnish landrace
rams. A Latin-square design was used in both experiments. The experiments com-
prised digestibility and balance trials based on the quantitative collection method
with a preliminary period of 14 days and a collection period of 7 days, measure-
ments of silage consumption made in the preliminary period, and rumen fluid
and blood investigations. The pH, NH,-N and VFA were determined on rumen
samples and the haematological criteria, glucose, urea- and NH3;-N and mineral
and trace elements on jugular blood samples.

The sucrose and starch supplements had a rather similar effect on the apparent
digestibility of the silages. The digestibility coefficients generally decreased with
increasing amounts of those supplements, whereas with cellulose supplements they
tended to increase in some cases. The total concentration of the rumen VFA
clearly decreased with sucrose and increased with cellulose supplements, but starch
had a varied effect. Sucrose supplements decreased the relative proportions of
acetic and isovaleric acids, but increased those of propionic, butyric and valeric
acids, when compared with diets of only silage. The effect of starch and cellulose
on their proportions were not so clear. Sucrose supplements seemed to promote

- the utilization of the N content of silage better than starch and cellulose supple-
ments at the same levels, the sucrose diets showing a somewhat higher N balance
and biological value and lower rumen NH,-N contents than the other diets.

_ The intake, digestibility coefficients and N balance of the A IV I, formic acid
and Viher solution silages did not differ significantly from each other, except that
the digestibility of crude protein was lower in Viher solution silage than in the
other silages. The average rumen NH,-N content was lowest with Viher solution
silage and highest with formic acid silage. The total rumen VFA content was highest
with formic acid silage, lower with Viher solution and lowest with A IV I silage,
while there were only slight differences between different silages in the relative
amounts of the individual acids. The effect of different carbohydrate supplements
varied only slightly with the different silages.

The pH values of the rumen fluid, and the values of the blood analyses generally
remained within the normal ranges on all the diets. '
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INTRODUCTION

Grass and grass products are the main basis of
ruminant nutrition. As the indoor feeding
period in Finland lasts from 7 to 8 months,
harvested forage constitutes a large part of the
feeds. In recent years the proportion of grass
silage in winter feeding has greatly increased.
This is due not only to the demand for protein—
rich, home-produced and more economical food
for animals, but also to the great progress in
harvesting techniques and preservation methods.
Much research has thus been done and much
still remains to be done on the optimal utiliza-
tion of grass preserved as food for ruminants.

Since the high nutritive value of young grass
was established by Woobma et al. (1926, 1927,
1928) in the 1920, its preservation as a winter
feed for ruminants has attracted great interest.
Ensilage has appeared to be the most promising
form of preservation.

The object of storing green crops as silage is to
preserve the material with a minimum loss of
nutrients and with good palatability. The
methods for attaining this have been widely
investigated during the last decade. As the pre-
paration of silage is based on the activity of
microbes, attempts have been made to produce
conditions that favour the beneficial microbes,
while preventing the growth of the injurious
ones. The first, most essential step is to achieve
and maintain anaerobic conditions, thereby
inhibiting the wasteful activities of aerobic
. micro-organisms and oxidative enzymes of the
plant material. The second step is to stimulate
the formation of lactic acid so as to prevent
butyric acid fermentation and breakdown of
protein.

The respiration process and the action of
micro-organisms produce marked changes in
the chemical make-up of the ensiled material,
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which primarily affect the carbohydrates and
nitrogenous compounds of the raw material.

Glucose, fructose, sucrose and fructosans are
the main water-soluble carbohydrates in grass.
Their amount is extremely variable, and depends
upon the grass species, stage of growth, weather
and fertilizer application (Warre and Bovyp
1953, BreIREM and Urvesri 1954, Warte 1957,
1958, Mackenzie and Wyram 1957, Nowa-
Kowsky 1962, Saro 1965 a, 1965 b, Reip 1966,
Huokuna 1968). These soluble carbohydrates
are the main energy source for the micro-organ-
isms, of which lactic acid bacteria are the most
important, since under ideal conditions they
rapidly make growth conditions inhibitory for
the undesirable butyric acid-forming and pro-
tein-degrading bacteria. The fermentation pat-
tern is, however, not simple, even when only the
lactic acid bacteria are considered. In silage two
fermentative types of these organisms are always
encountered: homofermentative and hetero-
fermentative. Under anaerobic conditions, the
first-mentioned type forms only lactic acid from
glucose and fructose, while the second also
forms alcohols and CO, (Woop 1961).

The organic acids of plant material (»plant
acids») also affect the fermentation of silage.
Considerable attention has recently been given
to their content in plants and silage (WiLson
and T1LLEY 1964, L’EssarD and McDonAaLD 1966,
Prayne and McDonaLp 1966). They amount
to 4—5 9, in the dry matter of young grass and
to 8—10 9, in legumes, the commonest being
citric acid and malic acid. Besides phosphates
and proteins, these organic acids and their salts
constitute important buffer systems in the plant
(PLayne and McDonaLp 1966). Lactic acid
bacteria will readily dissimilate malate and
citrate by a number of pathways (WHITTEN-



BURY et al. 1967) producing acetic acid, lactic
acid, formic acid, acetoin, alcohols and CO,.

The changes connected with the nitrogenous
components of the crop vary considerably and
are important from the point of view of losses in
silage., The harvesting of a forage crop is followed
by rapid and extensive proteolysis which is ter-
minated only by the attainment of either a high
dry matter level (KappELLE and Postma 1952,
Uwvvsestt et al. 1954) or a low pH (VIRTANEN
1933). Virtanen has shown that protein break-
down is almost inhibited below pH 4.0 and
that the ammonia nitrogen increases with the
pH value. Together with the pH value and the
organic acids, the ammonia content of silage is
considered a criterion of its quality. Even in
well-preserved silage, about 50—60 9, of the
protein is broken down, a considerable part of
the degradation products being amino acids.
A part of the amino acids is further degraded by
clostridia. Destruction of amino acids is by three
main pathways (BARkER 1961): 1) oxidative-
reduction resulting in the production of fatty
acids, CO, and NHj; 2) deamination to fatty
acids, CO, and NHj; 3) decarboxylation with
the fermentation of amines.

If the changes in the chemical composition of
grass during ensiling are examined from the
standpoint of standard food analyses, some
changes can be seen in the interrelations of dif-
ferent components. The N-free extract in the
dry matter of the silage shows a decrease and
all the other constituents, with the exception
of true protein, show a slight increase compared
with those of fresh grass (Watson and Nasu
1960). The organic acids formed during fermen-
tation from N-free extract are dissolved in
ether and are thus included in the crude fat
fraction.

In the fermentation processes occurring dur-
ing ensiling the sugars and other soluble carbo-
hydrates thus disappear more or less completely,
depending on the preservation methods used.
This does not need to mean that they are com-
pletely lost to the animal. A large proportion of
these soluble carbohydrates is converted to lactic
acid, which has a feeding value almost as great

as that of glucose (BArRNETT 1954). Also the
volatile fatty acids possess considerable value,
being absorbed both directly from the rumen
and through the intestinal wall. However, these
fermentation products are not an energy source
for so large an amount of the rumen microbes as
the soluble carbohydrates.

Since TAPPEINER (1884) established the im-
portance of the rumen microflora as a digesting
agent, it has been known that the utilization of
feed by ruminants depends to a great degree on
these rumen micro-organisms. Through their
action a significant portion of the relatively
indigestible plant polysaccharides is degraded
and fermented, thereby yielding products useful
to the animal. If a high roughage diet is to be
efficiently utilized, it is therefore important to
consider not only the requirements of the animal
itself but also the requirements of these mi-
crobes. Various factors and conditions have been
shown to influence the extent of their degrading
and synthetizing work in the rumen. One of the
nutritional factors is the proportion of different
carbohydrates in the ration.

Information 1s lacking on the effect of adding
sugars or other readily available carbohydrates
as an energy source for rumen micro-organisms
when feeding silage. Experiments concerning
the use of different carbohydrate supplements
with other forage, such as hay, have given widely
varying results (MrrcHELL and HamirTon 1940,
Hamirton 1942, Barnerr and Rem 1961,
Komkris et al. 1965, Surton 1968, KELLOG
1969, SyrjALA 1971 b).

The purpose of the present study was to
investigate the factors affecting the utilization of
grass silage, especially its nitrogenous but also
other components. Attention was mainly direct-
ed to the different silage preservatives and
carbohydrate supplements used with silage diets.
The experimental silages were made with the
preservatives commonly used in Finland: AIV I
and II solutions, Viher solution and formic acid.
Different amounts of sucrose, starch and cel-
lulose were used as energy sources when feeding
these silages. The experiments, which were made
with rumen-fistulated adult rams, consisted
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mainly of digestibility and nitrogen balance
trials and rumen fluid and blood investigations.
The results of growth experiments with cor-

responding diets fed to young lambs will be
published in a separate paper.

REVIEW OF THE LITERATURE

Ensiling methods

Different procedures have been used to ensure
that the fermentation taking place in ensiled
protein-rich grass will be of the kind producing
good-quality silage. For instance, the grass is
wilted or, when this is impracticable as in rainy
are added. These
usually include sugar, sugar-containing fodder
substances, acids, acid salts, and chemicals of
selective bacteriostatic effect.

conditions, preservatives

Pre-treatment of crop

It has proved difficult to obtain satisfactory
silage from young fresh grass or legumes without
the use of preservatives (VIRTANEN 1952, Brei-
rREM and Uwvrvesur 1954). Many experiments
(SHEPHERD et al. 1946, MurpocH 1954) have,
however, shown that wilting the grass to a dry
matter content of 30—35 9, results in good-
quality silage and small effluent losses. The

‘quality of wilted silage is good, even at pH
values of about 5 (DijksTRA 1952, KAPPELLE and
Postma 1952). According to the experiments of
McDonNALD et al. (1968), the more silage is pre-
dried the more sugars it contains. The favour-
able effect of the high dry matter content may
also be due to retardation of acetic acid and, in
particular, butyric acid fermentation. This has
been supported by investigations showing that
the development of butyric acid-forming clostri-
dia bacteria is promoted by excessive moisture
(STIrRLING 1954). The breakdown of protein and
the amount of ammonia have been shown to be
lower in wilted than in unwilted silage (KAPPEL-
LE and Postma 1952, Uvrvestr et al. 1954,
MurpocH et al. 1955). From the standpoint of
feeding, an advantage of silage with a high dry
matter content is that the animals consuming it
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tend to ingest more dry matter (SHEPHERD et al.
1946, PRESTHEGGE 1959).

Laceration promotes fermentation by making
the nutrients in the plant sap more available to
the bacteria (Jarr 1951, StirLing 1954,
Uvrvestr et al. 1954). It has been shown. that
crushing favours fermentation more than chop-
ping (WaTson 1952, BreireEm and ULvesLr 1954,
BarnNeTrT 1954). Laceration also reduces the
amount of preservatives required in silage mak-
ing (Jarr 1951, BrReREM and Urvestr 1954).

Stimulation of lactic acid fermentation

Lactic acid fermentation may be stimulated
with a view to lowering the pH value of silage
below the critical point (pH 4). In foods con-
taining plenty of soluble carbohydrates this
decrease in pH has been achieved without the
addition of extra carbohydrates. When the
material contains less soluble carbohydrates and
more protein, the addition of carbohydrates has
given better results. Supplements of molasses
(JARL 1947, AxerssoNn 1952) and raw sugar
(KUCﬁLER and WacHTER 1931) have given good
acid fermentation, as has done also the starch of
cereals and potatoes (DrxsTtra 1952, ArcHHI-
BALD and KuzmEeski 1954, NorpreLDT 1955).
Cultures of lactic acid bacteria have been added
in attempts to control and increase lactic acid
fermentation in silage (KucHLER and WACHTER
1931, Papenpick and Bruan 1970).

Direct acidification

Acids had been added to grass (WaTson and
Nasu 1960) even before the development of the
AIV method, but their practical application



was made possible by the discovery of the
favourable range pH (pH 3—4). The experi-
ments of VIRTANEN (1929) showed, that this
values within this range can be achieved with
different acids and salts. However, he gave
priority to the strong mineral acids because of
their low price. The mineral acids gradually
react with the basic components of the fodder
and thus the final acidity of the silage depends
on the organic acids. The first AIV solution
contained 2 N HCI. (VirTANEN 1933); later this
was superseded by a 14 N solution of H,50,
and HC], which was applied to silage after
dilution with water (1 part acid to 6 parts water)
to give a 2 N solution. This solution was given
at the rate of 5—8 1 per 100 kg food.

The improvement of harvesting techniques
made it possible to decrease the amounts of
acid, because the acid can react more easily with
chopped or crushed grass. Thus weaker acids
could be used for prcservétion. In the solution
known as AIV I, the H,SO, has been replaced
be formic acid (Kreura 1969). It contains 25 %,
formic acid (86 9,) and 20 9, hydrochlorid acid
(37 %) and is used at the rate of 4.3—4.5 1 per
1 000 kg grass.

Besides acids, many salts are used as preserva-
tives in silage making. Of the acidic salts, sodium
bisulphate and ammonium bisulphate have
been employed in many investigations (ULVESLI
and Saue 1965, Luk$o 1966, McCarrick 1969).
Ammonium bisulphate is used in Finland under
the name AIV salt. Sodium bisulphate is
known as Reymersholm salt. Reymersholm
phosphate (NaHy (PO,),.NaHSO,), ammo-
niummonohydrophosphate and some salts of
formic acid, such as Kofa salt, have also been
used in ensiling (ScHARRER et al. 1952, Por-
JARvI 1955, Watson and Nasa 1960, ULvEsL1
and Saue 1965).

There is a tendency in grass preservation to-
day to change strong acids for organic acids.
Formic acid has received most attention. It was
first proposed as an additive by Dirks in 1923

‘ (cf. BreiremM and Urvesrtr 1960), and has been

marketed in Germany under the trade name of
Amasil. In recent decades interest in experi-
ments with formic acid has increased (Jarr 1951,
SGHARRER et al. 1952, UrvesLi and SAUE 1965,
CasTLE and WaTson 1970, TavLor and PHIL-
rips 1970). In Finland the use of formic acid was
recently introduced, both by itself or mixed with
a small amount of phbsphoric acid. The name
of the last-mentioned solution is AIV II. It
contains 80 9%, formic acid (86 %) and 29,
orthophosphoric acid: (85 %,). As in the case of
pure formic acid, a suitable rate is 4 1 per 1 000
kg grass (Kreura 1969). The preservative
effect of formic acid is partly due to the reduc-
tion in pH it causes, and also to the selective
to exercise

antibacterial effect it appears

(VIRTANEN 1969).

Use of chemicals having selective bacteriostatic effect

Attempts have been made to inhibit the
growth of injurious bacteria in the grass mass by
using chemicals having a selective bacterio-
static effect. In this case the pH of the silage need
not be under 4. This method is based on the
fact that the lactic acid bacteria tolerate the
chemicals better than the butyric acid bacteria.
The duration of their effect should be short,
so that they do not disturb the growth of the
rumen micro-organisms. Among the chemicals
used, are nitrite, bisulphite, formaldehyde and
common salt (Watson and Nasa 1960). NaCl
is the one of the oldest chemicals in use. The
effect and dosage of formaldehyde were in-
vestigated at the beginning of the 1930’s
(KucHrLer and WacHTER 1931), and in Finland
the »Viher» solution, consisting of formaldehyde
and organic acid, came on to the market. It
first contained 26 9, formic acid and 70 %,
formalin (37 9, formaldehyde; VIrRTANEN, O. E.
1970) but later the formic acid was replaced by
acetic acid. In the present experiments, the acid
used in the Viher solution was formic acid.
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Silage quality and its evaluation

The term »silage quality» is generally used to
denote not the nutritive value of the silage, but
the extent to which the silage fermentation has
proceeded in a desirable manner. A subjective
evaluation of silage on the basis of appearance
and odour is of some value, but is not very
reliable.

Fundamental studies conducted by VIRTANEN
(1933, 1952) have shown that a desirable type
of fermentation is promoted by a high degree of
acidity and he asserts that the pH of silage
should not exceed 4.0. Many other investigators
(STEENSBERG 1948, DijxsTrRA 1952, KAPPELLE
and PostMa 1952, BREIREM and ULvesL1 1954)
have confirmed these conclusions. It has, how-
ever, been shown that when silage is made from
wilted grass containing more than 35 9, dry
matter, its quality can be good even with pH
values as high as 5.0 (DyyksTRA 1952, KAPPELLE
and PostMa 1952). Since the pH is not always a
reliable index of quality, it is necessary to use
other criteria as well, and it is usual to determine
the contents of lactic acid and volatile fatty acids
(VFA), primarily acetic acid and butyric acid,
too (Watson and Nase 1960). The so-called
Flieg’s value (Friec 1938) is widely used and is
based on the proportions of lactic, acetic and

’

butyric acids present, all expressed in milli-
equivalents. The introduction of chromato-
graphic techniques has facilitated the determi-
nation of VFA.

Besides the pH, lactic acid, acetic acid and
butyric acid, the amount of ammonia nitrogen
(BremreMm and Uvrvesri 1954, NorpFELDT 1955,
WIERINGA 1966) has also been used as a criterion
of the quality of silage. BREIREM and ULVESLI
(1954) give the following values as indicative of
quality in grass silage:

pHvalue ..........ccoooiht. 4.2

Lactic acid  ........eeiiniann. 1.5—2.5%
Aceticacid ......... .. .ol 0.5—0.8 %
Butyric acid ..o, < 01%
NH;-N 9% oftotal N ............ 5—8

NissoN and Nirsson (1956) used the contents of
butyric acid and ammonia nitrogen as indi-
cators of silage quality giving five quality
groups for silage according to the following
scheme:

Quality NH,-N % of total N Butyric acid
Very good .......... < 12,5 < 0.10
Good .............. 12.6—15.0 0.11—0.20
Medium .......... ©15a—I17.5 0.21—0.30
Bad .............. 17.6—20.0 0.31—0.40
Verybad .......... > 20.1 > 0.40

Factors affecting the nutritive value and intake of silage

The digestibility and feeding value of silage
depend mainly on the corresponding values of
the raw material, which are further greatly
influenced by the plant species and the stage of
- growth and also by fertilizer application. In

addition, the procedures used in silage making,
as pre-treatments of the crop and the addition
of preservatives, can affect its value as a feed for
animals, by leading to nutrient losses and pos-
sible changes in the digestibility and intake of

" the crop. The other feeds offered to the animals
at the same time as silage can also affect its
utilization.
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Grass species

Harris and Ravymonn (1963) investigated the
relation between. grass species and the digesti-
bility of silage. The digestibility of silage made
from ryegrass was slightly higher than that of
cocksfoot and meadow fescue. Similar differences
relating to the raw material have also been
shown by Minson et al. (1960, 1964). In in vitro
trials, STeen (1968) found the digestibility of
organic matter to be 77.1 %, with timothy grass,
76.3 %, with meadow fescue and 75.1 %, with
cocksfoot. PorjArvi (1929) also obtained a
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higher digestibility value for meadow fescue
than for cocksfoot.

Stage of growth of grass

It is widely known that changes in the chemi-
cal composition of sward grasses take place as
they age. These changes concern mainly the
content of crude protein, which decreases, and
that of crude fibre, which increases (GEERING
1941, Huoxkuna 1960, Saro 1965 a, FARRIES
1966, WiLson and McCarrick 1967, RaNINKO
1968). The growth stage of grass has been found
to have a great effect on its digestibility (Rem
et al. 1959, Minson et al. 1960, 1964, O’SuEA
and BrownNe 1964, WincH et al. 1970, PEDER-
SsEN et al. 1971). With an increase in the age of
the herbage, the content of VFA in the rumen
fluid also decreases (Davey 1965). The intake
of grass has been shown to decrease with the
increase in crude fibre content (HALLEY and
DovucarL 1962). Similarly, the digestibility and
feeding value of silage can be expected to
change with the stage of growth of the grass
(Watson and Nasa 1960).

Harrrs and Raymonp (1963) found that when
the grass for silage was harvested before the
emergence of the ear, the digestibility changed
only slightly. After that it decreased rather fast.
The same results were obtained by PouTiAINEN
and RinnE (1971). They compared silages made
from meadow fescue-timothy grass at four dif-
ferent growth stages, with one week between
each. The digestibility value (%,) of the organic
matter decreased by 0.47 and that of crude
protein by 0.43 per day until the third cutting
time, when 20 %, of the meadow fescue had
ears and the first ears of timothy were visible.
After that the digestibility value decreased by
about 1 per day. The amount of nitrogen re-
tained by sheep was also smaller when the stage
of growth of the grass was more advanced. In
the experiments of Kormos and CHESTNUTT
(1966), the digestibility value (9,) of timothy-
meadow fescue-clover silage decreased by 0.5—
0.6 per day during 19 days. Craven (1963)
showed that early cutting resulted in high

digestibility of the silage as well as high con-
sumption when it was fed ad lib. to sheep,

as follows
Daily con-

Date of  State of Crude fibre, Digestibility sumption of
cutting  maturity % coefficient DM per sheep,

kg
June 1 Young leafy 18.9 77.3 1.08
June 9 Late leafy 24.3 75.5 0.s6
June 15 Ear emergence 25.5 73.3 0.78

In general, the consumption of silage has been
shown to diminish as the stage of growth
advances (Murpock 1965, 1967, POUTIAINEN
and Rinne 1971).

Nitrogen fertilization

Increased N fertilization has been shown to
decrease the dry matter and sugar content and to
increase the crude protein and nitrate content of
grass, whereas its effect on the crude fibre
content varies (Nowakowsky 1962, OLoOFssON
1962, Hormes and Lanc 1963, JANTTI and
KovLijArvr 1964, Barrow 1965, REm 1966,
WieriNca 1966, Huokuna 1968, RANINKO
1968, SteEN 1968, Etrara et al. 1971). The
changes in digestibility and palatability have
been observed to be rather slight (Hormes and
Lanc 1963, Cameron 1966, R et al. 1966,
LEesLIE et al. 1968).

