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Abstract. In the trials two dairy cows were fed on 6 kg of timothy hay and 0,1, 2 and
4 kg of pure beet sugar. CrsOa was used as tracer. If the sugar addition to the diet was
I kg/cow/day, there was practically no effect on the digestibility of hay. When the sugar
was increased to 2 kg/cow/day, the digestibility of hay decreased 11.7 %-units. In the case
of the cell wall complex the corresponding decrease was 17 %-units. After having 4 kg
sugar/day both cows stopped eating completely. A 2 kg sugar addition depressed also the
mastication in the alimentary tract, whereas 1 kg of sugar had only a slight effect on it.
The dry matter of milk decreased by about 1 %-units when 1 kg sugar was given to the
cows the decrease being in the milk fat content. 2 kg of sugar produced no further effect.
The sugar additions to the diet did not affect the contents of milk protein, ash and lactose.

The digestibility of feeds in ruminants depends to a great extent on the activity of
the rumen micro-organisms. These microbes obtain energy mainly by digesting the
insoluble carbohydrates (cellulose, hemicellulose) of the diet. If, however, other more
easily fermentable nutrients, such as sugars, are available, they attack these instead.
The effect of sugar additions on the utilization of the diet is not well known and more
experiments are needed in this field.

Many experiments have been made using molasses as a supplemental energy source
in feeds for ruminants. Its effect on the digestibility of roughage has varied with the
amount of molasses and the composition of the diet (Williams 1925, Briggs 1937, Briggs
and Heller 1940 and 1943, Bray et al. 1945, Bohman et al. 1954, Komkris et al. 1965,
Martin, Jr. and Wing 1966). Pure sugar as a source of supplemental energy has been
used in only a few experiments. Glucose, added to rations containing varying percentages
ofprotein, has been found to decrease the digestibility of the more complex polysacharides,
cellulose and hemicellulose (Mitchell and Hamilton 1940), and also ofall the nutrients
of a basal ration (Hamilton 1942). Faecal N losses were greatest when starch and glucose
were included in the diets (Oltjen and Putman 1966) which explains why the addition
of sugar affected the apparent but not the true digestibility of protein (Hamilton 1942).
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However, Kurilov (1965) found that a ration containing 2—3 g sugar/kg live weight
for sheep and 3—5 g/kg live weight for cattle stimulated rumen fermentation and the
utilization of feed N. According to the investigations of Krjukov (1965), the addition
of 3 g sugar/kg live weight increased the fermentative process in the rumen of steers.

Studies on the effect of the sugar level of the ration on the lactation performance
have revealed an increase in milk production (Huffman and Duncan 1944) and a linear
increase in the solids-corrected milk yield with the addition of increasing amounts of
sucrose (Kellogg and Owen 1969). The effect of sugar on the fat, protein and lactose
content of milk has varied with the level of sugar in the ration and the composition of
the diet (Broster et al. 1964, Fisher and Elliot 1966, Kurilov el al. 1966, Kellogg

1969).
The purpose of this work is to study how different amounts of sugar in the diet affect

the digestibility of the feed and the efficiency of mastication. The word mastication in
this work indicates the mincing of food in the whole alimentary tract. Attention has
also been paid to the effect of sugar on the yield and composition of the milk. Timothy
hay was the only