High N fertilization can produce abnormal
changes in silage fermentation (WIERINGA 1966,
Fox and Brown 1969), which can affect the
palatability of the silage (Gorpon et al. 1964,
CastLe and Watson 1969). Carison (1963)
found increased protein content and protein
digestibility in silage made of grass which had
received increased N fertilization. No differences
were found in the feeding value or in thecontent
of volatile fatty acids in the rumen after feeding
those silages. ScuMEKEL (1967 a) studied the
effect in sheep of varying levels of N fertilization
on the rumen digestion of timothy silage. The
nitrogen dressing was 186, 116.2 and 25 kg N
per hectare. He found positive correlations
between the level of nitrogen dressing and 1) the
protein content of the feed and 2) the NHg-N
content and 3) the isoacid content of the rumen
fluid.
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Pre-treatment of crop

A low intake of silage has often been as-
sociated with a high moisture content (McGuL-
LouGH 1961, TaoMmas et al. 1961). The intake
has been successfully increased by reducing the
moisture content of the forage before it is
ensiled (Moore et al. 1960, Murpocr 1960,
1964, Tuomas et al. 1961, Harris and Ray-
MOND 1963, WELLMAN 1966, ALDER et al. 1969).
Kormos and CHEsTNUTT (1966) have shown
that the digestibility is lower in silage made
from wilted than fresh grass. They think that
this is due to the higher temperature of wilted
grass during ensiling. Similar results have been
obtained in other investigations (INoue and
OnvaMa 1966, FArrIEs 1969). STRICKLAND et al.
(1966), however, did not find any differences in
the digestibility of silage made from fresh and
wilted grass.

According to the experiments of MurDOCH
(1965), chopping -and crushing the raw material
increase the intake and digestibility of silage.
Poryirvi (1950) also obtained better digestibility
for AIV silage made from chopped than un-
chopped timothy grass.

Added preservatives

Watson and Nasu (1960) collected and com-
pared the results of numerous experiments con-
cerning the nutrient losses and quality of differ-
ent silages. The differences between the preserva-
tives used are very difficult to detect, because
so many factors influence these values. In
practice the nutritive value and intake of silage
often depend on how well ensiling has succeeded.

PorjArvi (1955) compared silages prepared
with AIV, Calcifor and Kofa and without any
added preservative. The digestibility percent-
ages of the organic matter were, respectively:
77.6, 72.5, 73.3 and 72.1. PouTiaiNeN and Huipa
(1970) compared the digestibility and nitrogen
retention of meadow fescue silages prepared with
four different preservatives, AIV I, AIV II,
Viher solution and formic acid. In the Viher
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solution silage, the digestibility of the dry matter
and crude protein were significantly lower but
the N balance slightly higher than in the other
silages. CasTLE and WaTtson (1970) compared
the feeding values of timothy-English ryegrass
silages prepared with and without formic acid,
and found that the former silage was better in
respect of all the nutrients except protein.

The effect of the ensiling methods on the
intake has been shown to be variable (WaTson
and Nasu 1960). OsLace and Ospace (1958)
did not find any differences in the consumption
by dairy cows of AIV silage and silage prepared
without preservatives. In the experiments of
McCarrick et al. (1965), the cows ate more
of the silage prepared with molasses than of that
prepared with ammonium bisulphate. ScHME-
KEL (1967 b) found in experiments with sheep,
that ensiling preservatives can influence feed
consumption as follows:

DM consumption g/day/

Preservative sheep
Reymersholmsalt ............ 510 - 35
Silotex (Na,S,O0f) cvvvevvenn.. 644 - 22
None ....coviiiiiininnnennnnn 718 + 25
Kofasalt .................... 750 4- 47
Malt-cereal ............c..... 774 4 19

SAue (1968) compared the value of silages
prepared with AIV solution, formic acid,
molasses and without added preservative as a
feed for lambs and obtained the best results with
formic acid silage and the poorest with silage
prepared without a preservative.

Lampira (1960) investigated the effect of
different preservatives on the rumen ammonia
content of the cow. The silages had been
prepared with AIV salt, AIV solution, Calcifor
salt and without any preservative. The mean
ammonia concentrations during the 12-hour
period between feeding were, respectively:
0.903, 0.726, 0.683 and 0.705 mmol per 100 ml of
rumen ingesta. SCHMEKEL (1967 ¢) and SAUE
(1970) also found that different preservatives
have different effects on the rumen digestion.
Schmekel also measured the VFA content of
the rumen fluid of sheep.



Feed supplements

Considerable work has been done by McCut-
LoucGH (1961, 1966) on the effect on the utiliza-
tion of other feedstuffs, concentrates or hay,
given at the same time with silage. An increase
in the concentrate and hay levels decreased the
intake of silage and the effect of the concentrate
was more pronounced than that of hay. Similar
results have been obtained with concentrates by
other investigators (MATHER et al. 1960,
Brown et al. 1963, Murpock and Hopagson
1967). WeLLMANN (1966) found that adding
from 3 to 9 9, of carbohydrate-rich concentrate
increased the silage intake. NorDFELDT (1966)
tried to find the most favourable relative quanti-
ties of silage, concentrate and hay in the ration.
If the herbage was silage or hay alone, the best
results in milk production were obtained when

the proportion of concentrates was 60 %,
Wikns (1970) showed in experiments with
sheep that dried grass pellets may be a useful
supplements to silage rations.

The most suitable proportions of hay and
silage in feeding have been widely investigated
(HiLman et al. 1958, PRESTHEGGE 1959,
BrowN et al. 1963, WaLbo et al. 1965, 1969,
Drjxstra 1965, 1970, CamprLiNG 1966, THOMAS
et al. 1969, Papenpick and Brurn 1970). The
consumption by cows of silage and hay prepared
at the same time from the same raw material has
been shown to be about the same. WarLLin
(1968) found that the rumen digestion was the
same with hay and silage when they were the
only herbage in rations for cows. WALDO et al.
(1966) found that nitrogen retention was less
and the amounts of rumen ammonia greater
when feeding silage than when feeding hay.

Effect of carbohydrate supplements on the utilization of roughage

Attempts have been made to improve the
utilization of roughage by ruminants by adding
different carbohydrates to the rations. Although
the value of carbohydrate supplements has been
accepted, it is not yet definitely known which of
the more or less soluble carbohydrates em-
ployed, and what proportion of them, best
promote the efficient utilization of the basic feed.

Digestibility

It was known as early as the last century that
the addition of sugar and molasses to the diet of
the ruminant depressed the digestibility of crude
fibre (BArRNETT and REm 1961). Similar ob-
servations on the digestibility of crude fibre
and also of other feed components have been
reported by Brices and HELLER (1940, 1943),
Mirrcaerr. and Hawmiton (1940), HaminTon
(1942), SwrFt et al. (1947) and MarTIN Jr. and
Wine (1966), who added soluble carbohydrates
to diets of different composition. In experiments
with dairy cows WiLLiams (1925) found that the
digestibility of crude protein was clearly depress-

ed by the addition of molasses amounting to 15
and 25 9, of the concentrate mixture in a ration
containing hay and maize silage. The effect on
the digestibility of other nutrients was variable.
On the other hand, Komkris et al. (1956)
reported that the digestibility of organic matter
and N-free extract increased with the level of
molasses.

Starch has also been found to have a varied
effect on the digestibility of a roughage diet.
The experiments of BurroucHs et al. (1950 a)
showed that the addition of 1.s kg of starch to a
ration of roughage fed to steers reduced the
digestibility of crude fibre from 60 to 13 %,.
Cuapperl. and FontEnor (1968) replaced
cellulose in a purified sheep ration with a 1:1
mixture of glucose and maize starch at levels
ranging from 0 to 48 9, and found that the
digestibility of cellulose was significantly reduced
when the levels of these readily available carbo-
hydrates exceeded 32 %, Dry matter and energy
digestibilities were higher, though not always
significantly so, in rations containing 8 %, or
more readily available carbohydrates. KANE
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et al. (1959) noticed that the addition of 2.7 kg
starch to an alfalfa ration fed to dairy cows had
no effect on the digestibility of the alfalfa when
an adaptation time of 20 days was allowed be-
fore commencing the trial. When no adaptation
period was given, the starch decreased the
digestibility of the dry matter, protein and
N-free extract.

Erris and PranpeRr (1958) used varied cellu-
lose and nitrogen levels in a semi-purified diet
fed to lambs. The rations were adjusted to
supply one of three levels of cellulose (21.4,
31.4 or 41.6 %,) and one of three levels of nitro-
gen (1.es, 2.05 or 2.45 %,). Increasing the cellulose
level depressed linearly the digestibility of
total
increased linearly
cellulose and ether extract digestibility. Ap-
parent nitrogen digestibility was not significantly
affected. Maximum digestibility was observed
with rations containing 2 9, of nitrogen. SmiTa
et al. (1966) found that dry matter and energy
digestibilities decreased with increasing levels of
cellulosz 02 purified diets for calves.

The effect of readily available carbohydrates
on the action of rumen micro-organisms has
been studied both in vive and in vitro. The results
have suggested that rumen microbes are highly
sensitive to changes in sugar concentration, and
that at some levels carbohydrate supplements
may in fact stimulate their activity. HorFLUND
et al. (1948) found that 0.:.—0.2 %, of glucose
promoted cellulose digestion in wvitro, while
higher levels depressed its digestibility. Jn vivo
experiments with sheep showed that cellulose
digestibility was improved by supplements
bringing the level of sucrose to 1 and 3 9, and
depressed when its level was raised to 9 %,
Burrouass et al. (1950 b) showed small amounts
of molasses to have a stimulating effect on cel-
lulose digestion iz vitro. Arias et al. (1951) and
Berasco (1956) obtained similar results with
starch. Arias postulated the need for small
amounts of readily available energy to promote
cellulose digestion. How great this amount
should be for maximum cellulose digestion and
also for maximum roughage utilization is not

organic matter, N-free extract and

digestible nutrients, and

214

yet' known. Er-Smazry et al. (1961) supposed
that the inhibition of cellulose digestion by
starch was due primarily to competition for
nutrients between the cellulolytic and amylo-
lytic groups of rumen bacteria, the main nutrient
being nitrogen.

-

Nitrogen retention

The effect of added carbohydrates on dietary
N utilization, measured as N retention, has been
studied in many experiments. Faecal N losses
were greatest when soluble carbohydrates were
included in the diets (OLTJEN and Purnam 1966),
which explains why the addition of sugar de-
creased the apparent digestibility but not
the true digestibility of protein of hay or hay
and concentrate (Hamimton 1942, FONTENOT

-et al. 1955, SyrjALA 1971b). Heap (1953)

noticed that N retention was not decreased by
the addition of starch to the ration, although
the digestibility of N-containing material was
depressed. Similar results have been reported by
Monro (1951), Dror et al. (1969), Du Prissis
and Merwe (1969). With increasing levels of
readily available carbohydrates in the diet
urinary N showed a decreasing trend (Cuar-
PELL and FoNTENoT 1968), whereas each in-
crease of cellulose increased the daily urinary N
excretion (ErLris and PFANDER 1958). FoNTENOT
et al. (1955) found that increasing additions of
sugar produced progressive increase in the
estimated (Thomas-Mitchell) biological value
of the nitrogen of rations containing different
levels of protein.

The observations that readily available carbo-
hydrates can increase N retention and depress
apparent digestibility of dietary protein would
appear to be related to the finding that an
increase in the rate of ruminal ammonia forma-
tion from nitrogen-rich material is accompanied
by a decrease in the utilization of nitrogen.

Rumen fermentation products

Ammonia production

Ammonia is produced in the rumen by the

metabolism of nitrogenous compounds. Its



concentration in the rumen varies from 0 to
130 mg/100 ml (Jorns 1955) and represents a
balance between utilization by rumen bacteria,
metabolism in the rumen wall, absorption into
the portal vein and passage into the omasum
(Ti.Lman and SmuU 1969). Many nutritional
factors have been shown to affect the ruminal
ammonia concentration. CHALMERS and SyNGE
(1954) have demonstrated with nitrogen balance
experiments that the more soluble proteins
produce more ammonia in the rumen and are
not utilized so well by ruminants. Certain pro-
cessing of dietary protein, for example heating
(CHALMERS et al. 1954, SHERROD and TILLMAN
1962, 1964, LitTLE et al. 1963, GLmvp et al.
1967, Hupson et al. 1970) and formaldehyde
treatment (FErcuson et al. 1967, Remls and
Tunks 1969, Faicuney and Wseston 1971,
Hucues and WirLiams 1971), can promote
increased nitrogen utilization by reducing the
rate of the degradation of the proteins and thus
the ammonia production in the rumen. Similar
results were obtained when soluble proteins were
given directly into the abomasum of the animal
(Res and Scmmncker 1961, CorLEBROOK and
Re1s 1969, Orskov et al. 1970).

The addition of readily available carbo-
hydrates to the diet has also been found to
depress ammonia formation in the rumen
(McDonNALD 1952, ANNIsoN et al. 1954, ANNISON
1956), the extent of the depression being ob-
served to depend on the sources of the carbo-
hydrates. LEwis and McDonaLp (1958) found
that levan and starch were more effective in this
respect than either glucose or xylan, and that
cellulose had only a slight effect in reducing the
concentration of ammonia. The effect of varying
the amounts of carbohydrate added, has, how-
ever, received less attention. The decreased
ammonia level obtained when starch or sugar
(PriLLipsoN et al. 1959, KuriLow 1965) were
added may be partly due to an increase in the
numbers of bacteria that can utilize ammonia
nitrogen. Rers and Rew (1959) found in in vitro
experiments that conversion of ammonia into
bacterial protein increased as the result of the
addition of glucose.

VFA production

The principal products of rumen fermentation
are the volatile fatty acids. Their importance as a
source of energy for ruminant animals is well
recognized. Many experiments have shown that
they provide 50—75 9, of the energy absorbed
from the feed (BLaXTER 1961).

Considerable research has been devoted to
the dietary factors which affect the amounts of
VFA resulting from ruminal fermentation and
the relative proportions of these individual acids
both iz vive and in vitro (BARNETT and REm 1961,
HuncaTE 1966). Early work by PHiLLIPsoN
(1942) demonstrated that the level of acids in
the rumen was directly related to the nature of
the diet and to the ingestion of food.

Studies of the effect of different types and
levels of supplementary carbohydrates on the
production of rumen VFA and their relative
amounts have given varied results. When
Priuipson and McAnaLLy (1942) introduced
various pure carbohydrates into the rumen of
sheep, they found an increase in the concen-
tration of VFA, the rate of their formation being
dependent on the nature of the carbohydrates.
Thus glucose, fructose and sucrose were ferment-
ed very rapidly, in 3—4 hours, starch more
slowly and cellulose more slowly still. Similar
fermentation rates have also been reported for
starch and cellulose by Berasco (1956). The
supplementation of a purified sheep diet with a
mixture of glucose and starch tends to increase
the total rumen VFA content (CHAPPELL and
FonrenoT 1968). McDonaLp (1948, 1952) and
Lews and McDonaLp (1958) demonstrated-an
increase in the VFA produced from starch when
small amounts of casein were also added. How-
ever, no effect on the rumen VFA content was
noticed by KerLrLoce and Owen (1969), when
different sucrose additions were made to the hay
and grain rations of dairy cows, or by KoMKRis
et al. (1965), when molasses was added to a
roughage diet. Krjukov (1965) added different
amounts of sugar to rations for steers and found
that the VFA production was highest, 8.15—
13.35 mmoles/100 ml, with 3 g sugar/kg live
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weight, while 5 and 10 g of sugar had the
opposite effect. KurmLov et al. (1966) also
noticed that in dairy cows small amounts of
sucrose (1.2 kg) stimulated rumen fermentation,
whereas with 1.s kg the effect was quite the
reverse.

Widely differing results concerning the rela-
tive amounts of the individual VFA in the
rumen have been obtained in numerous ex-
periments with different levels of mono- and
disaccharides, sugar-beet and its products,
starch and cellulose (Gray and PrLerm 1952,
LampiLa and PorjAirvi 1959, Rem and MiLLs
1963, Krjukov 1965, Lameira 1966, Smrra ‘et al.
1966, 1969, CmarpeLL and FonTeENOT 1968,
WELLER et al. 1968, Surron 1968, 1969,
Krrroce 1969, Borbuan et al. 1971). How-
ever, it is generally accepted that readily avail-
able carbohydrates tend to increase the pro-
portion of propionic acid, and fibre-containing
materials the proportion of acetic acid (Brax-
TER 1962). @rskov and OrtJEN (1967) studied
the effect of different types of carbohydrates,
varying from simple monosaccharides to the

more complex polysaccharides, on the produc-
tion of VFA in the rumen with purified diets for
cattle. The molar percentages of the individual
VFA in the rumen fluid were:

Acetic  Propionic  Butyric Isovaleric Valeric
wood pulp 73.7 18.3 4.8 1. 0.8
starch .... 60.2 24.7 10.4 0.9 2.
sucrose .. 49.8 23.2 20.2 0.7 4.4
glucose .. 38.0 22.3 25.8 lo 10.4

The production of individual VFA has
usually been studied by examining the com-
position of the mixture of these acids in the
rumen fluid. The absorption of different acids
from the rumen, can, however, differ markedly,
as various studies have shown (HuNGATE 1966).
For this reason the composition of the mixture
has not been thought to be fully indicative of
the rates of formation of the individual acids.
It has commonly been observed that the VFA
produced in vitro have a greater proportion of
propionic acid than the VFA produced in vivo,
in which the proportion of acetic acid is greatest.
(BarnerT and REm 1961, ELsDEN 1945, ELSDEN
et al. 1945).

EXPERIMENTAL PROCEDURES

The present investigations consisted of two
main experiments. Both in Exp. I and in Exp. II
the effect of different carbohydrate supplements

on the utilization of the experimental silages was -
studied. Exp. II also included a comparative
study of different ensiling preservatives.

Experimental feeds

s

The grass and its conservation

The grass for the experimental silage in Exp.
I was harvested from second year sward in
which meadow fescue predominated. A basic
fertilizing mixture was applied in spring com-
prising 37 kg P, 62kg K and 5 kg N per hectare,
together with 115 kg N per hectare. The grass
material used was from the first cutting, per-
formed on 10 June 1969, when the grass was
about 35—40 cm high and before the ears had
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formed on the meadow fescue.

In Exp. IT the grass for all the silages was also
from second year sward. The fertilizing in spring
consisted of 26 kg P, 50 kg K and 120 kg N per
hectare, and after the first cutting 78 kg N was
applied per hectare. The grass material used
was from the second cutting, performed on 14
August 1970, when the first ears of. the timothy
became visible. The botanical composition of
the fresh material was:



Exp. I Exp. II
Meadow fescue ................ 86.4 9, 17.6 %
Timothy .................... 115 » -42.0 »
Redclover .................. 0.8 » 22.7 »
Couch grass .................. — 12,1 »
Other weeds .................. l.a» 5.8 ¥

The chemical composition of the grass was
(See Appendix 1):

Exp. I Exp. II
Dry matter .............. 17.94 %, 17.18 %,
In dry matter
Ash . ..., 9.56 %, 10.83 %,
Organic matter ........ 90.44 » 89.17 »
Crude protein .......... 23.19 » 17.2a »
True protein ............ 15.61 » 13.45 »
Crude fat .............. 3.69 » 4.35 »
N-free extract .......... 42.92 » 43.26 »
Crude fibre ............ 20.64 » 24.32 »
Crude carbohydrates 63.56 » 67.58 »

The analyses were carried out according to the
standard procedures described by PaLonrmo
(1969).

The grass was chopped and the preservatives
added during the harvesting. The preservatives
and their amounts were as follows:

Exp. I
AIV Il solution .............. 4.4 1/1000 kg grass
Exp. II
AIV Isolution .............. 4.2 »
Formic acid .................. 3.8 »
Viher solution  .............. 4.7 »

AIV II: 809, formic acid (86 %)
29, orthophosphoric acid (85 %)
AIV I: 259 formic aicd (86 %)
20 9 hydrochloric acid (37 %)
Viher solution: 26 9, formic acid (86 %)
70 9, formalin (37 9, formaldehyde)

In Exp. I the grass was ensiled in a round
wooden tower silo (5 X 12.6 m?® = 63 m®). In

Exp. II it was preserved on the ground in three
stack-like silos (2 X 4 m? surrounded with
black polythene plastic film (0.15 mm in thick-
ness). The film was sealed with a hot iron and
the air removed with a tractor compressor. The
eflfuent was led out through a rubber hose.
Each stack contained about 4 000 kg fresh
grass. Under vacuum conditions they were
0.5—0.6 m high. The stacks were covered with
straw bales in winter to protect them from
freezing. '

Carbohydrate supplements used in feeding

Sugar, starch and cellulose were used as
supplemental energy sources. The sugar was
pure sucrose and the starch powder of pure
potato starch. The cellulose was a-cellulose,
pure sulphite cellulose from the wood industry.

The average chemical composition of the
cellulose preparation during the experiments

was:
Exp. I Exp, II
Dry matter .............. 90.03 % 88.119 .
In dry matter
Ash............... SN 0.18 9%, 0.24 9,
Organic matter ........ 99.81 » 99.76 »
Crude protein .......... 0.30 » 0.19 »
Crude fat .............. 0.15 » 0.04 »
N-free extract .......... 14.19 » .44 »
Crude fibre ............ 85.15 » 90.09 »
Crude carbohydrates 99.34 » 99.53 »
Cellulose .............. 92.41 » 92.61 »

The cellulose determination was made ac-
cording to the method of Saro (1965 b). The
average dry matter percentage of the starch
powder was 83.17 in Exp. I and 80.93 in Exp. II.
The dry matter percentage of the sucrose was

about 100.

Experimental design and rations

A Latin-square design was used in both ex-
periments. A 7 X 7 Latin square was used for
Exp. I with 7 rams in 7 periods of 3 weeks. The
diets also numbered 7 (Fig. 1). In Exp. II the

material was assigned to 9 small (3 x 3) Latin
squares comprising 9 animals, 9 periods and
21 diets (Fig. 2). The syllables in the squares
‘are the abbreviations of the names of the ex-
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Carbohydrate levels

CHO?! Sucrose Starch Cellulose Time
Periods 0% 15% 30% 15% 30% 15%  30% 1970
1 Ee Ju Aa Si Tu Ti La 20/2 — 12/3
2 Aa Ee Si Tu Ti La Ju 13/3 — 2/4
3 Si Tu La Ee Aa Ju Ti 3/4 —23/4
4 Ti La Ju Aa Ee Tu Si 24/4 — 14/5
5 La Si Ee Ti Ju Aa Tu 15/5 — 4/6
6 Tu Aa Ti Ju La Si Ee 5/6 — 25/6
7 Ju Ti Tu La Si Ee Aa 26/6 — 16/7

1 CHO = carbohydrate
Fig. 1. Design of Exp. 1.
perimental animals. The arrangement was Exp. II

decided by drawing lots.

09 levels:
The mean composition of the experlmental

5.0 kg silage (AIV I, formic acid or Viher
solution)

diets was: 15 9, levels: 4.2 kg silage and 140 g sucrose
» » 173 g starch
Exp. I . » » 158 g cellulose
30 9, levels: 3.4 kg silage and 280 g sucrose
0 9% level: 4.0 kg silage (AIV II) N N

346 g starch

15 9, levels: 3.a kg silage and 140 g sucrose 316 g cellulose

» » 166 g starch
» » 158 g cellulose
30 9 levels: 2.s kg silage and 280 g sucrose

» »

The quantity of feed was restricted sufficiently
to ensure that nothing was left uneaten. The

» » 332 g starch
» » 316 g cellulose carbohydrate supplements represented 0 %,
Carbohydrate levels
Periods 0% 15% 80% 0% 15% 30% 0% 15% 30% Time
1 Ee Ju Aa|Si Tu Ti |La To I 1970
2 Aa Ee Ju [ Ti Si Tu | ILi La To 6/11 — 26/11
3 Ju Aa Ee | Tu Ti Si To Ii La 27/11 — 17/12
AIV I solution | Formic acid Viher solution 18/12 — 7)1
Sucrose Starch Cellulose
4 Ee Ju Aa| S8 Tu Ti |La To Ii 1971
5 Aa Ee Ju | Ti S8 Tu|Ii La To 8/1 —28/1
6 Ju Aa Ee | Tu Ti Si To @i La | 29/1 —18/2
Formic acid Viher solution | AIV I solution | 19/2  —11/3
Cellulose Sucrose Starch
7 Ee Ju Aa | S Tu Ti [ La To Ii ' 1971
8 Aa Ee Ju | Ti Si Tu|Ii La To | 12/3 — 1/4
9 Ju Aa Ee | Tu Ti Si To Ii La 2/4 —22/4
Viher solution | AIV I solution | Formic acid 23/4 — 13/5
Starch Cellulose Sucrose

' Fig. 2. Design. of Exp. II.
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15 %, and 30 %, of the dry matter of the total
diet. The mean amount of dry matter eaten by
the animals on the diets was 947 g in Exp. I
and 928 g in Exp. II. As the silage was the only

source of nitrogen in the ration, it was also
possible to obtain three different levels of nitro-

gen in the investigation.

Experimental animals and their feeding

The digestibility and nitrogen balance ex-
periments and the investigations of rumen fluid
and blood were carried out with Finnish land-
race rams, furnished with permanent rumen
fistulas. At the time of fistulation the animals
were nearly two years old, in good condition
and health. The rumen fistulas of the majority
of the rams were made according to the proce-
dure of DouererTYy (1955), with a small
modification in the dimensions of the cannulae.
The cannulae used were made of silicone rub-
ber. The fistulas of two rams, Topias and Iivari
were made according to the method of HECKER
(1969). The cannulae used in this method are of
rubber and, unlike the cannulae of silicone rub-
ber, very soft and light.

The animals remained healthy during the
experiments. At the time of fistulation they
were injected against tetanus and a week before
the beginning of the experimental periods they
were treated for parasites. Two rams, Juhani
and Timo, were replaced with the rams Juhani
II and Timo IT after the fourth period of Exp. I,
because their fistulas were broken. Otherwise
the fistulas remained in good condition, the
outflow of rumen fluid was insignificant, and
could be avoided by cleaning the fistulas when
necessary.

The animals were weighed four times in each
period, on the two first and the two last days of
the collection period, before the morning feeding.
The average live weights of the rams during
the periods were:

Exp. I

Eero ... 60.8s kg (58.5—63.8 kg)
Juhani ............. ..., 69.1 » (67.0—7l.2 »)
Jubhani IT  ................ 62.4 » (60.s—64.9 »)
Aapo ...l 571 »  (55.0—60.2 »)

Simeon .. ...oiiiiiiiaea 56.8 kg (54.9—59.2 » )
Tuomas .......cevvvuvennnn 59.3 »  (58.0—62.2 » )
TIMO ...vvvviiiiinennnnn. 59.2 » (53.5—62.4 » )
Timo IT* ................ 751 »  (72.3—78.3 » )
Lauri ...........c0ae.e. 6l.o » - (57.0—65.1 »)
Exp. I

Eero .......... ... ...l 63.4kg (61.0—65.4 kg)
Juhani II .................. 62.6 » (60.2—64.3 »)
Aapo II* ................ 75.3 » (73.2—77.9 »)
Simeon ...........o00en 62.7 » (61.9—63.6 »)
Tuomas .................. 64.3 » (62..—66.5 »)
Timo ...............oe. 6l.s » (58.2.—63.5 »)
Lauri ........cooviiiiien, 67.0 » (62.9—71.0 »)
Topias ........oovvvvvnann. 52.0 » (48.6—55.2 » )
Tivari .....oocviiiiiinn, 50.4 » (47.2—52.5 »)

*Timo II (Exp. I) = Aapo II (Exp. II)

During the experiments the animals were
kept in individual cages with a net bottom and
funnel for the collection of urine.

Feeding took place twice a day, at 8.30 a.m.
and 3 p.m. At each feeding time half of the daily
ration was given. The carbohydrate supple-
ments were given first, mixed with small
amounts of silage if necessary. Cellulose was
never eaten unless mixed well with the silage.

The whole ration was generally consumed
within an hour from the beginning of the feed-
ing. Any food residue was removed and weighed
once a day before the beginning of the morning
feeding, except on the days when the rumen
samples were taken, when it was removed also
at the end of the morning feeding, at 10 a.m.,
and given back together with the evening feed.
After they had eaten their food ration, the
animals were offered a mineral mixture, con-
taining 80 9, commercial product (Kultalypsy)
and 20 9, NaCl. Kultalypsy contains 10.0 9%, P,
23.5 9, Ca, 12.9 %, NaCl, 2.0 %, Mg plus trace
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elements of Fe, Cu, Co, Zn and J and vitamins
A, D; and E.
The animals had free access to water. During

the collection periods the amount of water
drunk was determined each day by weighing the
amounts given and left.

Sampling and analyses

Determination of chemical composition and quality
of silage

Silage for the experiments was taken from the
silo and the stacks twice a week and the doses for
the experimental animals were thus weighed out
for 3 or 4 days at a time. The samples for the
analyses were taken at the same time, once a
week during the preliminary period of 14 days
and twice a week during the collection period
of 7 days. Dry matter and pH were determined
each time.

The pH values were measured on the
silage effluent with a Beckman meter Model 76.
Dry matter was determined by drying the
fresh sample in an oven at 103—105 °C for about
18 hours. At this temperature, however, volatile
acids and bases are lost, as has been shown by
various experiments concerning the dry matter
determination of silage (McDo~NALD and DEWER
1960, DEwer and McDoNALD 1961, BRAHMAK-
sHATRIYA and DonNkER 1971), in which distilla-
tion with toluene has given good results. In the
present work, a corrected value was used for
the dry matter of silage. The estimate of the
correction was based on the observation that
80 9, of the acetic acid and all the other volatile
acids are lost during drying at this high tem-
perature (Jarr and HELLEDAY 1948, PRESTHEG-
Ge 1959, ULvEesLt and BREIREM 1960).

Some of the fresh silage samples were pre-
dried at 60—65 °C for about one day, and
ground in the Wiley mill through a 1-mm-mesh
sieve. The ground samples from each experi-
mental period (4 samples altogether) were mixed
together. The food analysiswasmadeon
this combined sample according to standard pro-
cedures (ParomemMo 1969). The mineral
and trace elements were determined
with the atomic absorption spectrophotometer
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Varian Techtron Model 1000 by the metho dof
Heckman (1967), except phosphorus, which was
determined colorimetrically by the method of
Taussky and SHORR (1953).

Besides the pH, other properties used as
criteria of the quality of silage are the VFA,
lactic acid, and sugar contents and the different
N-fraction concentrations. These values were
obtained once in every experimental period from
a cold water extract of the fresh silage samples.
A Waring blender was used in the extraction.
The V F A were determined by the gas chroma-
tographic method described by Huma (un-
publ.) and the lactic acid colorimetrically
by the method of BARKER and SUMMERSON
(1941). The gas chromatograph apparatus used
was a Perkin-Elmer Model F 11 and the inte-
grator a Perkin-Elmer Model D 26. The w a-
ter-soluble sugars were determined by
the method of Saro (1965 b) and expressed as
glucose. The ammonia nitrogen was
determined colorimetrically by the method of
McCurroucH (1967) and soluble nitro-
gen by the Kjeldahl method.

Digestibility experiments

Digestibility experiments were carried out
by the quantitative collection
m et h o d. The preliminary period always last-
ed 14 days and the collection period 7 days. Be-
fore the beginning of the collection period the
animals were provided with faeces-collecting
harnesses. The faeces were removed from the
bag once a day, in the morning before the feed-
ing, weighed daily and pre-treated by grinding
coarsely. Ten 9, samples of the daily feaces were
taken for the dry matter determination.
These samples were pre-dried at 60—65 °C,
combined and ground in the Wiley mill through



a l-mm-mesh sieve. The analyses were carried
out according to standard procedures. Grude
protein was also determined on the fresh
faeces samples for the dry matter correction, be-
cause the dry matterinthe standard food
analyses was determined at 103—105 °C
and ammonia is lost at that temperature.

Nitrogen balance experiments

Besides the faeces, the urine excreted in the
collection period was also collected, being led
through the funnel under the experimental cage
into a plastic pail.

In Exp. II, 50—100 ml of 10 N H,SO, was
added to the pails to keep the pH of the urine
under 3 and thus prevent NH; losses. The ex-
creted urine was weighed daily. Ten 9, samples
of the daily urine amounts were combined and
used for the determinations. To preserve the
urine until all the samples were obtained, a small
amount of thymol was added, and the collection
bottle was kept at 0°C. The nitrogen
determinations were made by the Kjeldahl
method.

Rumen fluid investigations

The pH, ammonia and VFA were determined
on rumen samples taken three times in each of
the last three days of every experimental period:

1) in the morning before feeding, at 8.15 a.m.
2) 2.5 hours after the beginning of feeding, at 11 a.m.
3) 5.5 hours after the beginning of feeding, at 2 p.m.

Sixty-three rumen fluid samples were obtained
for each of the diets of Exp. I except two (0 %,
carbohydrate and 30 9, cellulose levels), for
each of which there were 54 samples. In Exp. II
81 rumen fluid samples were obtained for each
of the 0 9, level diets and 27 samples for each
of the other diets.

Samples of the rumen content were taken
through the fistula with a silicone tube 8 mm in
diameter. The tube was pushed to the bottom of
the rumen and, as it was lifted slowly up, rumen
fluid was sucked up into it and transferred to a

75-ml plastic bottle. This operation had to be
repeated 6—8 times before the bottle was com-
pletely full. The samples were thus rather rep-
resentative of the rumen fluid, containing only
small amounts of solid material.

The sample bottles were immediately placed
in ice water and transported to the laboratory.
The pH values were measured as soon
as possible, usually 20 min after sampling. The
samples were always taken for the pH determi-
nations in the order in which they had been ob-
tained, and as both operations took about the
same time, less than two minutes, the interval
between the sampling and pH measurement was
the same for each rumen sample. The pH meas-
urements were made with a Beckman meter
Model 76. Immediately afterwards the samples
were centrifuged for 10 min at 2000 r.p.m. in
order to separate the plant material. The am-
monia and VFA determinations were made on
the supernatant. A mm onia wasdetermined
colorimetrically immediately after centrifuging
according to a modification of the method of
McCurroucH (1967).

When the supernatant was removed with a
pipette for the ammonia determination, 5 ml
was also taken for the V F A determination. This
sample was first treated with 1 ml of 35 %, form-
aldehyde (in Exp.I) or with 0.5 ml of saturated
mercuric chloride (in Exp. II) and made basic
with 2 ml of 1 N NaOH, and then freeze-dried
and kept at —18 to —20°C until the VFA
determinations were performed some months
later. The VFA determinations were made by
the gas chromatographic method (Humpa, un-
publ.) The preparation of the samples for the
gas chromatography was as follows: The dried
sample was mixed with 10 drops of concentrate
H,PO, and diluted with 40 ml of 5 9, formic
acid. It was mixed well in a shaker and left to
settle for at least two hours, after which the
supernatant was subjected to gas chromato-
graphic analysis. The following acids were
determined: acetic acid, propionic acid, butyric
acid, isovaleric acid and valeric acid. '
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Blood analyses

The blood samples for the analyses were taken
from the jugular veins of the rams only in Exp.
II. They were taken twice in every experimental
period, at the beginning and at the end of the
collection period, before the morning feeding.
About 10 ml of blood were led into tubes con-
taining 150—200 i.u. heparin, and transported
in ice water to the laboratory. There analyses
were immediately started for: haematocrit,
haemoglobin, glucose, urea, ammonia and
mineral and trace elements.

The haematocrit values of the blood
samples were determined by centrifuging the
blood in capillary tubes closed at one end, in a
microhaematocrit centrifuge of Heraeus-Christ

Type 912. The centrifuging time was 5 min and
the speed 15 000 r.p.m. A Hawskley Reader was
used in reading the values.

Haemoglobin was determined colori-
metrically using a spectrophotometer of Tur-
ner Model 350, wavelength 540 my, and a cyan-
mcthemoglobih standard (Acuglobin). Ten pl
blood was used in 5 ml of 0.1 9, NHj solution.

Glucose was determined by the method
of Somocyr (1945) as modified by NELsoN
(1944), ammonia by the method of McGuL-
LougH (1967) and urea by the method of
CrANEY and MarBacH (1962). All these three
are colorimetric methods.

The mineral and trace elements
were determined directly on plasma by the
atomic absorption method (see p. 220).

RESULTS AND DISCUSSION

Chemical composition and quality of the experimental silages

The chemical composition of the dry matter
is the same in the raw materials and the cor-
responding silages (Table 1, Appendix 1). How-
ever, the amount of N-free extract was greater
in the ran materials than in the silages, while
that of crude fat was smaller, as has also been
noted in Imany other experiments (WaTson and
Nast 1960). This is due to the fact that during
the 'silage fermentation soluble carbohydrates,
p;imérily sugars, are decomposed to fatty acids,

which are dissolved in ether. In Exp. II the
average sugar content of the dry matter of the
fresh grass was 9.20 9, whereas the sugar con-
tents of silages made from this material were as
follows: ATV I silage 0.75 %, formic acid silage
3.10 9%, and Viher solution silage 1.45 %,. The’
higher sugar (P <C 0.01 or P <C 0.05) and lower
VFA (P < 0.0t or P << 0.05) contents in the
formic acid silage, compared with the others
(Table 2, Appendix 2), show that the fermenta-

Table 1. The mean chemical composition of the different silages.

% of dry matter

Exp. Added preservative m’;:ty;ar Ash Organic Crude True Crude N-free Crude gﬁ%‘i
matter protein protein fat extract fibre hydrates

I AIVII .............. 23.67 8.21 9l.78 22.23 8.04 7.29  37.25 25.00 62.25
II AIVI .............. 18.4628d 10.573de 89,5p2de ]8.313d ]2.592d  5.578d  38,498d 27,1334 65,533
Formic acid .......... 18.95P¢ 10.10Pd 89.s9Pd  18.1580 12,7784  5.ggbd  39,g91be  26.44P€ 66.3500
Viher solution ........ 18.292d 10.¢s2¢ 89.318¢  19.65P€¢ 15.01P¢ 5.13¢€  38.2984 26.22b€  64.52¢¢

SE of means® ........ 0.15 0.11 0.11 0.11 0.12 0.05 0.25 0.13 0.18

1 SE = standard error

Statistical analysis applied only to results of Exp. II. The Tukey test (STEeLE and TorrIE 1960) was used for testing
the differences between the averages. Different index letters in a vertical column show that there are significant
differences between the averages at the 959, (a—c) and 99 9, (d—e) levels of confidence.
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Table 2. Data used as criteria of the quality of the different silages.

% of fresh silage (20 % dry matter) % of total N
Exp. Added preservative pH N . . N N N

Acetic  Propionic Butyric Valeric Lactic Sugars as Total Soluble

acid acid acid acid  acid  glucose NHgN N NH;-N N

I AIVII ........ 4.06 0.39 —_ — — l.51 0.36 0.0 0O.67 6.2 62.7
II AIVI.......... 4.552de (,7gad () oqad -+ + l.as 0.153d 0.03 0.582d 5.3 34.52d
Formic acid .... 4..2d  (.33be  (.gobe — — l.aa  Q.e2be O.02  0O.s02d 43 32.78P
Viher solution .. 4.s3be (.598de (), grbe — + l.1a 0.292d¢ Q.03 0.ssPe 4.5 29.1be

SE of means .... 0.08 0.06 0.00 0.10 0O.08 0.00 0O.o1 0.a6  l.10

Meaning of index letters same as in Table 1.

tion of the soluble carbohydrate fraction has
been less in this silage than in the AIV I and
Viher solution silages.

The amount of true protein and the propor-
tion of NH4-N and soluble N in the total N
reflect the degradation of crude protein during
silage fermentation. This degradation advanced
far in the AIV II silage, but less in the silages of
Exp. IT (Tables 1 and 2). A contributory factor
in the case of AIV II may be that Exp. I was
continued until Jate in the summer. In Exp. IT
the Viher solution silage contained more true
protein (P <C 0.01) and less soluble N in the
total N than the AIV I and formic acid silages
made from the same material. The proportion
of true protein in the crude protein was 76.4 %,
in the Viher solution silage, 68.s 9, in the ATV I
silage and 70.4 %, in the formic acid silage. These
findings can be due to the fact that Viher solution
contains formaldehyde, which has been shown
to protect proteins against degradation (FEr-
cusoN et al. 1967). PourtaineN and Huma
(1970) have obtained similar results for true
protein when they compared the chemical com-
position of silages made with different preserv-
atives: AIV I and ATV II solutions, formic acid
and Viher solution. The total amount of crude
protein in the Viher solution silage of Exp. II
was also higher than in the AIV I and formic

acid silages (P <. 0.01). This can be at least
partly explained by the finding that the effluent
of the Viher solution silage contained 0.s9 %
crude protein, whereas in the others the pro-
portions were 0.97 9, and 0.92 %, respectively.
The lower value of the Viher solution silage
may be an effect of the formaldehyde treatment.
The ensilage technique employed made it im-
possible to measure the total amount of effluents.

The amounts of inorganic constituents of the
silages in Exp. IT were about the same (Table 3).
They were determined on the samples of periods
4—6.

The quality of all the experimental silages
was fairly good. The pH values were rather high
in all except the AIV II silage and the amounts
of butyric acid find in some samples were very
small (Appendix 2). The mean proportion of
NH;-N in the total N was under 8 %, (4.1—
6.2 9%), which is the maximum allowed for
silage of good quality by BrelREM and ULVESLI
(1960) and WierinGa (1966). The quality of the
silages of Exp. IT changed during ensilage only
in respect of the pH, the differences in it being
the only statistically significant ones between the
different experimental periods (P < 0.001), when
tested by the least-square variance analysis.

Besides the quality and composition of the
end product, the extent of the losses associated

Table 3. Inorganic constituents of different silages in Exp. 11, g/kg dry matter

Ca Mg K Na P Zn Mn Cu Fe
AIV I ........ 6.0 20 3l.o 03 43 0.3 0.08 0.00 0.a5
Formic acid .... 6.1 21 320 O 41 0.3 0.8 0.01 0.31
Viher solution .. 6.5 2.2 32,0 0.2 3.8 0.3 0.8 0.1 0.0
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with it should also be considered in an evalua-
tion of the ensiling method. In Exp. II the per-
centages of dry matter lost from the raw material
owing to ensiling and spoiling were as follows:

Effluent and

Preservative fermentation Spoiled Total losses
losses”
AIVI ... ....... 99, 22 9%, 319%
Formic acid ........ 12% 12 9% 24 9,
Viher solution ...... 16 %, 20% 36 9%,

The effluent and fermentation losses were small-
est in the ATV I silage. JarL (1948) obtained
a value of 18.4 9%, of the dry matter for AIV
silage and 26.5 9, for formic acid silage, and

UwvesLi et al. (1965) also obtained lower losses

for AIV silage than for. formic acid silage. It

Effect of sucrose, starch and cellulose
Digestibility

The digestibility percentages and the feeding
values are calculated only for the silage and not
for the whole diet. The digestibility of the sugar
and starch supplements is taken as 100 %, since
it is assumed that they are digested and absorbed
in the alimentary tract of the animals (HUNGATE

should be remembered that, even with the same
method, the losses can vary greatly from year to
year with the quality of the grass and other con-
ditions (Urvestr and Save 1965). The high
value for spoiling in the AIV I and Viher solu-
tion silages is at least partly due to the fact that
these silages became heated and moulded on the
cut surface more readily than formic acid si-
lage. The exceptionally mild winter in 1970—71
also probably promoted this spoiling.

The results show, that the ensiling of high-
moisture grass in polythene-covered and vac-
uum-compressed stacks can produce silage of
satisfactory quality. Lancaster (1966) arrived
at similar conclusions in experiments with dif-
ferent ensiling methods.

supplements on the utilization of silage

1966, Topps et al. 1968). This is, in fact, roughly
the case, since only small amounts of sugar and
starch, 0.2—0.3 %, of the dry matter, were found
in the faeces of the animals on these diets. The
digestibility values of the N-free extract and
crude fibre of the cellulose supplements are
taken to be 71 % and 91 %, respectively (Por-
JARvI 1941) and the other components of the

Table 4. F-values of least square variance analysis for digestibility, N balance and feeding values of silages in Exp. I
and Exp. II. The numbers of degrees of freedom are indicated in parentheses.

Carbohydrate X

Experiments? Animals? Periods? Carbohydrates! Silages ® silage?
F (1, 106) F (8, 106) F (8, 106  F (5, 106) F (2, 44) F (12 44)
Digestibility, 9%
Dry matter .......... 411.16%** 3.ea*%* 3.33%* 36.16%%* 8.qgk** 1.50
Organic matter ...... 400.0a%** 3.1 * l.as 35.40%** 8.or¥** .03
Crude protein ........ 472,96 %% l.es .08 53.53%** 13.48%** 0.04
Crude fat ............ 208.45*** L.ss l.8s 0.87 0.47 0.78
N-free extract ........ 178.16%*** l.st 3.59%** 29.59%%* Lz 0.08
Crude fibre .......... 271.07%%* 5.08% %% 6.29%** 17.85%%* Q.47 %* 1.82
Crude carbohydrates 301.19%%* 3.e9%** l.1s 30.00%** 4.68% Loz
N balance, gfday ........ 24.g3% k% 2.41% l.s1 B.7gk® Lo 0.93
Biological value ........ 39.g4%** 3.51%* 2.38% 23.85% %% l.87 0.s1
kgffud. ..o 1810.65%%*  l.a7 0.54 13,997 %% 37.51%%* 0.3
DM kg/fult ... 404.23%** 2.69% l.26 26.45%** 10.9a%%* Loz
DCP g/ffub.............. 609.04%*** 0.19 4. 5a%** 14.90%** 21.05%* ¥ 0.55
DCP 9% in DM ........ 1 463.51%** l.as 7.06%*** 38.77%%* 2.88 0.53
*%*P < 0.001 1 from Exp. I and Exp. II 31 feed unit (fu.( = 0.7 starch unit
**P < 0.01 2 from Exp. II 4 DM = dry matter
*P < 0.05 5 DCP = digestible crude protein
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Table 5. Digestibility, N balance and feeding values of silage in different carbohydrate diets in Exp. 1

Sucrose

Starch Cellulose

Carbohydrate SE of
0% 15 % 30 9 15 9% 30 9, 15 % 30 9% means
Digestibility, %,

Dry matter ........ 78.12 76.42D 73.sbc 77 .52 71.6¢ 79.2% 78.5% 0.59
Organic matter 80.52 79.12b 76.9P 79.980 74.4¢ 81.92 81.4% 0.58
Crude protein ...... 80.52 77.¢80 73.1¢ 77,930 70.24 78.78b 75.2b¢ 0.s0
Crude fat .......... 80.22 79.58D 80.3% 79.58D 76.1P 79.480 80.52 0.74
N-free extract ...... 79.98b 78.43P 76.4b¢ 79.280 73.1¢ 81.73 8l.52 0.87
Crude fibre ........ 82.7bc 81.4¢ 80.7¢ 82.4bc 79.7¢ 85.780 87.12 0.58
Crude carbohydrates  81.02P 79.¢b 78.1bc 80.¢30 75.7¢ 83.52 83.72 0.65
N balance, g/day ...... 3.57 3.84 4.37 2.94 2.01 2.43 2.87 0O.45
Biological value ...... 35.6¢ 42, 5be 53.12 38.¢6° 43.0Pc 37.9¢ 49.32b 1.79
kg/f.u. 5.08P¢ 5.16PC 5.308D 5.11b¢ 5.40% 4.98¢ 5.01¢ 0.04
DM kg/fu. .......... 1.20P 1.228D 1.25% 1.218D 1.30¢ 1.18P 119D 0.0t
DCPg/ffu. .......... 217.38 210.73b  203.¢Pc  209.7,3b  202.7Pc¢  206.42P¢  196.7C 243
DCP % inDM ...... 18.1% 17.53be  16,30d 17.520 15.¢d 17.53b 16.¢bed l.os

Statistical analysis: The Tukey test (STEELE and TorrIE 1960) was applied to the differences between the averages.
Different index letters in a horizontal row show that there are significant differences between the averages at
the 99 9 level of confidence.

cellulose are assumed to be completely digestible.
This does not correspond completely to the ac-
tual situation, but the indigestible parts of these
components represent so small a proportion of
the whole diet that they may be disregarded in
the- calculations of the digestibility coefficients
(see p. 218).

The results of Exp. I and Exp. II are mainly
expressed and statistically handled separately,
because such significant differences were found
between the two experiments (Table 4), al-
though the different carbohydrate supplements
affected the utilization of silage in the same
way. The united results are shown only in Figs.
3—6.

The results of Exp. I (Table 5) are the aver-
ages of trials carried out with seven animals,
except for the diets containing only silage (0 %,
carbohydrate) and 30 9, cellulose supplements,
where they are from only six animals. The
fistulas of two animals on these diets broke dur-
ing the experimental period and the animals
stopped eating. The loss of appetite was prob-
ably caused by the admission of oxygen into the
rumen (HorLunp et al. 1948, HuncaTe 1966).
The missing values were taken into considera-
tion when calculating the results (STEeL and
Torrie 1960, p. 150), whereas the change of

animals during the experiment was not taken
into account.

The digestibility coefficients in Exp. I are
fairly high. In the diets where sucrose, starch
and cellulose constituted 15 %, of the dry matter
of the whole diet, the digestibility values of the
different silage components do not differ mark-
edly from those in the diet consisting entirely
of silage. In the 159, cellulose diet all the
digestibility percentages except those of crude
protein and crude fat are higher than in the 0 9,
carbohydrate and 159, sucrose and starch
diets. The significant differences in the digesti-
bility values of dry matter and organic matter
(P < 0.05) and crude carbohydrates (P < O.o1)
are only between the 15 9, cellulose and sucrose
diets, whereas the digestibility of crude fibre in
the 159, cellulose diet differs significantly
from the values of the 0 9%, carbohydrate and
15 9, starch (P << 0.08) and sucrose (P << 0.01)
diets.

In the diets where 30 9, of the dry matter of
the whole diet consisted of sucrose, starch and
cellulose, the digestibility coefficients of the
different components of the silage are lower
than at the 15 9, level. This is especially clear
in the 30 9, starch diet. The differences in the
digestibility coefficients between the 0 %, carbo-
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hydrate and 30 9 starch diets are significant
(P << 0.05 or P << 0.01) for all the components.
The 30 9, sucrose addition depressed all the
digestibility coefficients except that of crude fat,
as compared with the 0 9, carbohydrate diet,
the differences being significant (P <C 0.01) for
dry matter, organic matter and crude protein.
The 30 9, cellulose addition decreased only
the digestibility of crude protein (P <C 0.01),
whereas the digestibility of all the other com-
ponents of the silage increased, as compared
with those in the 0 9%, carbohydrate diet, the
difference being significant (P <C O.o1) in the
case of crude fibre.

A comparison of the diets containing 30 9,
carbohydrate supplements reveals that the
digestibility coefficients of all the silage com-
ponents are lowest for the diet which contained
30 9/ starch. Further the diet with 30 9%, sucrose
has lower digestibility values than that with
30 9%, cellulose. The digestibility coefficients in
the 30 9, cellulose diet differ significantly (P <
0.01) from those in the 30 9, sucrose and starch
diets for all the components except crude protein
and crude fat, whose values differ only from
those in the 30 9, starch diet. In the 30 9,
starch diet the digestibility coefficients for
organic matter, crude protein and crude fat
are significantly lower (P <C 0.01) than those in
the 30 9, sucrose diet.

A comparison of the diets with 15 9%, and
30 9%, levels of the same carbohydrate shows
that in the sucrose diets the digestibility coef-
ficients are significantly lower (P <C 0.01) at the
30 9, level than at the 15 9, level only in respect
to crude protein. In contrast, in the starch
diets they are lower (P <C 0.05 or P <C 0.01) for
all the components except crude fat. In the cel-
lulose diets they do not differ significantly (P >
0.03) for any of the components of the silage.

The effects of the different carbohydrate
supplements on the digestibility, N balance and
feeding values of the silages in Exp.II are
shown both for all the silages together (Table 6)
and separately for each silage (Table 7). The
results were united for the AIV I, formic acid
and Viher solution silage diets at the same level
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of the same carbohydrate supplement, because
no significant interactions were found between
the silages and carbohydrate supplements
(Table 4). The results in Table 6 are the aver-
ages of 27 trials at the 0 9, carbohydrate level
and 9 trials at each of the 159, and 30 9
levels of sucrose, starch and cellulose. In Table 7
they are the averages of 3 trials.

In contrast to the position in Exp. I, the
15 9, sucrose and starch supplements in Exp. I1
(Table 6) significantly decreased the digesti-
bility of the dry matter, organic matter, crude
protein and crude carbohydrates (P << 0.01)
and N-free extract (P < 0.05 or P << 0.01) of
silage, compared with the values of the diet
containing only silage. In the 159, cellulose
diet only the digestibility of crude protein was
significantly lower (P << 0.01), although a slight
decrease took place in the values of all the other
components. Sucrose decreased about all the
digestibility coefficients of silage most, followed
by starch and then cellulose. The differences
between these carbohydrates at the 15 9, levels
are, however, statistically significant (P < 0.05)
only for crude protein in the sucrose and cel-
lulose diets.

The 30 9%, carbohydrate supplements depress-
ed the digestibility coefficients of silage more
than the 15 9, carbohydrate supplements, ex-
cept those for crude fat, crude fibre and crude
carbohydrates in the 30 9%, cellulose diet and
for crude fat in the 30 %, starch diet. The
differences are significant (P << 0.01) between
the 0 9 carbohydrate and 30 9, sucrose diets
for the digestibility coefficients of all the com-
ponents except crude fat, and between the 0 9
carbohydrate and 30 9/ starch diets for all the
components except crude fat and crude fibre.
At the 309, cellulose level they are signifi-
cantly lower for crude protein (P < 0.01) and
dry matter (P < 0.05) and higher for crude
fibre (P < 0.05).

A comparison of the digestibility coefficients
of the different carbohydrate diets at the 30 9,
levels shows that, as at the 15 9, levels, sucrose
decreased digestibility most, followed by starch
and then cellulose, though there are small ex-
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ceptions in the case of crude fat and N-free
extract. It should be mentioned here that in
Exp.1 starch depressed the digestibility of
silage more than sucrose at the 30 % level,
whereas at the 15 9 level the depression caused
by sucrose was slightly greater. The digestibility
coefficients of silage are higher (P < 0.01) in
the 30 %, cellulose diet than in the 30 %, sucrose
and starch diets for all the components except
crude protein, whose value is higher (P < 0.01)
only compared with that of the 30 9% sucrose
diet, and crude fat, whose value is slightly lower
than in the 30 9, sucrose and starch diets. The
differences between the 30 %, sucrose and starch
diets are significant (P < 0.01) only in the case
of crude fibre, the value being lower in the
former diet.

A comparison of the diets with 15 %, and 30 9%,
levels of the same carbohydrate shows that in
the sucrose and starch diets the digestibility
coefficients at the 30 9, level are significantly
(P < 0.01) lower than at the 15 9, level for all
the components except crude fat and crude
fibre in the sucrose diets, and crude fat, crude
fibre and crude carbohydrates in the starch
diets. In the cellulose diets they differ signifi-
cantly (P < 0.05) only in the cases of crude
protein and crude fibre, the former being higher
and the latter lower at the 15 9, level than at
the 30 9, level.

The relative values in Table 7 are calculated
separately for each Latin square (3 x 3) (see
Fig. 2) on the basis of the corresponding val-
ues at the 0 9 carbohydrate level. The effect
of the different carbohydrate supplements on
the values reflecting the utilization of AIV I,
formic acid and Viher solution silages was about
the same, as may be seen from the absolute and
relative values (Table 7, Appendix 3) and the
F-values of the analysis of variance (Table 4). In
the 15 9, cellulose diets there are some differ-

~ences between the digestibility values of the
AIV 1, formic acid and Viher solution silages,
the values of the Viher solution silage being
lower than those of the others. In the case of
crude protein the differences are especially
high, but since similar differences also exist in
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the 0 9, carbohydrate diets, these cannot be
attributed entirely to the influence of the cel-
lulose supplements. The effect of the various
preservatives on the utilization of silage are
examined later in this paper (Table17).

On the average (see also Figs. 3—5) the
sucrose and starch supplements depressed the
digestibility of all the components of the silage,
the decrease generally being greater at the
higher level of these readily available carbo-
hydrates. This agrees with the results of ex-
periments where large amounts of sugar (Mir-
cHELL and Hamirton 1940, Hamirton 1942,
Woobs et al. 1956, SyrjALA 1971 b) and starch
(BurroucHs et al. 1949, 1950 a) were added to
diets of hay or hay and concentrates. This de-
pression of digestibility may be due to the fact
that readily fermentable sucrose and starch
were utilized at the expense of the digestion of
the components of the basic diet.

It is known that when there is a change in
the type of food entering the rumen, the micro-
organisms in the rumen show a change in their
total number and in the relative proportions
of the species (Quin 1943, Erspen 1945, GarL
etal. 1951). Thus with an increase in the pro-
portion of sucrose or starch in the ration, the
sucrose- or starch-digesting organisms probably
increase in relative number (HuNGATE et al.
1952, Krocu 1959, 1961). It has further been
shown (Oxrorp 1964) that many of the rumen
bacteria digesting polysaccharides can use
mono- and disaccharides, too. From this it fol-
lows that the utilization of fibrous feed is de-
pressed, if sugars are available in large amounts.
If the amounts of readily available carbohydrate
supplements were smaller than those used in
these experiments, it is possible that they might
improve the digestibility of the roughage diet
by increasing the number of rumen micro-
organisms or their activity, but not being their
whole energy source. It has been shown that
small amounts of sucrose (HorLunD et al. 1948)
and starch (Arias et al. 1951, Berasco 1956) can
enhance the digestibility of cellulose. Thus di-
gestibility was improved in the experiments of
CuarpeLL and FontENOT (1968) when glucose
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and maize starch replaced about 8 9, of the
cellulose in a purified ration for sheep, but
decreased when the amount of these readily
available carbohydrates exceeded 32 9.

The additions of cellulose did not greatly
change the digestibility of the components of
silage except that of crude protein, which de-
creased in the same way as at the corresponding
sucrose and starch levels, and that of crude
fibre, which increased, especially at the 30 9,
cellulose level. This may at least partly be due
to the fact that cellulose ferments more slowly
in the rumen than readily available carbo-
hydrates (PuiLripson 1942, PuiLripson and
McAnaLLy 1942). The silage is thus probably
better able to compete with cellulose as the
energy source for the rumen microbes than with
sucrose and starch. In comparisons of the effects
of the different carbohydrate supplements on
the digestibility coefficients of the silage com-
ponents, it should be noted that when they were
calculated, the N-free extract and crude fibre
components of the cellulose supplements were
not assumed to be completely digestible. It is
possible that the digestibility coefficients of Poi-
JARVI (1941) used for the cellulose preparation
are too low, and that the components of the
silage containing these crude carbohydrates have
received too favourable digestibility values,
especially in the diets with the higher cellulose
supplements. In numerous experiments with
sulphite cellulose, HviDsTEN (1946) obtained a
digestibility coefficient of 71 9, for N-free ex-
tract, the same as that reported by PorjiArvi
(1941), and 959, for crude fibre, which is
4 %,-units higher than the value of Poijarvi. The
chemical composition of the sulphite cellulose
preparation was about the same in those in-
vestigations as in the present ones, too.

It is not possible to suggest a completely satis-
factory explanation for the contradiction be-
tween the results obtained in Experiments I and
IT with the 30 %, sucrose and starch supple-
ments. In Exp. I the digestibility coefficients
were higher with the sucrose than with the
starch supplements, whereas in Exp. II the
situation was the opposite. The stage of growth
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of the raw materials of the silages, which was
carlier in Exp. I than in Exp. II (Table 1),
may be partly responsible. The degradation of
the silage in Exp. I can be assumed to have been
more quickly completed in the rumen than in
Exp. 11, as the sucrose would be degraded more
rapidly than the starch (PuiLLipson 1942, Puir-
LipsoN and McANaLLy 1942). This is also shown
by the fact that the pH values of the rumen
fluid samples taken after feeding were lower in
Exp. I than in Exp. II (Tables 12 and 13). How-
ever, this explanation can only be accepted
with certain reservations; the silages in the two
experiments were made from the crops of differ-
ent years, and the botanical composition of the
raw materials and the methods of preservation
were not the same. These differences between
the conditions of Exp. I and Exp. II are the
main reason why the results of these two ex-
periments are treated separately in this paper.

Nitrogen retention

The different carbohydrate supplements in-
fluence the retention of nitrogen by the animal in
different ways. Both in Exp. I (Table 5) and in
Exp. II (Table 6) the N balance increased with
the addition of sucrose and was greatest at
the higher level of the supplement, whereas it
decreased with the starch and cellulose supple-
ments (see also Fig. 6). However, the differences
between the diets are statistically significant
(P < 0.05) only in the case of the 30 %, sucrose
and starch diets in Exp. I.

It is notable that while all the carbohydrate
supplements decreased the apparent crude pro-
tein digestibility of silage, the N balance was
decreased only by the starch and cellulose sup-
plements, sucrose supplements tending to in-
crease it. The different effect of sucrose may
perhaps partly be ascribed to the different rates
of fermentation of the carbohydrates. The rumen
N metabolism of sheep on silage is more intense
and more quickly completed than that of ani-
mals on a hay and straw ration (TANcUrROV
1971). 1t is possible that, unlike sucrose, cel-
lulose and even starch do not become available
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for the rumen microbes sufficiently quickly
when the silage is being degraded and ammonia
released. Thus they are probably not able to
compete as effectively with the components of
silage for the role of the energy source of mi-
crobial protein synthesis. The fact that N utiliza-
tion is better with sucrose than with starch and
cellulose on these silage diets is also shown by
the finding that sucrose can reduce the ammonia
concentration in the rumen more effectively
than starch or cellulose, which will be dealt
with later in this paper (Tables 12 and 13).
With other roughage diets, however, the
effect of starch on N utilization has been found
to be the reverse. In experiments where starch
was added to a hay diet for sheep (HeaD 1953,
Dror etal. 1969), N utilization was not de-
creased, although the digestibility of protein
was depressed. Starch has been found to im-
prove N retention in fresh frozen clover and
Iucerne diets (Du PrEssis and MERVE 1969), and
in a semi-purified cellulose diet (CHAPPELL and
FonTENoOT 1968). DRrROR et al. (1969) supposed
that the extent of N utilization with starch sup-
plements depends on the nature of the roughage
" diet and on the energy: protein ratio. In ex-
periments where different carbohydrates were
examined in relation to urea utilization, starch
was found to promote utilization best, while the
least favourable effect was apparently that of
cellulose. Starch is also superior to molasses or
simple sugars (Remp 1953, HELMER and BArT-
LEY 1971). As an éxplanation of the superiority
of starch, it has been suggested that the sugars
are absorbed or passed from the rumen or de-
graded too rapidly to be of much use to the
micro-organisms, whereas cellulose is not hydro-
lyzed sufficiently rapidly to become available
at the time when it is needed by the bacteria.
The present investigations show, however, that
sucrose can be of use to the rumen micro-
organisms when grass silage is fed.
Ervris and PFANDER (1958) found with a semi-

N intake — (faecal N — metabolic N) — (urinary N — endogenous N)

purified diet for lambs that the N balance
decreased with an increase in the proportion of
cellulose. They suggested that protein was being
catabolized to compensate for reduced total
digestible nutrient intake. However, it is un-
likely that this is the explanation of the de-
creases in the N balances with the cellulose
supplements in the present silage experiments.
At the 15 9, and 30 9, carbohydrate levels the
animals received digestible energy in excess of
their maintenance requirement and 'also in
greater quantity than on the diet consisting
entirely of silage as will be seen later (Table 9).
Nor can the lower amount of crude protein in
the diets containing carbohydrate supplements
be the reason for the depressed N balance, be-
cause even the diets containing 30 %, carbo-
hydrate supplements had rather high crude
protein contents (Table 8), which were in excess

Table 8. Average crude protein content of different

diets.
Exp. I Exp. II
Diets g % of DM g % of DM
09, carbohydrate  210.5 22.2 173.7 18.7
15 9, » 179.0 18.9 147.7 15.9
309% » 147.0 15.5 121.7 131

of the animals’ requirements (Table 9 and
p. 234). It should be remembered that, unlike
the starch and cellulose supplements, the sucrose
supplements did not depress the N balances,
but rather increased them, although the crude
protein levels of these diets were the same.

Other feeding values

In this paper the discussion of »feeding val-
uesy will primarily treat the values of the pro-
tein and energy available for animals in grass
silage feeding.

The biological value of the protein is estimated
with the formula of Mitchell (MayNARD and
Loost1 1962, p. 396):

x 100

N intake — (faecal N — metabolic N)
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where metabolic N = 5 g/kg dry matter eaten
and endogenous N 0.u4s kg X live weight®7

All the cafbohydrate supplements used in
these experiments (Tables 5 and 6) improved the
biological value of the silage and the value rose
with the elevation in the level of the carbo-
hydrates. The effect of sucrose was the greatest.
In Exp. I, however, only the biological values of
the 30 9, sucrose and cellulose diets differed
significantly (P << 0.01) from those of the 0 %,
carbohydrate diet, whereas in Exp. II those of
the 15 9, sucrose and 30 9, starch diets also
differed significantly (P << 0.01). As in the case
of digestibility and N balance, it must be re-
membered that these results can be affected
by the amount of protein in the diet. The biol-
ogical value of protein has been shown to in-
crease when the amount of protein in the diet
decreases (Boas Fixsen 1935, BLAXTER and
Woop 1951). It is thus better to compare only
diets with the same levels of carbohydrates be-

cause they also contain the same amounts of

protein.

At the 15 9, carbohydrate levels in Exp. I,
the biological values of protein do not differ
significantly (P > 0.05) from each other, but
at the 30 9%, levels sucrose diet has a higher
value (P <C 0.01) than the starch diet. The value
of the corresponding cellulose diet does not
differ significantly (P > 0.05) from the other
two. In Exp. II there are no significant differ-
ences (P > 0.05) between the different carbo-
hydrate supplements at the same levels, but
the biological value of protein was again highest
with the sucrose supplements.

Further data reflecting the effects of the dif-
ferent carbohydrate supplements on the value
of silages fed to sheep are provided in the four
lowest rows in Tables 5 and 6. The energy
values of the experimental silages are calculated
on the basis of their chemical composition and
digestibility. The coefficients used for the di-
gestible nutrients were obtained from NJF tables
of feedstuffs (Anon. 1969), and are 0.9s for
crude protein and l.co for crude fat, N-free
extract and crude fibre. Value number 80 is

used in calculating the energy value for silage.
A feed unit (fiu.), which is equal to 0.7 of a
starch unit, is used as the measure of the energy
content of the feed.

The silages used in these experiments were of
rather good quality (Table 2), especially in
Exp. I, as has also been shown by the results
of the digestibility trials. Only 5.08 kg of the silage
of Exp. I is needed to make up a fiu. and its
bulk is 1.20 kg dry matter/fu. At the 159,
levels the sucrose and starch supplements in-
creased these figures only slightly, whereas at
the 30 9, levels they were significantly higher
(P < 0.05 or P << 0.01). In contrast, the cel-
lulose supplements decreased them slightly,
which means that in Exp. I cellulose had a
more favourable effect on the energy value
and bulk of silage than sucrose and starch.
The silages of Exp. IT having lower dry mat-
ter contents and digestibility coefficients, about
2 kg more are needed for a f.u. than in Exp. I.
The effect of the sucrose and starch supplements
on the amount per f.u. was similar to that in
Exp. I, but the effect of cellulose was differ-
ent: the cellulose supplements did not decrease
the amount, but slightly increased it. All the
carbohydrate supplements decreased the bulk
of the silages in Exp. II, the effect of the sucrose
and starch supplements being significant (P <C
0.05 or P < 0.01) at both levels. '

The content of digestible crude protein
(DCP) was higher in the silage of Exp. I than
in Exp. II, but the effect on it of the carbo-
hydrate supplements was about the same in
both experiments. At all the 30 9, carbohydrate
levels, and also at the 15 9%, sucrose level in
Exp. II, the DCP amounts decreased so much
that the differences from the 0 9, carbohydrate
diets were significant (P <C 0.01).

The average daily amounts of DCP and
energy received by the animals on the differ-
ent diets are presented in Table 9. The average
fu. values of the silage in the different diets
varied from 0.18 to 0.20 in Exp. I and from 0.12
to 0.14 in Exp. II. When the digestible nutrients
of silage are multiplied by the coefficients of
metabolizable energy (ME) (Anon. 1969),
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Table 9. Average daily amounts of digestible crude protein and energy per
sheep received from different diets.

Exp. I Exp. II
Diets DCP g fu. ME Mcal DCP g fuu. ME Mcal
09, carbohydrate 169.5 0.79 2.60 123.3 0.70 2.25
15 94 sucrose 138.9 0.86 2.69 92.2 0.75 2.32
309% » 107.5 0.93 2.75 68.8 0.81 2.87
15 9, starch 139.4 0.87 2.69 97.5 0.75 2.32
309 » 103.2 0.91 2.69 71.s 0.84 2.40
15 9, cellulose 140.9 0.85 2.61 98.5 0.76 2.22
30 9% » 110.5 0.90 2.56 75.9 0.82 2.24

which are 4.3 for crude protein, 5.0 for crude
fat, 3.7 for N-free extract and 2.s for crude
fibre, a Mcal value of 3.25 x fiu. is obtained.
A fa. value of 1.43 and a Mcal value of 3.6
(ibid.) are used for the dry matter of sucrose
and starch. The corresponding values for cel-
lulose are obtained in the same way as those of
silage, using the coefficients for grain products
in the NJF tables and value number 95. Thus
1 kg of the dry matter of cellulose contains
.20 fu. and 2.65 Mcal ME.

The daily DCP and energy amounts received
by the animals were higher than the main-
tenance requirements for an adult sheep weigh-

ing 60—70kg (PorjArvi 1948, Anon. 1965,
KerLNer and Becker 1971), which are on the
average 55 g DCP and 0.s fiu. This was also
indicated by a slight increase in the live weight
of most of the experimental animals (Table 10).

Table 10. Average change (kg) in live weight of animals
on different diets. :

Carbo-

hydrate Sucrose Starch Cellulose
Exp. 0% 159% 309 15% 30% 15% 30%
I 1.5 1l l.a lo 0.7 2.1 l.o
11 —* — 0.6 O 0.7 0.8 0.s — 0.

* is disregarded, because the animals has silage ad
libitum on the 10 first days of every preliminary period,
in contrast to the other diets.

Table 11. F-values of least square variance analysis for pH, ammonia nitrogen and volatile fatty acids of the
rumen fluid of sheep in Exp. I and Exp. II.

Carbo-
Experiments Animals? Periods ! Sz:i‘:glsnllg hs;:;z; 1 Silages ® hyd;ate :
silage
PH 67.62 14.11 28.27 324.84 32.62 11.36 l.13 NS
NH;-N, mg/100 ml........ 98.80 4.4 3.7 552.10 119.51°  25.%3 2.69
Total VFA, mmoles/100 ml  144.61 22.64 6.29 742.44 23.42 19.85 2.87
Acetic acid, molar % .. 759.90 13.10 4.88 446.70 68.82 2.48 NS 3.00
Propionic acid » 281.84 24.13 2.18 86.24 13.32 0.2 NS 3.77
Butyric acid » 116.97 2.81 7.1 143.42 T4.04 0.90 NS  8.01
Isovaleric acid » 52.40 3.20 6.17 71.72 30.46 5.98 0.29 NS
Valeric acid » .... 488.31 2.62 4.9 278.70 14.50 3.2 1.s2 NS
Ratio acetic: propionic .... 531.77 23.28 5.11 182.04 23.39 0.97 NS 2.67
» acetic: butyric ...... 107.38 2.54, 6.23 97.17 43.55 0.62a NS 2.28
»  propionic: butyric 0.7sNS  6.12 4.36 10.18 18.05 0.00 NS 2.20
F(1,1105) F(8,1105) F(8,1105) F(2,1105) F(6,1105) F(2,690) F(12,690)
P<0o001 .eoovnn... 10.83 3,27 3.27 6.91 374 6.91 2.7
P<O0o1 .......... 6.63 2.51 2.51 4.61 2.80 4.61 2.18
P<0os .....0.... 3.84 l.9a l.sa 3.00 2.10 3.00 l.7s

The values not followed by NS are statistically significant

1from Exp. I and Exp. I
2 from Exp. II

234



Rumen fermentation

The results concerning rumen fermentation
are also presented and treated separately for
Exp.I and Exp. II, except in Figs. 7—9 and
Table 16. This is done because of the great dif-
ferences between these results (Table 11), which
are probably attributable to the differences be-
tween the silages used, as in the case of digest-
ibility (see p. 229).

As the samples from the rumen were taken
on the three last days of every experimental
period and there were 7 periods in Exp. I, the
values in Table 12 are the averages of 21 samples
in all the diets except in the 0 %, carbohydrate
and 30 9, cellulose diets, where they are based
on 18 samples. The missing values are taken
into consideration in the statistical treatments of
the results (STeer and TorriE 1960, p. 324).

The results in Exp. II are shown combined
for all the silages (Table 13) and also separately
for each silage (Table 14). The values in the
former case are the averages of 81 samples in the
0 %, carbohydrate diet and of 27 samples in
each of the diets containing carbohydrate sup-
plements. In the latter case they are the aver-
ages of 27 samples, since there were three sam-
pling times (Appendix 4). Each Latin square is
kept separate in the calculations and tests of
the results concerning the effect of the differ-
ent carbohydrate supplements on rumen fer-
“mentation with different silage diets (Table 14).’
This is done because the results relating to
rumen fermentation processes can vary con-
siderably with the animal and especially the
period in an experiment lasting some time
(Table 11). In a 5 X 5 Latin square experi-
ment, Moir and SoMers (1957) found signifi-
cant differences between sheep and periods with
regard to pH, ammonia and total VFA.,

pH values

The pH values of the rumen fluid samples in
Exp. I (Table 12) and Exp. II (Table 13) agree
in most cases, although they are slightly higher
throughout Exp. II than in Exp. I.

The 15 9, sucrose and starch supplements had
about the same effect on the pH of the rumen
fluid, and changed it only slightly compared
with pure silage. However, with the 15 %, starch
diet the pH of samples taken 5.5 hr after feed-
ing remained about the same as in the 2.5 hr
samples, whereas with the 15 %, sucrose diet it
had increased. The situation was the same at
the 30 9, levels: the starch supplements kept
the pH low for a longer time than the sucrose
supplement (Fig. 7). Thisis at least partly attrib-
utable to the fact that starch is fermented
slower in the rumen than sucrose (PaILripson
1942, Puirripson and McAnarry 1942, CzER-

‘kawskl and BrECKeNRIDGE 1969). The 30 9%,

sucrose and starch supplements decreased the
pH more strongly than the 15 9, diets in the
samples taken 2.5 and 5.5 hr after feeding, so
that it differed significantly (P << 0.05) from
that of the diets containing silage alone. It is
noteworth that the effects of the 15 9, and 30 %,
cellulose supplements differed from those of the
sucrose and starch. Cellulose fermentation in
the rumen was slow and probably continued
throughout the day, because the sampling time
had only a slight effect on the pH with these
supplements. In spite of these differences be-
tween the carbohydrate diets and sampling
times, the pH values on all the diets were be-
tween 6.1 and 6.9 and can be kept optimal for
normal feeding (AnNisoN and Lewrs 1962).

A comparison of the effect of different carbo-
hydrate supplements on the pH values with
AIV 1, formic acid and Viher solution silages
(Table 14, Appendix 4) does not reveal any
notable differences between silages with the
same carbohydrate supplement. The pH values
obtaining with the silages at the 0 9, carbo-
hydrate levels are examined in more detail later
in this paper (Table 18).

Ammonia concentration

Both in Exp. I (Table 12) and in Exp. II
(Table 13) the ammonia concentrations in the
rumen samples are lower at every sampling
time on diets containing carbohydrate supple-
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Table 14. pH, ammonia nitrogen and volatile fatty acids in the rumen fluid of sheep on different diets in Exp. II.
The values are the averages of the different sampling times.

Sucrose Starch Cellulose
0% 15% 30 9 0%  159% 30 9 0%  15% 30 %

pH

AIVI ..ol 6.59 6.55 6.48 6.672d  6.16P¢  6.g9Pde | 6.732d  G.73ad G 50be

Formic acid ............ 6.71 6.68 6.66 6.573d  6.483D  6.400€ 6.582d  6.493D  6.45bd

Viher solution .......... 6.66 6.59 6.55 6.832d  6,713b  6,¢70d 6.703d  6.593D 6, 49be
NH,-N, mg/100 ml

AIVI ..oviiiiiinnnn, 27.0d  17.¢¢ 10.0f 26.52d  [23.52d  15.1be 27.38d  24.g3b 20, qbe

Formic acid ............ 27.04  19.1¢ 10.9f 28.93d  22.1be  16,7ce 32.48d 24 ,5be  20,9ce

Viher solution .......... 27.34  14.58 9.0t 27..4 22,68 13.5f 23.2d  20.92d  14.gbe
Total VFA, mmoles/100 ml

AIVI .. i, 8.89 8.89 8.78 9.23 9.83 9.80 8.95Pd g 43ab g g5ae

Formic acid ............ 10.073d 10.0030  9.10bd 9.99 10.14 9.92 9.75 9.78 10.29

Viher solution .......... 9.65 9.54 9.72 9.52 9.44 9.18 9.58 10.05 10.18
Acetic acid, molar 9,

AIVI ..o 73.92d  71.7,2d  §6.1be 74.030d 74 5ad 71, sbd 72.8 73.% 72.5

Formic acid ............ 72.33d  69.53b g7, ybe 72.6 71.6 72.7 72.8 73.¢ 71.7

Viher solution .......... 72.984  68.¢Pde 64, ;ce 76.73d 74, gbde 74 gbe 72.5 73.2 73.3
Propionic acid, molar 9,

AIVI ... ... 17.5 16.5 17.2 17.5 15.7 16.7 18.53¢  16.gbe  19.,2d

Formic acid ............ 18.23b  17.9bd 19 ;ad 17.623d  16.¢8b  15,5be 17.3 16.1 17.3

Viher solution .......... 17.1be  16.7be  2].3ad 16.0 15.7 15.3 17.8 16.9 17.9
Butyric acid, molar 9,

AIVI ..., 6.4 10.1® 15.8f 6.sbe  7.gbe g gad 6.9d 8.0 7.4f

Formic acid ............ 7.¢be  10.s3d  11.;a3d 7.6be 9 pad 9. ad 7.7be  8.;ade  Q ,sad

Viher solution .......... 7.9Pe 12,9234 ]2 gad 5.4be 7 qad 7.62d 7.7be 8 gad 8.obde
Isovaleric acid, molar 9

AIVI .. ..., l.7 ls 0.5 1.2bd l.g3bd ] s3d 1.33d 1.12d 0.7be

Formic acid ............ l.a3d  1,02b 0.sbe l.s 2.0 21 l.7 1.2 l.2

Viher solution .......... 154 1.08 0.3f 1.5be 1.78b 1.98d 1.5d 0.9¢ 0.5t
Valeric acid, molar %,

AIVI ... ... 0.428  (.q24 0.7ve 0.4 0.5 0.5 0.5 0.2 " 0.3

Formic acid ............ 0.5 0.6 0.7 0.5 0.7 0.5 0.4 0.3 0.2

Viher solution .......... 0.6 0.7 0.5 0.5 0.5 0.5 0.g2d 0.4be 0.3be
Ratio acetic: propionic

AIVI ... . ..., 4,230 4 462d 3, g3bd 4.35Pd  4.932d 4 532b 4.020d 4 43ade 3 ggbe

Formic acid ............ 4.032d  3.958b 3 570d 4.222d 4 g9ade 4 ggbe 4.28 4.65 4.27

Viher solution .......... 4,342 49080 3 gghe 4.56 4.83 4.95 4.12 4.38 4.34
Ratio acetic: butyric

AIVI .. i 11.e8d  7.6a® 5.07f 11.222d 10.0223d  7.6sP¢ | 10.64230 Q.3be 9 g7ade

Formic acid ............ 10.273d  7.¢1Pe  6.es5Pe 9.76 10.16 8.26 9.608d  8.5gbde 7 g7be

Viher solution .......... 9.4734  5.ggbe  5.47Pe | 14.573d 10.ggbe  10.16be 9.623d  B,66Pd  9.193b
Ratio propionic: butyric

AIVI ... i i, 2.754 1.72¢ 1.26f 2.608d  2.0¢be  ].ggCe 2.682d 2 10be 2 g0ad

Formic acid ............ 2.532d  1.g1be ] gpbe 2.34 2,47 l.7a 2,272 ],g7be ] gqbe

Viher solution .......... 2.19¢  l.gs® 1.7sf 3.013d  2,26be 2 ggce 2.3480  2,01be 2 gsade

Statistical analysis performed separately for each silage diets containing different levels of the same carbohydrate
supplement. The Tukey test (STEEL and TorrJE 1960) was applied to the differences between the averages, Dif-
ferent letters in a horizontal row show that there are significant differences between the averages at the 95 %,

(a—c) and 99 9%, (d—e) levels of confidence.

ment than without it, the differences being
significant (P << 0.01) in most cases, especially
in samples taken 2.5 hr after feeding. Further
it is lower at the 30 9, level than at the 15 9,
level of the same carbohydrate supplement. The
effect of the carbohydrates at the same level is
in all cases in the same order, the ammonia
concentrations being lowest with the sucrose
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supplements, higher with the starch and highest
with the cellulose supplements, although there
are some variations in its degree between Exp. I
and Exp. II. At the 15 9, levels in Exp. II the
ammonia concentrations in the rumen fluid
samples are significantly lower at every sam-
pling time (P < 0.05) with the sucrose supple-
ment than with the starch and cellulose sup-



plements. The situation is about the same
at the 30 9, levels, except in samples taken
5.5 hr after feeding, where the differences be-
tween the sucrose and starch diets are not
significant. (P > 0.05). In Exp. I the tendency
is the same, although the differences are not
significant in so many cases. The ammonia con-
centrations with the 15-%, starch supplement
are clearly lower than those with the 159,
cellulose supplement, especially in Exp. I, but
the differences are not significant (P > 0.05).
However, the differences are significant (P <
0.035) at the 30 9, levels in about all the samples
taken after feeding in both experiments.

A comparison of the effect of the different
carbohydrate supplements on the rumen am-
monia concentration with AIV I, formic acid
and Viher solution silages (Table 14, Appen-
dix 4), reveals that it is roughly the same with
all the silages. It is perhaps worth mention-
ing that in samples taken 2.5 hr after feeding
the 30 9, starch and cellulose supplements de-
creased the ammonia concentration more with
Viher solution than with formic acid and AIV I
silages.

The above results agree with those of earlier
investigations of McDonaLp (1948, 1952) and
others (BARNETT and Rem 1961), where readily
available carbohydrates were also found to
depress the amount of ammonia in the rumen
fluid. When these results are examined, it
should, however, be borne in mind that the
silage was the only nitrogen source in the present
experiments and that its amounts decreased
when the carbohydrate levels rose. CHALMERS
(1961) found that when the concentration of
ammonia in the rumen fluid is determined at
intervals throughout the day, it is apparent that
the form of its curve closely follows that of the
intake of nitrogen. ScMEkeL (1967 a) and Cis-
zUk (1972) also found that the amount of rumen
ammonia depends on the amount of N in the
ration. It is therefore better in this study to
compare the effect of the different carbo-
hydrates at the same level on the ammonia
concentration in the rumen, because then the N
content in the diets is the same. Figs. 7 and 8

show clearly the effects of the carbohydrates at
the same levels and Fig. 7 also the considerable
variation with the sampling time.

Since the extent of ammonia production in
the rumen can be correlated with the utiliza-
tion of dietary protein (CHALMERs and SYNGE
1954), it can be supposed that in these experi-
ments sucrose had the best effect on the utiliza-
tion of the dietary nitrogen, being followed by
starch and then cellulose. The observation that
the sucrose supplement improved N utiliza-
tion on the silage diets more than the starch
and cellulose supplements can be attributed
to differences in the rates at which those carbo-
hydrates are fermented in the rumen (PrILLip-
soN 1942, PuiLuipsoN and McANALLY 1942),
and the intensity of rumen N metabolism of
sheep on silage diets (Tancurov 1971), discuss-
ed earlier in this paper in connection with the
N balance (p. 230). In the experiments of LEwis
and McDonarp (1958), where the sheep were
on hay diets, starch reduced the concentration
of ammonia in the rumen slightly more than
sugars and cellulose. '

It is generally accepted that the higher the
ammonia concentration in the rumen the more
it may be absorbed through the rumen epi-
thelium, converted to urea in the liver and ex-
creted in the urine, thus depressing the utiliza-
tion of dietary nitrogen (BARNETT and RErip
1961). A proportion of the urea formed in the
liver, can, however, return to the rumen in
saliva or via the bloodstream. Dietary carbo-
hydrates have been found to improve the utiliza-
tion of this recycled urea (HoupT 1959, SoMERs
1961, Packerr and Groves 1965). The rate of
ammonia absorption is influenced by both the
concentration gradient (Lewis et al. 1957, Ho-
GAN 1961) and the pH of the rumen fluid
(CiooMBE et al. 1960, Hocan 1961, BLOMFIELD
et al. 1963), although PiLcrm et al. (1969) did
not find any effect of changes in pH between
6.2 and 6.9 on the ammonia absorption. An
increase in pH causes the NH] ions to be con-
verted to NH,, which is rapidly absorbed from
the rumen. A decrease in the pH of the rumen
fluid produced by carbohydrate fermentation
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and Exp. II (Appendix 7). :

241



Fig. 8. NH; -N in the rumen fluid of sheep on different carbohydrate diets in Exp. I and
Exp. II. The values are the averages of the different sampling times.

will thus decrease the rate of ammonia absorp-
tion and increase its conversion to microbial
protein. The function of carbohydrates in this
conversion is to make energy and carbon skele-
tons available for microbial synthesis.

When the ammonia concentration of the ru-
men fluid is used as a criterion of dietary pro-
tein utilization, it must be borne in mind that
its concentration in the rumen fluid at any
one time is the result of many factors acting
simultaneously. It does not give any direct in-
dication of the total quantity of ammonia
evolved from the protein, nor any measure of
the rate of evolution or absorption. The most
that can be said is that high ammonia con-
centrations indicate that the deamination of the
protein has exceeded the capabilities of the
micro-organisms to use the degraded products
for synthesizing their own protein (CHALMERS
1961). The use of the concentration of ammonia
in the rumen as a measure of the quality of
dietary protein has the advantages that the
results are- obtained in a shorter time and
less material is required than in an investiga-
tion of the nitrogen balance.
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VFA concentration

The total amount of VFA per volume unit
of the rumen fluid was not determined sepa-
rately, but was taken as being the sum of the
amounts of acetic, propionic, butyric, isovaleric
and valeric acids, which were determined by
gas chromatographic analyses and expressed as
mmoles/100 ml of rumen fluid. Besides these
acids, the rumen fluid can contain other VFA,
such as caproic acid (@rskov and OLTJEN
1967). However, their amounts are not high
and their omission from the calculation of the
total amount of VFA cannot give rise to signifi-
cant errors.

Lactic acid, the intermediate stage in the
production of VFA, was also disregarded in the.
analyses of the rumen samples, although it is
present in the rumen (PrirLipson 1942, BaLcH
et al. 1955), especially with rations containing
abundant sugar and starch (PaiLLipson and
McAnarLLy 1942, HUNGATE et al. 1952, Bricas
etal. 1957), and under certain conditions can
lower the pH considerably. Since lactic acid
is fermented into fatty acids very rapidly, it



////////// ,?/
\\:///////////

77777777

0 2] «©

243



Table 15. Distribution of energy of VFA mixture among different acids in
different carbohydrate diets. The results are the averages of different sampling

times in Exp. I and Exp.

II (see Appendix 5—6).

e . A
VEA En{:;ﬁg‘x of Distribution of; s;:fsr%% a)xmong different c;;f;?igc!;
Diets mmoles/ ~ Mmixture vaue o
100 ml kcal/ Acetic  Propionic  Butyric Valericl  mixture
100 ml acid acid acid acid keal/
. mole
0 9% carbo-
hydrate  9.25 2.60 51.9 24,9 16.9 6.9 281
15 9, sucrose 9.02 2.62 477 24.4 221 5.7 290
309% » 8.74 2.60 445 25.4 25.4 4.0 297
15 94 starch 9.41 2.08 524 23.2 17.5 7.2 279
309 » 9.20 2.62 50.8 22.5 19.5 7.3 285
159, cellulose  9.72 2.73 52.2 24.2 17.9 5.5 281
30% » 9.97 2.76 53.3 25.7 16.7 4.3 277

1isovaleric acid is included.

can be detected only during a short period after
feeding (Barcu et al. 1955, VuysT et al. 1969)
and can almost completely disappear within
2 hr (Sutton 1971). In the present experiments
the first rumen samples were taken as much as
2.5 hr after the beginning of feeding. It can
thus be assumed that most of the lactic acid
had already disappeared from the rumen. In
another study lactic acid could not be found in
the rumen of a cow fed silage with a high lactic
acid content, which also indicates that the fer-
mentation of lactate in the rumen can be very
rapid (Barcu and Rowranp 1957).

The sucrose diets generally gave lower rumen
VFA concentrations than the diets consisting
entirely of silage, the depression being greater
at the 30 9%, level than at the 15 9, level. The
corresponding starch supplements had a vari-
able effect on the concentration, although some
increase was found in samples taken 5.5 hr after
feeding. The differences between 0 9, carbo-
hydrate and sucrose and starch diets are signifi-
cant (P << 0.05) in only a few cases. Cellulose
gave a slight increase in VFA production, it
being greater at the 30 9%, than at the 159
level, and the differences from 09, carbo-
hydrate diets being significant (P < 0.05) in
samples taken before feeding. A comparison of
the total VFA amounts at the same level of
carbohydrate supplements shows that at both
the 15 9%, and 30 %, levels the concentration de-
creased in the same order, from cellulose to
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starch to sucrose, at almost every sampling
time. In samples taken before feeding it is
significantly higher (P < 0.05) with the 15 9,
cellulose supplement than with the 15 %, sucrose
supplement, and also significantly higher with
the 30 9%, cellulose supplement than with the
30 9, starch and sucrose supplements (P < 0.03).
In Exp. II, in contrast to Exp. I, the samples
taken 2.5 hr after feeding showed a slightly
higher VFA concentration with sucrose than
with some other supplements, though the dif-
ference was not significant (P > 0.05). In samples
taken: 5.5 hr after feeding the concentration was
significantly higher (P < 0.05) with the 30 9
cellulose than with the 30 9, sucrose supplement
in both experiments.

The effect of the different carbohydrate sup-
plénients on the absolute and relative amounts
of the individual VFA varied. The sucrose sup-
plements decreased the molar percentages of
acetic and isovaleric acids, the differences from
the. 0 9%, carbohydrate diets being significant

~ (P < 0.05) in most cases, and increased those

of propionic, butyric and valeric acids. The
effects of the starch and cellulose supplements
on the molar proportions of the individual VFA
were rather slight, although cellulose tended to
increase the proportion of acetic acid in some
cases. The differences between the different
diets in the total and individual VFA amounts

in the rumen fluid are clearly seen in Figs. 7
and 9.



The distribution of the energy of the VFA
mixture among the different acids (Table 15,
Appendix 5 and 6) was calculated by using the
molar caloric values as follows: acetic acid
209.4 kcal, propionic acid 367.2 kcal, butyric
acid 524.s kcal and valeric acid 681l.¢ kcal
(WeasT 1968—69, pp. D 184—189). The aver-
age molar caloric value of the VFA mixture
was highest with the diets containing sucrose
supplements and lowest with the diets contain-
ing cellulose supplements, This is due to the
fact that with the sucrose supplements the
fermentation in the rumen produced a greater
proportion of acids with high molar caloric
values, especially butyric acid, whereas with
the cellulose supplement the proportion of acetic
acid was greater. With the starch diets the
caloric values of the VFA mixture lay between
those of the sucrose and cellulose diets. The
differences between the different diets are sta-
tistically signiﬁcan't in only a few cases (Ap-
pendix 5 and 6). Greater differences are found
between the different sampling times, the samples
taken 2.5 hr after feeding having the highest
molar caloric values for the VFA mixture (see
also Table 16).

The effect of the different carbohydrate sup-
plements on the rumen fluid did not vary
greatly between the AIV I, formic acid and
Viher solution silages. An examination of the
average amounts of VFA at the different sam-
pling times (Table 14) shows that compared
with the corresponding diets without a carbo-
hydrate supplement they were significantly
lower (P < 0.05) only with the 30 9% sucrose
supplement in the formic acid silage diet, and
significantly higher (P < 0.01) only with the
30 9%, cellulose in the AIV I silage diet. The
changes in the absolute and relative amounts
of individual VFA on the different silage feeds
were roughly similar with the same carbo-
hydrate supplements. The differences in rumen
VFA production between the silages without
any carbohydrate supplement will be examined
later in this paper (Table 18). A

- The composition and amount of the VFA
mixture in the rumen fluid depends closely on

the nature of the feed and its digestion in the
rumen, as many studies have shown (BARNETT
and Rem 1961, HuncaTE 1966). In the present
investigations the sucrose supplements depress-
ed ruminal VFA formation during grass silage
feeding. Similar results were obtained by Krju-
xov (1965) and Kurirov et al. (1966) with large
amounts of sugar, 5—10 g/kg live weight, in
roughage diets for cattle, whereas smaller
amounts, 3 g/kg live weight, stimulated rumen
fermentation. In contrast, KerLoce and OWEN
(1969) found that different sucrose additions
had no effect on total VFA production. In
other experiments cellulose and in some cases
also starch supplements tended to increase the
VFA production (McDoNALD 1948, 1952, CrAP-
PeLL and FonTENOT 1968).

The proportions of the individual acids in
the total VFA agree in most cases with the ex-
periments of @rskov and Ortjey (1967)and
others (BarNETT 2and REID 1961, HUNGATE 1966),
where the proportions of acetic and isovaleric
acids decreased from complex (cellulose) to
simple (glucose) carbohydrate sources and those
of butyric, propionic and valeric acids, in-
creased, though not linearly in the case of
propionic acid. It is likely that the proportions
of butyric and higher VFA may be indicative
of the rate of fermentation, because they in-
crease with the rapidly fermented mono- and
disaccharides (@rskov and OLTJEN 1967). This
is also supported by the experiments of LAMPILA
and PorjArvi (1959), where they found a very
high proportion of butyric acid in the VFA
mixture on a diet containing fodder sugar beets.
A high proportion of acetic acid has generally
been associated with a high roughage diet and
that of propionic acid with a high concentrate
diet (HUuNGATE 1966).

The amount of VFA production in the rumen
with a certain diet is also dependent on how
large a part of the feed is digested in the rumen.
Quantitative information on rumen fermenta-
tion is difficult to obtain. There is considerable
disagreement about the proportion of the di-
gestible energy of ruminants that is fermented
in the rumen and the amount that can escape

245



Table 16. Average total VFA amounts and proportions of individual acids in
the diets of Exp. I and Exp. II.

Total VFA Molar % of total VFA
Sampling time m(x)r(x]oles/ Acetic  Propionic  Butyric Isovaleric Valeric
100 ml - "4 acid acid acid acid
Before feeding ........ 7.94 73.0 17.2 8.1 l.a 0.4
2.5 hr after feeding 10.74 65.2 19.9 11.7 Lo 1.3
5.5 hr. after » O.38 70.2 18.0 10.0 1.1 0.8
Average ............ 9.35 69.4 18.4 9.9 ls 0.8

rumen fermentation. Soluble sugars, such as
sucrose and glucose, have been shown (Sut-
ToN 1971) to be digested nearly completely in
the rumen and it is unlikely that much of them
escapes fermentation. This is also the case with
large amounts of sugar. Starch is also rapidly
digested and only about 5—10 9, usually es-
capes fermentation, although the percentage can
sometimes be higher. The physical structure of
the grain (@Orskov et al. 1969) and the type of
microbial population can effect the rate of
starch fermentation (HuncaTE 1966). The quan-
tity of starch passing into the abomasum has
been found to increase with increasing starch
intake (KARR et al. 1966). Of the digestible
cellulose usually some 10—20 9, escapes fer-
mentation in the rumen (HuncaTe 1966).
The amounts of the total and individual VFA
varied more widely with the sampling time
than with the different diets, as was also the
case with the pH values and ammonia con-
centrations (Table 11, Fig. 7). This was the
main reason why the results of the different
sampling times were generally treated separately.
When the averages of all the diets are calculated
(Table 16), it is seen that the molar proportion

of acetic acid increased and those of propionic
and butyric acids decreased between the first
and second samples taken after feeding. Similar
results were obtained by Gravy and PrLrmM
(1951), REm etal. (1957), Lampira and Por-
JArvr (1959), ScmMmerer (1967 a, 1967 c) and
Saue (1968), but in some other experiments the
molar percentages of the individual fatty acids
did not change much with the time elapsing
between feeding and sampling (Smaw 1961).
The variation with sampling time of the relative
amounts of the individual VFA can be primarily
associated with the different rates at which
these acids are absorbed from the rumen. It has
been shown in many experiments (BARNETT and
Rem 1961, AnnisoN and Lewis 1962) that
under the normal slightly acid conditions exist-
ing in the rumen, butyric and propionic acids
tend to be absorbed at a faster rate than acetic
acid, but not in greater quantity. The absorp-
tion and production of the rumen VFA is a
complex process, which has been shown to be
closely dependent on the pH of the rumen
contents (BARNETT and Rem 1961, AnNison
and Lewis 1962, Lampira 1964).

Effect of preservatives on the utilization of silage

The results examined in this section are only
from Exp. II and thus relate to the silages
prepared with AIV I, formic acid and Viher
solution preservatives.

Digestibility, nitrogen retention and other feeding values

The results on the left-hand side of Table 17
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were obtained with diets consisting entirely of
silage, and are thus the averages of 9 trials. The
results on the right-hand side relate to the carbo-
hydrate diets as well, thus being the averages
of 27 trials. .

Formic acid silage gave the highest digest-
ibility coefficients for all the components, ex-
cept crude fat, being followed by AIV I silage



Table 17. Digestibility, N balance and feeding values of AIV I, formic acid and Viher solution silages.

Diets containing only silage Diets also containing carbohydrate supplements

Fi i Vih SE of F i Vih SE of

AIV 1 :::ll:gm solllxtitgn meags AlV 1 gzxi?im sol\ljt?(:n meags

Digestibility, %

Dry matter ........ 70.9 724 70.0 0.57 68.3 68.9 67.0 0.70
Organic matter 74.2 751 731 0.56 71.7 721 70.2 0.68
Crude protein ...... 71.;ade 79 sae 68.9bd 0.56 65.9 66.3 63.1 L.20
Crude fat .......... 72.6 72.0 70.9 0O.56 72.3 72.0 715 0.39
N-free extract ...... 74.2 75.7 74.2 0.74 71.8 72.5 71.4 0.7a
Crude fibre ........ 76.2 76.8 74.8 0.71 75.5 75.6 73.4 0.88
Crude carbohydrates 75.1 76.1 74.5 0O.63 73.3 73.7 72.3 0.83
N balance, g/day ...... 2.78 2.63 l.78 0.40 2.14 2.59 l.87 0.26
Biological value ...... 44.7 44.5 39.8 1.4 50.4 50.4 47.3 1.58
kg/fu. ool 7.208d€  6.910d 7.4288 0.06 7.q68de 7 gobd 7.73¢0¢ 0.07
DM kg/fu. .......... 1.333b 1.312d 1.36Pd 0.01 .38 l.37 l.a1 0.01
DCPg/ffu. ............ 175.130 172,334 183.¢bd 2.13 165..24  163.92d  174.,70e 1.99
DCP % in DM ...... 13.1 13.2 13.5 L.s2 12.1 12.0 12.4 2.28

Statistical analysis performed separately for diets containing only silage and for diets also containing carbohydrate
supplements. The Tukey test (STEELE and TorRIE 1960) was applied to the differences between the averages. Differ-
ent index letters in a horizontal row show that there are significant differences between the averages at the 95 9,

(a—c) and 99 9, (d—e) levels of confidence.

and then Viher solution silage. The differences
between these silages are, however, small, being
significant only in the case of crude protein,
whose digestibility is significantly lower in Viher
solution silage than in both formic acid (P <
0.01) and AIV I (P < 0.05) silage.

The N balance with diets consisting entirely
of silage is highest on AIV I silage feeding,
lower on formic acid, and lowest on Viher solu-
tion silage feeding. With diets containing carbo-
hydrate supplements the N balance decreases
from formic acid to AIV I to Viher solution
silages. On the whole, it seems that the carbo-
hydrate supplements had a slightly more ad-
verse effect on the N balance with AIV I than
with formic acid silage, whereas with Viher solu-
tion silage their effect was slightly beneficial.

The biological value of the different silages’
decreases in the same order as the N balance,
although it is higher in diets with carbohydrate
supplements than without them (Table 6).
When these results are evaluated, it should be
remembered that the differences between the
different silages are not significant (P > 0.03).
However, the differences between the other feed-
ing values of the different silages were significant
in many cases, formic acid silage giving the

best results, followed by AIV I and then Viher
solution silage.
Poutiamnen and Huipa (1970) obtained si-

milar results when comparing the digestibility

of grass silages prepared with different preserv-
atives. The digestibility of crude protein in
Viher solution silage was about 4 %,-units lower
than in AIV I and formic acid silages (P <
0.05). The other digestibility coefficients were
also lower, but not significantly so. The N bal-
ance was slightly higher, though not signifi-
cantly so (P < 0.1), with Viher solution silage,
in contrast to the results of the present experi-
ments, where it was slightly lower. The effect
of the formaldehyde of the Viher solution in
decreasing the solubility of protein (FErcuson
et al. 1967, Re1s and Tunks 1969) probably had
no importance for N retention in the present
experiment. It seems that the amounts of form-
aldehyde in the preservative giving optimal
N retention by animal probably lie within a
fairly narrow range, because different experi-
ments have given varied results. In the present
experiments, the proportion of formaldehyde
was about 0.8 % of the dry matter of fresh
grass.

Numerous digestibility trials have been car-
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ried out under various conditions with silages
preserved by different methods (Warson and
Nasu 1960, Saue 1968, BursTEDT et al. 1971),
but even a partial review of them would take
too much space in this study.

Rumen fermentation

The values for the diets containing only
silage (Table 18) are the averages of 27 rumen
samples taken at each sampling time and those
for the diets containing also carbohydrate sup-
plements are the averages of 81 samples.

The pH values of the rumen fluid are lowest
with formic acid silage, differing significantly
from those with Viher solution (P < 0.01) and
AIV I (P < 0.05) silages in samples taken 2.5
hr after feeding. It should be mentioned that the
pH of the silage samples increased in the same
order as that of the rumen fluid samples: from
formic acid to AIV I to Viher solution (Table 2).

* The ammonia concentration in the rumen
fluid is lowest with Viher solution silage in
samples taken 2.5 hr and 5.5 hr after feeding,
higher in AIV I and highest in formic acid
silage, the differences being significant (P << 0.01
or P < 0.05) between Viher solution and
formic acid silages. In samples taken before
feeding they are, however, lower with AIV I
silage than with formic acid (P < 0.01) and
Viher solution silage (P << 0.05). The lowest
mean ammonia concentration with Viher solu-
tion silage can be attributed to the protein-
protecting effect of formaldehyde. In this silage
the crude protein was less decomposed (Tables 1
and 2) than in the other silages. Its degradation
in the rumen was thus lower and ammonia was
released slower than with formic acid and AIV I
silages. This explanation is supported by the fact
that the dry matter of the Viher solution silage
contained more crude protein (Table 1) than
that of the other silages, and the fact that the
rumen ammonia level generally increases with
increasing crude protein content of the feed
(ScaMEKEL 1967 a). But the final value for the
animal of this effect of formaldehyde is difficult
to assess, because in spite of the lowered rumen

ammonia content N retention was not better
with Viher solution silage, but even lower than
with AIV I and formic acid silages.

These results agree with those obtained by
Saue (1970), when he compared the ammonia
concentrations in the rumen fluid of sheep fed
with grass silages preserved by formic acid,
formalin and combinations of the two sub-
stances. The ammonia concentration decreased
when the proportion of formalin increased. In
samples taken 2 hr after feeding it was:

NH,-N mg/100
ml

Without preservative ............oovviin. 36.5
Formic acid ........cvviriiinieinnnn 26.4
1 formalin: 2 formic acid .............. 19.8
2 formalin: 1 formic acid .............. 17.2
Formalin .............civieinininnennns 14.3

Lampira (1960) found almost the same mean
ruminal ammonia contents in a cow fed with
hay, concentrates and silages prepared with
AIV acid, Calcifor salt and without preserva-
tives. With AIV salt the rumen ammonia con-
centration was 24—32 9, higher than with the
other three silages, probably owing to the am-
monium content of this preservative. SCHMEKEL
(1967 c) found that the silage preservative caused
only small differences in the rumen ammonia
content of sheep. The content varied more
widely with the amounts of silage consumed and
the sampling time. In his experiments the silage
was prepared with NaHSO,, Na,S,0;, Kofa,
malt-cereal and without preservatives. »
There are only a few experiments concerning
the effect of different silage preservatives on the
rumen ammonia production, but more atten-
tion has been paid to the effect of silage versus
artificially dried grass or hay (Warpo et al.
1966, Scumeker 1967a, Save 1968, Ciszuk
1972). In most of the experiments the rumen
ammonia content was higher with silage than
with dried grass or hay made from the same
material. This has been shown to result from
differences in the solubility of the crude protein.
The protein is denatured in the drying processes,
especially in high temperature drying (HEnk and
Lause 1968). The higher amount of soluble
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Table 19. Distribution
different silage diets at

of energy of VFA mixture among different acids in
0 94 carbohydrate levels. The results are the averages

of different sampling times.

Energy of Distribution of energy among different Average
Db - VFA VFA acids (%) caloric
et 1 .

iets T&;O;SI/ ml:)é:;/re Acetic Propionic  Butyric  Valeric! ¢ :il;:tire

100 ml acid acid acid acid kca][mole
AIVI ...... 9.03Pe  2,41Pe 57.5 24.6 13.2 4.8 267
Formic acid .. 9.943d  2.702d 55.7 24.1 14.9 5.3 272
Viher solution 9.s22d  2.572b 57.9 23.4 13.7 5.0 268

1 isovaleric acid is included.

Meaning of index letters same as in Table I.

carbohydrates in hay can also be responsible for
the lower ammonia content.

The total VFA amounts in the rumen fluid
were highest with formic acid silage, lower with
Viher solution silage and lowest with AIV 1
silage. The differences between the formic acid
and AIV I silages were significant (P < 0.01) at
every sampling time. The relative proportions of
the individual acids in the total VFA varied
with the different silages, especially in the
samples taken 2.5 hr and 5.5 hr after feeding.
The proportion of acetic acid was highest with
Viher solution silage, lower with AIV 1 and
lowest with formic acid silages. That of propionic
acid decreased from AIV I to formic acid to
Viher solution, and that of butyric acid from
formic acid to Viher solution to AIV I. The
carbohydrate supplements tended to lower the
differences between these silages in the relative
amounts of the individual VFA in the rumen
fluid.

No differences (P > 0.05) were found be-
tween the AIV I, formic acid and Viher solution
silages in the distribution of the energy of the
VFA mixture among the different acids (Table
19), or in the average molar caloric value of the
VFA mixture. The energy of the VFA mixture
per unit volume of the rumen fluid is signifi-
cantly higher (P < 0.01) in animals on formic
acid silage feeding than in those on AIV I
silage feeding, as was also the case with the
VFA content.

As in the case of ammonia, there are very few
investigations concerning rumen VFA pro-
duction with silages preserved by different
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methods. Those which exist (OrtH 1961,
ScaMEKEL 1967 ¢) do not deal with any of the
preservatives used in the present experiments.
Schmekel found that rumen digestion, and
consequently VFA production, differed with
the preservatives used in the preparation of the
silage, but varied more greatly with the amounts
of feed consumed.

Silage intake and water consumption

The intake of the silages was measured in
Exp. II during the ten first days of the prelimi-
nary periods with animals receiving silage alone.
The average daily consumption of silage dry
matter was 1 073 g per animal. The intake did
not differ (P > 0.05) between the silages, but
varied with the animals (Table 20). It also varied
from day to day.

Many experiments have been performed on
the effect of the ensiling method on the intake
of silage by ruminants (WaTson and Nasy 1960)

Table 20. Voluntary intake of silage, DM g/day.

Viher

Sheep AIV I Formicacid  gution Average
Eero 946 1128 1108 1 0612b
Juhani 1 007 1182 — 1 095ab
Aapo 1204 1429 — 13172
Simeon 1 454 1023 1232 1 2362
Tuomas 1187 884 1245 1 1052b
Timo 532 730 865 709b
Lauri 1 087 1179 919 1 062ab
Topias 1111 1482 1012 1 202ab
Tivari 997 978 952 976ab
Average 1058 1113 1048 1073

Meaning of index letters same as in Table 1.



and the results have been variable. In some cases
silage preservative did not have any important
effect (OsLaGge and Osvace 1958); in some
cases it had (McCARrRick et al. 1965, SCcHMEKEL
1967 b). Besides the raw material used, factors
with a more pronounced effect on silage con-
sumption are the dry matter content and the
acids and other fermentation products in silage.
A high dry matter content has been shown to
increase the consumption of silage (McCut-
LouGH 1961, THoMas et al. 1961), whereas far
advanced fermentation, in respect of both the
nitrogen fraction and the carbohydrates, gener-
ally decreases it (MoOORE et al. 1960, THOMAS
et al. 1961, Gorpon et al. 1964, Saue 1968).
The degree of fermentation depends closely on
the success of ensiling.

No differences were found in the consumption
of drinking water between the different silages
used in Exp. II, but the least squares variance
analysis revealed significant differences between
the animals (P << 0.001), periods (P < 0.05) and
(P < 0.01). Some
differences in average water consumption were

carbohydrate supplements

‘also found between the different carbohydrate
diets (Table 21). Consumption was greatest

Table 21. Daily average water consumption on different
diets in Exp. II, g/animal.

Diets Drinking water Total

09, carbohydrate .... 184b 4 256
159 sucrose .......... 194ab 3614
309 »  aeeeea... 529a 3298
159, starch .......... 1420 . 3595
309 » ... 65b 2 900
1595 cellulose ........ 335ab 3774
30 9% o e 218ab 3025

Meaning of index letters same as in Table 1.

with diets containing sucrose and cellulose sup-
plements and smallest with starch supplements.

The results of the present investigations con-
tradict those of AxeLssoN and KiviMAE (1955),
and ScuMEkEL (1967 b), who found that water
consumption is influericed by the ensiling pre-
servative. However, there are large individual
variations in their data, as in the present results.
The preservatives used in their experiments were
of both organic and inorganic origin.

Composition of blood of sheep on different silage and carbohydrate feeds

The results concerning the blood haematol-
ogical criteria, glucose, urea and ammonia in
sheep on different carbohydrate diets (Table 22)
are the averages of 51 samples with the 0 9,
carbohydrate diet and of 17 samples with each of
the other diets. As calculated for the different
silages (Table 23), they are the averages of 17

samples with the diets consisting only of silage
and of 51 samples with the diets also containing
carbohydrate supplements. For the inorganic
constituents of plasma (Table 24), the results are
the averages of 18 samples, because they were
determined only in periods 4—6.

Before examining the effect of différent diets

Table 22. Haematological criteria and bfood glucose, urea and ammonia concen-
trations of sheep on different carbohydrate diets in Exp. II.

. . Hb Glucose Urea-N . NH;-N
Diets Haematocrit /100 ml mg/100 ml  mg/I00 ml  mg/100 ml
09, carbohydrate 350 15.0 T 495 9.92 0.15
159, sucrose ........ 35b 14.7 49.6 8.3 0.13
309 » ...l 363b 14.9 49.9 7.gbc 0.14
159, starch ........ 37a 15.7 47.4 9.0 0.15
309 » il 372 15.6 48.¢ 7.¢bc’ 0.16
159, cellulose ...... 36ab 15.3 . 47.3 8.3P 0.15
309 » ... 35ab 15.1 45.7 6.4 0.14
SE of means: 0 9, diet 0.27 0.14 0.79 0.23 0.01
other diets 0.47 0.24 0.40 0.01

Meaning of index letters

1.37

same as in Table 1.
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Table 23. Haematological criteria and blood glucose, urea and ammonia concen-
trations of sheep on different silage diets.

Diets

. Hb
Haematocrit /100 ml

Glucose Urea-N NH,;-N
mg/100 ml mg/100 ml mg/100 ml

At 09, carbohydrate levels

AIVI ... o, 35ab
Formic acid .......... 36ad
Viher solution ........ 34be
SE of means .......... 0.40
At all carbohydrate levels
AIVI (... ..ot 36
Formic acid .......... 36
Viher solution ........ 36
SE of means .......... 0.29

15.3 48.7 9.2 0.15
151 49.3 10.0 0.15
14.6 50.0 10.4 0.16

0.20 IR 0.38 0.01
15.2 48.5 8.oPd 0.14
15.2 49.7 8.43P 0.15
15.1 47.3 9.13d 0.15

0.14 0.79 0.28 0.01

Meaning of index letters same as in Table I.

on the should be
mentioned that the differences were more
significant between the animals and periods
than between the different carbohydrates and
especially between the different silages (Table
25). Also the interaction carbohydrate X silage
was not very significant. Statistically significant
differences between the different carbohydrate
diets (Table 22) and between the different
silages (Table 23) were found only in the case of
haematocrit and the urea content. Haematocrit
is higher (P < 0.05) with starch diets than with
0 9%, carbohydrate and 15 9, sucrose diets, and
it is also higher (P < 0.01) with formic acid
than with Viher solution silage. The blood urea
follows the rumen ammonia concentration (Ta-
ble 13), as regards the different carbohydrate
diets, being lower with diets containing carbo-
hydrate supplements than with a diet of silage
alone (see p. 235). At all the 30 %, carbohydrate

blood composition, it

levels the urea content is significantly lower (P <
0.01) than that of 0 9%, carbohydrate diet, whereas
at the 15 9, levels it is lower (P < 0.05) only in
the sucrose and cellulose diets. The situation is -
not so clear as regards the different silages. The
blood urea content is highest with Viher solu-
tion silage, lower with formic acid and lowest
with AIV I silage, the differences being signifi-
cant (P < 0.05) between Viher solution and
AIV I silage, in diets also containing carbo-
hydrate supplements. In contrast, the rumen
ammonia content was lowest with Viher solu-
tion silage.

The blood glucose concentration showed no
significant differences between the different
diets, although the starch and cellulose supple-
ments tended to give lower values than the
sucrose supplement. The differences in the in-
organic constituents of blood plasma with differ-
ent silage diets were also rather small, being

Table 24. Inorganic constituents of blood plasma of sheep on different silage diets
in Exp. II, mg/100 ml.

Diets Ca Mg K Na P Zn Cu Fe

At 0 9%, carbohydrate

levels

All silages ........ 11.2 2.4 27.1 352.4 5.8 0.08 0.06 0.15
At all carbohydrate -

levels

AIVI .......... 11.é 2.724  20.5 355.2 6.324 Q.09 0.0524 Q.16

Formic acid ...... 11.s  2.53b  27.6 347.4 4.8Pd Q.09 0.06Pd 0O.15

Viher solution . ... 1l.e  2.4bd  26.0 352.s 5.6 0.09 0.063? 0.13

SE of means ...... 0.8 Q.07 4.43 4.1 0.2z 0O.009 0.003 0.009

Meaning of index letters some as in Table 1.
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Table 25. F-values of least variance analysis for haematological criteria and blood
glucose, urea and ammonia concentrations of sheep in Exp. II. The numbers of
degrees of freedom are indicated in parentheses.

Carbo-
Animals Periods hc):rad;l;?e-s Silages hydi'ate
F (8 44) F (8 44 F (2, 44 X silage
( ) ( ) ®, 44) ( ) ¥ (12, 49)
Heamatocrit  ...... 14.30% %% 3.68%* 3.31* 0.09 2.43%
Hb, g/100 mi ...... 8.ogt ¥ ¥ 6.00%** 2.64% 0.10 2.20%*
Glucose, ml/100 ml S.gp%¥*  § go¥kE 1.60 3.19 l.os
Urea-N » H.ea¥dE ] grkEE  ]5 gp¥EE 5.88%* l.23
NH;-N » 3,39 Q.7gk¥ .19 l.86 0.86
**FP < 0.001
#*¥P < 0.01
*P < O.05

statistically significant (P < 0.05) only in the
case of Mg, P and Cu.

The ammonia absorbed from the digestive
tract of the animal is converted to urea in the
liver (McDon~aLp 1948) and gives a certain
blood urea level. In many experiments the blood
urea concentration has been found to correlate
with the rumen ammonia concentration and is
used as a measure of ammonia loss from the
rumen and thus also as a measure of feed protein
utilization (Lewis 1957, Tacar: et al. 1964,
ABou Axkapa and Osman 1967, Ciszuk 1972).
It must, however, be borne in mind that some
ammonia absorption takes place in other parts of
the digestive tract than the rumen (McDoNaLD
1948), and thus this correlation is not always
very clear. Although the daily variations in
blood urea concentration are generally not as
great as in rumen ammonia concentration
(Lewis 1957, Ciszux 1972),.similar factors in-
fluence their concentrations, e.g. protein intake
and quality, and the:presence of readily avail-
able carbohydrates given as a supplement to the
diet (McDonaLp 1952, Annison et al. 1954,
AnnisoN 1956, LEwis 1957, PresToN et al. 1965,
Asou Akxkapa and Osman 1967, Ciszuk 1972).

The results of the present investigations agree
with those of earlier ones. The lower blood urea
concentration with different carbohydrate diets

is primarily due to the.different protein intake,
although the carbohydrate supplement itself can
have a decreasing effect. The lower rumen am-
monia concentration and higher blood urea
concentration with Viher solution than with
other silages can be attributed to differences in
the solubility of the protein of the silages. Being
less soluble, the protein of Viher solution silage
is also degraded less in the rumen, as is shown
by the lower rumen ammonia content (Table
18). But its degradation probably continues to a
greater extent in the lower parts of the digestive
tract than that of the AIV I and formic acid
silages, and the ammonia released and absorbed
there gives a higher blood urea concentration in
the animals fed with this silage. This protein
degradation of Viher solution silage in the abo-
masum or in the intestine is not, however, suf-
ficiently great to compensate for its lower
degradation in the rumen, as the digestibility
coefficients show (Table 17).

Although there are some differences between
the different diets in the concentration of the
blood constituents determined, about all the
values fall within the normal ranges (RAUEN
1964, pp. 341 —362). They also show that, as
far as they are concerned, the nutritional status
of the animals was good on these silage and
carbohydrate feeds.
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GENERAL CONSIDERATIONS

The investigations reported in this paper
concern the effect of sucrose, starch and cellulose
supplements at varied levels on the utilization by
ruminants of grass silage prepared with different
preservatives. Special attention was given to the
utilization of crude protein.

The sheep was chosen as the experimental
animal, because its smaller size made it more
suited than the cow for the present experimental
conditions. An added advantage of using sheep
was that information was also obtained on their
feeding and nutrition with silage-based diets.
Experiments of this kind have not previously
been performed in Finland and only rarely in
other countries. However, the results of these
investigations which primarily concern nutri-
tional physiology, may also be applied to other
ruminants.

The investigations consisted of two main ex-
periments, in which the Latin square design was
applied. In Exp. I a 7 X 7 Latin square and in
Exp. II9small (3 % 3) Latin squares were used.
The experiments comprised mainly digestibility
and balance trials based on the quantitative col-
lection method, analyses of rumen content and
blood investigations. They were all performed
on the same permanently rumen-fistulated adult
rams. The collection of the different samples and
the determinations were not found to interfere
with each other in any case or to disturb the
welfare of the animals. Haves et al. (1964) has
also shown that the fistulation technique does
not affect the total digestion of the animal. A
dorsally located fistula does not greatly weaken
the rumen wall and has only a very slight in-
fluence on absorption (ScHMEKEL 1967 a). Dif-
ferences have been found in the composition of
the rumen fluid at different levels in the rumen
(Hocan 1964, Davey 1965, Lampira 1955,
1965, LampiLa and PoutiamNen 1966), but the
sampling technique adopted here may be as-
sumed to have minimized the errors caused by
such differences.

The rumen samples were taken three times
daily: in the morning before feeding and 2.5 hr
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and 5.5 hr after the beginning of feeding. Even
with so few sampling times, it is possible to
obtain a rather representative picture of the
fermentation processes in the rumen. Experi-
ments where the rumen samples were analysed
at regular intervals during the day have shown
that in animals on grass silage feeds the pH,
ammonia and VFA concentration in the rumen
fluid have their extreme values when 1 —3 hours
have elapsed after feeding (LampiLa 1960,
Huncate 1966, ScamekeL 1967 a, 1967 ¢, Saue
1968).

The carbohydrate supplements substituted in
these experiments for 15 9, and 30 9, of the dry
matter of the daily rations, represent on the
average 2—3 g and 5 g per kg live weight.
Rather high supplements were chosen in order
that their effect on the utilization of silage could
be clearly seen. It has been shown that sugar
supplements given to sheep and cattle at the
rates of 2—3 g and 3—35 g, respectively, per kg
live weight per day increased the utilization of
hay and concentrate feeds by stimulating the
action of the rumen microbes, whereas given at
higher rates they had the opposite effect (Krju-
kov 1965, KuriLov 1965, 1972). However, the
situaton may be different in the case of silage
owing to the fact that during ensiling the sugars
and fructosans disappear completely, or nearly
so. These changes, due primarily to fermenta-
tion, affect not only the carbohydrate fraction,
but also the nitrogenous substances of grass. The
extent of their degradation and thus also their
solubility, depending primarily on the ensiling
method used, may differ in different silages.
Consequently, in this study special attention was
paid to the comparison of the effects of the
carbohydrate supplements, with their different
rates of degradation in the rumen.

Even at the 15 9 levels, the sucrose and starch
supplements proved to be too large, if their
effect on the utilization of silage is judged only
from its digestibility coefficients. These supple-
ments generally decreased the digestibility
values, by roughly similar amounts. This effect



increased with a rise in their level. The situation
was not the same in the case of cellulose, which
did not decrease the digestibility of silage
components, while also failing to increase it to
any great extent.

The digestion in the rumen, as reflected by
the VFA concentration of the rumen fluid,
was also found to differ with the carbohydrate
diets, but not very significantly. The sucrose
supplements generally decreased the concen-
tration of total VFA, the effect of the starch
supplements was almost nil, and the cellulose
supplements increased it. The VFA concen-
trations and especially the relative amounts of
different acids in the mixture varied widely with
the sampling time. The sucrose supplements
decreased the proportions of acetic and iso-
valeric acids, but increased those of propionic,
butyric and valeric acids in the total VFA mix-
ture, when compared with diets consisting
entirely of silage. The effects of the starch and
cellulose supplements were rather slight, espe-
cially that of the starch supplements, although
the cellulose supplements tended to increase the
proportion of acetic acid in some cases.

The composition of the VFA mixture can
influence its energy content, because the various
fatty acids have different molar caloric values,
which increase with the number of carbon
atoms in the molecule (WeasT 1968—69, pp. D
184—189). Consequently, if the production of
acetic acid increases in the fermentation in the
rumen, as with cellulose supplements, the molar
caloric value of the VFA mixture decreases.
With sucrose supplements, the production of
butyric acid increases, and the value also tends
to increase.

The composition of milk also depends on the
rumen fatty acid composition. The butterfat
content of milk has been shown to increase with
a high level of acetic acid and/or a low level of
propionic acid (BLAXTER 1962, van SoesT 1963).
The sucrose diets of the present experiments
could thus decrease, and the cellulose diets in-
crease, the fat content of milk, if used for dairy
cattle.

The pH values of the rumen fluid of sheep lay

between 6.1 and 6.9 on all the diets and can be
kept optimal for normal feeding (AnnisoN and
Lewrs 1962).

Many criteria were used in the present study
to assess the utilization of the nitrogenous
substances of silage:

— digestibility of crude protein

— N balance

— biological value of protein

— rumen fluid ammonia concentration

— blood urea and ammonia concentrations.

As regards the effect of different carbohy-
drate supplements, it should be remembered that
the utilization of crude protein is closely depend-
ent on its content in the ration, as has been
shown by earlier investigations (Boas FIxen
1935, Braxter and Woop 1951, CHALMERS
1961, SceMEREL 1967a, Ciszuk 1972). Thus in
the present experiments at least the biological
value of protein could be expected to increase
and the ammonia concentration of the rumen
fluid and the urea concentration of the blood to
decrease, when the carbohydrate levels in-
creased, because this involved a decrease in the
crude protein content of the daily rations.
Consequently, attention was concentrated on
the effect of the different carbohydrate supple-
ments at the same levels, since the crude protein
content of the ration was then the same.

All the carbohydrate supplements depressed
the digestibility of the crude protein of silage,
the depression increasing with the carbohydrate
level. A comparison of the different carbo-
hydrate diets, generally showed that the digest-
ibility coefficients of crude protein decreased in
the following order: from cellulose to starch to
sucrose, although the differences between them
were small. It should be noted that the digest-
ibility percentages used show only the apparent
digestibility, but not the true digestibility of the
feed. The latter would be more useful, especially
in the case of crude protein (PALoHEmMO et al.
1968, SyrjALA 1967, 1971 a, 1971 b). It has been
shown (Hamirton 1942, FonTENOT et al. 1955,
SyrjALA 1971a) that soluble carbohydrates
increase the metabolic nitrogen substances of
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faeces. From this it follows that the apparent
digestibility values will be too low, especially
when the ration contains sugar or other soluble
carbohydrate supplements.

The N balance and the biological value of
protein were somewhat higher with the sucrose
than with the corresponding starch and cellulose
diets. The observation that the sucrose supple-
ments had the most beneficial effect on the
utilization of the nitrogenous compounds in
silage was also supported by the finding that the
ammonia concentration of the rumen fluid was
clearly lower with the diets containing sucrose
supplements than with the starch or cellulose
supplements. This was apparent at both the
15 9, and 30 9, levels. In contrast, no remark-
able differences were found between the differ-
ent carbohydrates in the blood urea and am-
monia concentrations.

The differences between the effects of the
sucrose, starch and cellulose supplements en the
digestibility and on' the utilization of the nitrog-
enous components of silage appeared in this
study to depend closely on the rates at which
these carbohydrates are degraded in the rumen.
Sucrose is degraded most rapidly, starch more
slowly and cellulose ‘most slowly (PuiLripson
1942, Prirreson and McAnarLy 1942).

‘The present results point to the conclusion
that even such large carbohydrate supplements
can suitably be used in grass silage feeding.
Although they tend to decrease the digestibility
of silage, they increase the utilization of its
nitrogenous components. The effect of sucrose
has been shown to be more beneficial in this
respect than that of starch and cellulose. Higher
levels than 30 9, can hardly be considered with
silage feeding. How levels below 15 9%, affect the
utilization of silage needs more investigation.

In the investigation of the effect of different
preservatives on the utilization of grass silage,
attention was concentrated on the preservatives
now in common use in Finland: AIV I, formic
acid and Viher solution. Silage preserved with
AIV 11, also common in Finland, was used as
well, but ir-another year-(Exp. I) than the
silages prepared with those three preservatives
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and is accordingly not included with them in the
comparison. It has also been shown (PouTIalNEN
and Huma 1970) that AIV II gives results
similar to those of formic acid when used as an
ensiling preservative.

The silages in the comparison were prepared
from the same raw material and ensiled in
vacuum stacks surrounded with black polythene
plastic film, each containing about 4 000 kg.
The quality of the silages was rather good and
fairly uniform. The crude protein fraction was
present in a less soluble form in Viher solution
silage than in AIV I and formic acid silage.
The total ensiling losses were lower in the formic
acid silage than in the others.

The intake and digestibility values of the
different silages did not differ considerably. Only
the digestibility of crude protein in the Viher
solution silage was significantly lower than that
in the other silages. The other values reflecting
the utilization of the nitrogenous components
also tended to be inferior in this silage, the
rumen fluid ammonia concentration’ forming
the exception and being lower with the Viher
solution silage diets than with the other silages.
The differences in N utilization between the
different silages has been demonstrated to
depend primarily on the formaldehyde of the
Viher solution, which has a protein-protecting
effect (FERGUsON et al. 1967, Rews and Tunks
1969).

Some differences were found between differ-
ent silage diets in the total VFA content of the
rumen fluid. It was highest with formic acid
silage, lower with Viher solution and lowest
with AIV I silage. The relative proportions of
the individual acids in the mixture differed only
slightly. The effect of the differerit carbohydrate
supplements also varied little with the silages.

On the whole the results of the comparison of
the preservatives used showed such slight differ-
ences that it is difficult to say which of them has
the most beneficial effect on the utilization of
grass silage by ruminants.

The quality and the nutritive value of silage
depends not only on careful ensiling but also on
the raw material used. For this reason, in future



investigationis it might be advisable to concen-
trate on the raw material of silage, for instance
its botanical composition and its stage of growth
at harvesting. These may also influence the

effect that sucrose, starch and cellulose sup-
plements have on the utilization of grass silage
by ruminants.
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Appendix 1. Chemical composition of the grassés and silages during the experimental periods.

Exp. Added pre- Grass or Period Dry % of dry matter

servative  silage matter Ash Organic Crude True Crude N-free Crude Crude
matter protein protein fat extract fibre carbo-
. hydrates
I AIVII grass - 17.94 9.56 90.44 23.19 15.61 3.69 42.92  20.64 63.56
silage 1 23,86 8.20 91,79 .21.21 7.98 7.44 37.81  25.30 63.12
o2 23.62 8.19 91.80 21.48 8.09 7.49 37.43  25.48 62.91
3 23.89 8.59 91.40 21.64 7.67 7.32 37.36 25.06 62,43
4 23.65 8.16 91.83 21.93 7.78 7.31 37.56 25.02 62,58
5 23.55 7.92 92.07 22.99 8.33 7.05 37.56 24,46 62.02
6 23.57 8.08 91,91 23.34 8.33 7.33 36.01 25,22 61.23
7 23.57 8.33 91.66 23.00 8.08 7.18 37.02 24.45 61,47
II AIV 1 grass - 16.60 11.36 88.63 17.41 13.69 4.56 40.76  25.90 66. GG
silage 1 18.56  10.67 89.32 18,05 12,93 5,52 39.41 26.33 65.74
2 18.30 10.70 89.29 18.11 12,33 5.061 39.14 26.42 65.56
3 18.68 10.28 89.71 18.42 11.83 5.99 38.20 27.09 65.29
4 18.57 10.76 89.23 18.36  12.67 5.23 38.06 27.56 65.63
5 18.61 10.96 89.23 18,75 12.22 5.81 37.42 27.23 64.66
6 18.96 10.15 89.84 17.98 12.12 5.62 38.48 27.15 66.24
7 17.93 10.62 89.37 18.17 12,55 5.28 39.51 26, 40 65. 91
8 17.97 10.22 89.77 18.58 13.10 5.064 38.14 27.39 65.53
9 18.58 10.98 89.01 18.37 13.53 5.39 37.39 27.85 65.24
Formic grass - 17.98 10.01 89.99 16.51 12.67 4.26 44,62 24.60 69.22
acid silage 1 18.97 10.26 89.73 18.31 13.27 5.33 40.07 26.00 66.07
2 19.26 10.07 89. 92 17.78 12.05 5.47 40.49 26.16 66.65
- 3 18.87 9.93 90.06 17.96 12.16 5.63 39.97 26.50 66.47
4 19.05 10.15 89.84 18.33 12.89 5.22 40.29 25.98 66.27
5 18.79 10.33 89.66 18.14 12.62 5.38 39.99 26.13 66.13
6 18.50 9.96 90.03 18.06 12.01 5.63 39.84 26.49 66.33
7 18.76 10.24 89.75 18.40 13.09 5.37 39.43 26.53 65. 97
8 18.96 10.20 89.79 18.37 13.47 5,17 39.45 26.78 66.23
9 19.41 9.73 90.26 18,02 13.33 5.19 39.68 27.36 67.05
Viher grass - 17.15 11.12 88.89 17,80 13.98 4.24 44,39 22,46 66.85
solution silage 1 18.27 10.83 89.16  19.38 15.44 4.71 38.94 26.11 65.06
2 18.35 10.54 89.45 19.50 14.65 5.11 39.03 25.80 64.83
3 18.16 10.76 89.23 19.25 14.62 5.41 38.51 26.04 64.56
4 18.13 10.35 89.64 20.29 15.68 4.93 37.94 26.46 64.41
5 18.27 10.17 89.82 19.97 14.56 5.29 38.76  25.79 64.55
6 18.46 10.52 89.47 19.67 14.89 5.38 38.60 25.80 64.41
7 18.17 10.44 89.55 18.56 13.87 5.15 40.34 25.48 65.83
8 18.23 10.90 89.09 20.42 16.01 5.09 36.15 27.41 63.56
9 18.58 11.60 88.39 19.81 15.39 5.08 36.36  27.13 63.50
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% of Total N
NH3-N Soluble
N
6.2 75.6
79.0

5.3
7.2

0.63
0.68
0.70

N
0.03

0.04
0.05

0.34
0.35
0.41

1.52
1.69

Lactic Sugarsas NHg-N Total
1.35

acid glucose

ic Valeric
acid

Butyr
acid

% of fresh silage (20 % dry matter)

Acetic Propionic
acid
0.43

acid

4.09

preservative

Added
AIV II
Alv I

Data used as criteria of the quality of the silages in different periods.
AIV II

sampling

30/12 1969
05/05 1970
01/06 1970

Time of

Appendix 2.
Experi-
ment

w

0. 60
0.60
0.867
0.59
0.58
0.67

0.03
0.03
0.02
0.03

0.28
1.55
0.18
0.15
0.42
0.52

11
1.40
1.35
1.40
1.64
1.25
1.26
1.34
0.76
1.60
0.96
1.41
1.53
1.76
1.39

23/11 1970 AIV I

T

26,7
32.7
31.2
30.7
31.2
32.3
26.0
36.6
34.0
27.4
38.3
32.9
29.6
37.1
31.7
34.4
29.9
36.2
33.5
30.3
32.6
27.5
24.3

5.1
3.1
5.5
5.4
3.2
5.7
3.6
3.2
4.0
3.6
3.4
3.7
3.2
3.6
3.6
5.0
5.6
3.3
5.7
7.5
8.3
6.9
5.2
5.2

0.59
0.60
0.66
0.53
0.58
0.63
0.59
0.57
0.66
0.58
0.61
0.64
0.59
0.64
0.59
0.58
0.57
0.65
0.60
0.59
0.65

0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.03
0.03
0.02
0.03
0.04
0.02
0.05
0.04
0.03
0.03

0.70
0.63
0.19
0.42
0.33
0.01
0.47
0.30
0.12
0.58
0.15
0.45
0.18
0.13
0.60
0.17
0.18
0.35
0.13

1.55
1.66
1.34
1.22
0.65
1.17
1,19
0.52

0.01
0.01
0.01

0.01

0.04
0.06
0.04
0.04
0.04
0.03
0.02
0.04
0.04
0.04
0.03

0.57
0.30
0.34
0.91
0.27
0.34
0.85
0.28
0. 45
0.72
0.48
0. 44
0.31
0. 61
0.70
0.34
0.74
0.92
0.95
0.88
0.40
0. 95

60
4.38
4.32
4.58
4.58
4.25
4.80
4.51
4.37
4.72
4,49
4.59

12

4,82
4.38

4.

4.70
4.38
4.35
4.80
4.70
5.30
4.68
4.50
5.

d
Viher solution

AIV I

IC acl

ic aci
Viher solution
Viher solution

Viher solution
AIV I

Viher solution
AIV I

Viher solution
AIV I

AIV I

Viher solution

Viher solution
AIV I

Viher solution
AIV I

Formic aci
ALV 1
Formic acid
Formic acid
Formic acid
Formic acid
Formic acid
Formic acid

Form

Form

14/12 1970
04/01 1971
22/01 1971
10/02 1971
05/03 1971
26/03 1971
19/04 1971
11/05 1971




acid and Viher solution silages in different

rmic

Digestibility, N balance and feeding values of AIV I, fo

carbohydrate diets in Exp. II.
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30 %
67.2
70.6
68.3
72.4
73.5
71.0
71.8
70.1
75.0
72.6
82.7
78.1
76.4
75.4
76.2
74.1
0.80
7.51
7.1
7.6
1,36
1.34
1.40
156.6
162.7
11.5
11.7

%
7.43
6.97
7.88
1.35
1.31
1.44

Cellulose
15
69.3
72.5
66.2
73.4
75.3
68.8
70.0
72.9
71.5
68.8
72.0
76.0
72.2
78.8
78.5
69.0
74.9
77.0
70.9

1.39
47.8
46.3

169.1
166.5
172.4
12.5
12,7
12.0

2.63
2.02
2.33
44.6
7.27
6.85
7.56
1.32
1.28
1.38

0%
71.0
73.7
69.3
75.0
76.5
71.7
72.1
73.9
67.7
73.
71.
69.2
74.2
76.9
75.0
78.2
78.7
70.4
75.9
77.6
73.1
40.9
42,3

174.8
173.0
181.3
13.3
13.4
13.1

30 %
66.9
62.5
62.5
69.4
66.2
67.3
61.5
57.3
57. 6
73.4
69.0
65. 6
65.3
74.5
72.2
76.0
71.3
68.2
69.8
1.60
2.31
61.3
50,2
51.3
7.61
7.81
8.05
1.42
1.49
1.48
160.9
152,9
166.5
11.3
10.3
1.3

Starch
15 %
G8.7
68.7
65.9
71.2
71.8
70.2
66.9
64.0
73.0
70.7
72.1
70.2
74.6
75.0
73.8
72.8
73.3
71.8

2.68
49.7
49.3
42,4

7.43

7.19

7.73

1.39

1.37

1.42

170.7

165.5

177.9
12,3
12.1
12.6

73.7
6.90
7.25
1.34
1.31
1.32

0%
3.05
2,32
1.32
176.2
170.1
184.3

71.1
71.9
74.9
74.8
71.5
71.8
70.6
72.2
72.4
72.0
73.6
76.2
4.2
75.7
75.7
78.8
74.5
76.0
76.2
44.7
44.7
37.6
13.1
12.9
13.9

30%
63.1
62.9
62.7
66. 4
66.0
65.6
55.6
58.3
55.5
72.3
71.8
69.5
67.2
70.9
69.8
68.9
67.8
68.2
1.45
5.52
2,03
56.0
63.3
55,9
7.85
7,83
8.23
1.45
1.49
1.50
146.7
158.5
166.8
10.1
10.7
11.1

Sucrose
15 %
66.9
66.7
66.9
70.3
70.6
69.7
63.2
62.2
75.0
2.2
70.8
72.6
72.3
75.2
70.9
72.1
2.03
3.30
2,13
51.1
56.2
48.17
7.60
7.31
1.41
1.39
1.42

161.8

158,1

175.1
11.5
11.4
12.4

0%
1.66
44,7
7.22
7.42
1.33
1.33
1.35

70.7
70.5
69.7
73.9 .
74.1
72.7
7.7
71.6
74.0
73.5
74,8
76.2
75.3
74.7
74.8
74.2
47.9
39.4
174.4
173.8
185.2
13.0
13.1
13.6

id
acid
Viher solution

AIV I

acid

ormic ac

orniic

Viher solution
'ormic

AIV I
Viher solution

AIV I
Viher solution
Viher solution

AIV I

Viher solution

Viher solution
AV I

Viher solution
AIV I
AV I

Viher solution
¥

Viher solution
N balance, g/day AIV I

Viher Solution
AIV 1

AIV I

Viher solution

AIV 1
‘Viher solution
AIV I

I
Formic acid

Formic acid
Formic acid
Formic acid
Formic acid

Tormic acid
Formic acid

Formic acid
Formic acid
Formic acid

Silage
AIV I
by

Digestibility, %
Dry Matter
Organic matter
Grude protein
Crude fat
N-free extract
Crude fibre
Crude carbo-
hydrates
Biological value
kg/f.u.

DM kg/f.u.
DCP, g/f.u.
DCP % in DM
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SELOSTUS

Rehuannokseen lisityn sokerin, tirkkelyksen ja selluloosan vaikutuksesta
nurmisiiléorehujen hyviksikiyttoon mirehtijoilla’

Lisa SyrjALA

Maatalouden tutkimuskeskus, Kotieldinhoidon tutkimuslaitos Tikkurila

Sailénnén aikana rehussa tapahtuu kdymists, joka koh-
distuu 13hinnd sen hiilihydraatteihin ja typellisiin yhdistei-
siin. Seurauksena on mm., ettid tuoreen ruchon sokerit ja
muut helppoliukoiset hiilihydraatit hdvidvit siiléntdimene-
telmistd riippuen joko kokonaan tai lihes kokonaan ja
typellisten aineiden hajoamisaste ja liukoisuus kasvavat.
Koska mirehtijdin potsissid hajoitusta ja syntetisointia suo-
rittavat mikrobit vaativat tehokasta toimintaansa varten
energian ldhteeksi helppoliukoisia hiilihydraatteja, on tul-
lut yhi ajankohtaisemmaksi ottaa sdilirehuruokinnan
suunnittelussa huomioon, ettd mirehtijat saavat tdllin
tarpeellisen middrian niitd hiilihydraatteja. Helppoliu-
koisten hiilihydraattien vaikutusta sdilérehun hyviksi-
kdyttoon ei kuitenkaan ole vield tutkittu. Téstd johtuen
taman tutkimuksen tarkoituksena on ollut selvittdi eri-
laisten sokeri-, tdrkkelys- ja selluloosalisdysten vaikutusta
eri siiléntdaineilla valmistettujen nurmisdilérehujen hy-
viksikdyttéon mirehtijoilla. TEll6in on erityistd huomiota
kiinnitetty sdilérehun typellisten aineiden hyviksikdyt-
t66n.

Tutkimus on suoritettu vuosina 1970—1972 Maatalou-
den tutkimuskeskuksen Kotieldinhoidon tutkimuslaitok-
sessa Tikkurilassa. Se kisittad kaksi koetta, jotka jarjestet-
tiin latinalaisten nelididen mukaan. Kokeessa I kdytettiin
7 x 7 nelidtd (kuva 1, nelidissd olevat kirjaimet ovat koe-
eldinten nimijen lyhennyksid) ja kokeessa II 9 kpl 3 X 3
neli6td, jotka oli edelleen jirjestetty sekd siilorehujen etta
hiilithydraattien mukaan 3 X 3 nelicksi (kuva 2). Jokainen
koejakso kisitti 14 vuorokauden valmistuskauden ja 7 vuo-
rokauden varsinaisen koekauden. Koe-eldimini kaytettiin
tiysikasvuisia suomalaisia péssejd, joille tehtiin potsi-
fistelit,

Tutkimus sisidlsi keruumenetelmiin perustuvia sulavuus-
Jja typpitasekokeita, potsin sisdltdén kohdistuvia analyyseja
ja miaarityksia sekd veritutkimuksia. Myéskin seurattiin
veden kulutusta sekd kokeen II valmistuskaudella siilo-
rehujen vapaaehtoista syontid. Néytteet pétsistd otettiin
jokaisen koekauden kolmena viimeiseni piivinid kolme
kertaa:

1) ennen aamuruokintaa, klo 8.15

2) 2.5 tuntia ruokinnan aloittamisesta, klo 11.00

3) 5.5 tuntia ruokinnan aloittamisesta, klo 14.00
Jokaisesta nédytteestd mitattiin pH sekd midritettiin am-
moniakki ja haihtuvat rasvahapot (etikka-, propioni-, voi-,
isovaleriaana- ja valeriaanahappo). Verindytteistd, jotka
otettiin koe-eldinten kaulalaskimosta kokeessa II kaksi

kertaa kunkin koejakson aikana, mdiiritettiin hemato-
kriitti, hemoglobiini, glukoosi, urea ja ammoniakki seké
kivenniis- ja hivenaineet (Ca, Mg, K, Na, P, Zn, Mn,
Cu, Fe). .

Kokeissa kiytetty sokeri oli puhdasta sakkaroosia, tirk-
kelys perunan téarkkelystd (perunajauhoa) ja selluloosa
puusta saatua sulfiittiselluloosaa. Hiilihydraattilisdyksilld
korvattiin 15 9 ja 30 9, péivittidisen rehuannoksen kuiva-
aineesta, joka kokeessa I oli keskiméirin 947 g ja kokeessa
II 928 g. Hiilihydraattilisiykset olivat télléin 159,
tasoilla keskimadrin 2—3 g ja 30 9} tasoilla 5 g elopaino-
kiloa kohti. Niiden hiilihydraattien vaikutusta verrattiin
paitsi keskendin mydskin ruokintaan, joka sisilsi ainoas-
taan siilérehua.

Kokeessa I kidytetty sidilérehun raaka-aine oli nurmi-
natavaltaista (86 9,) nurmea, joka korjattiin ennen tihki-
misti. Kokeessa II se sisdlsi timoteita (42 9%,), puna-apilaa
(23 9,) sekd nurminataa (18 9) ja se korjattiin ennen
timotein tahkimistd. Siiléntiaineena oli kokeessa I ainoas-
taan AIV II, kun taas kokeessa II kaytettiin -AIV I:ti,
muurahaishappoa ja Viherliuosta. Kokeen I rehu siilét-
tiin puurakenteiseen torniin ja kokeessa IT kolmeen muo-
viseen tyhjéaumaan (pohjan pinta-ala 2 X 4 m?2), n. 4000
kg kuhunkin.

Kaikki tutkimuksessa kdytetyt sidilérehut olivat laadul-
taan moitteettomia. Kokeen II sdilérehuissa pH oli melko
korkea, ATV I rehussa keskiméirin 4.5s5, muurahaishappo-
rehussa 4.41 ja Viherliuosrehussa 4.s3. Voihaposta ei kui-
tenkaan 16ytynyt muuta kuin jilkid joissakin n#ytteissd.
Ammoniakkitypen prosenttinen osuus kokonaistypesti oli
kaikissa rehuissa alhainen ja pysyi koko kokeen ajan luku-
jen 3.1—8.3 vililld. Vertailun kohteina olevat AIV I-,
muurahaishappo- ja Viherliuossdilorehut eivit kemialli-
selta koostumukseltaan suuresti poikenneet toisistaan.
Raakaproteiinifraktio oli kuitenkin Viherliuosrehussa vi-
hiten liukoisessa muodossa. Kokonaissdiléntitappiot jaivit
muurahaishapolla sdilétyssd rehussa vihaisemmiksi kuin
AIV I:114 ja Viherliuoksella sailétyissd rehuissa.

Tutkittujen sdilorehujen eri komponenttien keskiniiset
sulavuudet olivat yleensi sekd sokeri- ettd tiarkkelyslisdyk-
sen sisdltidvissd dieeteissi jonkin verran alhaisempia ver-
rattuna pelkkddn sidilérehudieettiin. Niiden hiilihyd-
raattilisiysten sulavuuskertoimia alentava vaikutus oli
keskeniin samanlainen ja lisddntyi annostustason mukana,
kun taas eri selluloosalisdyksilla ei havaittu olevan sanot-
tavaa vaikutusta sdilérehun sulavuuteen. Kuvasta 3 nih-
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didn sdilorehun orgaanisen aineen, kuvasta 4 raakakui-
dun ja kuvasta 5 raakaproteiinin sulavuus (digestibility)
sokeri- (sucrose), tdrkkelys- (starch) ja selluloosa-
(cellulose) lisdysten (supplements) 0%, 159% ja 309,
tasoilla (levels).

Pétsissd tapahtuvassa rehun hajoamisessa, jota potsines-
teen haihtuvien rasvahappojen konsentraatio kuvaa,
esiintyi eroja eri hiilihydraattidieeteilld, joskaan erot eivit
aina olleet merkitsevid. Sokerilisiykset yleensd alensivat
nédiden rasvahappojen kokonaismaardd, tarkkelyslisdyk-
silld ei juuri ollut mitdéin vaikutusta, kun taas selluloosa-
lisiykset suurensivat siti. Kuvasta 9 nihdain potsinesteen
haihtuvien rasvahappojen (VFA) keskiméiraiset konsen-
traatiot (etikkahappo = acetic acid, propionihappo =
propionic acid, voihappo = butyric acid, isovaleriaana-
happo = isovaleric acid, valeriaanahappo = valeric acid).
Etikka- ja isovaleriaanahapon suhteellinen mooliosuus
haihtuvien rasvahappojen kokonaismiirastd laski ja
propioni-, voi- ja valeriaanahapon osuus nousi sokeridiee-
teilld verrattaessa pelkkéddn sidilorehudieettiin. Tarkkelys-
ja selluloosalisidysten vaikutus ei ollut niin selvi, joskin sel-
luloosalisayksilld etikkahapon osuus joissakin tapauksissa
nousi.

Potsinesteen pH pysyi kaikilla dieeteilld ja kaikkina
niytteenottoaikoina lukujen 6.1—6.9 vililli ja vastasi titen
yleensd normaaliruokinnalla saatuja arvoja.

Siailérehun typellisten aineiden hyviksikdytén tutkimi-
sessa kidytettiin seuraavia kriteerioita:

— raakaproteiinin sulavuus

— typpitase

— valkuaisen biologinen arvo

— pétsinesteen ammoniakkikonsentraatio

— veren urea- ja ammoniakkikonsentraatiot

Niayttdd siltd, ettd sokerilisdyksilld oli edullisempi vai-
kutus siilérehujen typellisten aineiden hyviksikdyttoon
kuin vastaavilla tirkkelys- ja selluloosalisdyksilla. ‘T4ta
osoittaa sokeridieeteilld saatu muita korkeampi, joskaan ei
aina tilastollisesti merkitsevisti korkeampi typpitase (kuva
6) ja valkuaisen biologinen arvo seki tilastollisesti selvisti
alhaisempi potsinesteen NHy-N konsentraatio (kuva 8).

Sokeri-, tirkkelys- ja selluloosalisdysten erilaisen vaiku-
tuksen sdiléorehun sulavuuteen sekid typellisten aineiden
hyviksikdyttoon on selitetty johtuvan ldhinné néiden hiili-
hydraattien erilaisesta hajoamisnopeudesta potsissa. Sokeri
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hajoaa nopeimmin, seuraavaksi nopeammin tirkkelys ja
hitaimmin selluloosa.

Verrattaessa eri sidilérehuja toisiinsa ilman hiilihyd-
raattilisdyksii ei AIV I:ll4, muurahaishapolla ja Viher-
liuoksella sdilottyjen rehujen syontimiirissi eikd eri
komponenttien sulavuudessa ollut tilastollisesti merkitsevid
eroja muussa kuin raakavalkuaisen sulavuudessa. Valmis-
tuskaudella mitattu vapaaehtoinen syontimiiri, g kuiva-
ainetta/eldin/pv, oli eri siilérehuilla seuraava: AIV I
rehulla 1058, muurahaishapporehulla 1113 ja Viher-
liuosrehulla 1 048. Viherliuosrehussa raakavalkuaisen sula-
vuus oli alhaisempi kuin AIV I- ja muurahaishappore-
hussa, prosenttilukujen ollessa vastaavassa jirjestyksessi
68.9, 71.7 ja 72.5. Orgaanisen aineen sulavuusprosentit
olivat 73.1, 74.2 ja 75.1 sekd raakakuidun 74.s, 76.2 ja 76.s.
Myéoskin typpitase jdi Viherlivosrehulla jonkin verran
alhaisemmaksi kuin AIV I- tai muurahaishapporehulla
ruokittaessa, silla vastaavat luvut olivat 1l.7s, 2.78 ja
2.63 gfeldin/pv. Potsinesteen keskiméiridinen ammoniakki-
pitoisuus oli Viherliuosrehudieetilld 26.3, AIV I -rehudiee-
tilld 26.s ja muurahaishapporehudieetilld 29.4 mg/100 ml
potsinestettd. Potsinesteen haihtuvien rasvahappojen koko-
naisméirit olivat my6s eri sdilorehudieeteilld erilaiset.
Suurin se oli muurahaishapporehudieetilld, keskimiérin
9.92 mmoolia/100 ml pédtsinestetts, sitten Viherlivos- ja
AIV I-rehudieeteilld, 9.62 ja 9.03 mmoolia/100 ml. Eri
rasvahappojen suhteelliset osuudet poikkesivat sen sijaan
vain vihin toisistaan erisiilorehudieeteilld. Typellisten ai-
neiden hyviksikdyttod kuvaavissa luvuissa esiintyvien ero-
jen on selitetty johtuvan 1dhinni Viherliuoksen siséltimas-
ta formaliinista, jolla on valkuaista kovettava vaikutus.

Verianalyysien antamat tulokset pysyivit yleensid nor-
maaliarvojen rajoissa. Koska eldinten terveydentilakin oli
kokeiden aikana hyvi, voidaan sanoa, etti kidytetyt sdilo-
rehu- ja hiilihydraattidieetit eivit aiheuttaneet eliimille
epidnormaalia ravitsemustilaa.

Edelld esitetyssd tutkimuksessa on siis todettu, ettd
sokeri-, tirkkelys- ja selluloosalisiyksilld on toisistaan poik-
keava vaikutus sdilérehun hyviksikdyttéon. Sen sijaan ei
ainakaan tdssd tutkimuksessa havaittu eroja eri sailoénta-
aineilla sdiléttyjen nurmirehujen hyviaksikdytdssa. Niin
ikddn on todettu, ettd eri hiilihydraattilisiykset vaikuttavat
lihes samalla tavalla eri siiléntiaineilla valmistettuja
rehuja kidytettdessi.
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— 7. Karelia Agr. Exp. Sta. (ANJALA) — 8. Hime Agr. Exp. Sta. (PALKANE) — 9. South
Savo Agr. Exp. Sta. (Karila, MIKKELI) — 10. North Savo Agr. Exp. Sta. (MAANINKA) —
11. Central Finland Agr. Exp. Sta. (VATIA) — 12, South Ostrobothnia Agr. Exp. Sta. (PELMA) —
13. Central Ostrobothnia Agr. Exp. Sta. (LAITALA) — 14. North Ostrobothnia Agr. Exp. Sta.
(RUUKKI) — 15. Arctic Circle Agr. Exp. Sta. (ROVANIEMI) — 16. Pasture Exp. Sta. (MOUHI-
JARVI) — 17. Pig Husbandry Exp. Sta. (HYVINKAA) — 18. Frost Research Sta. (PELSONSUO)






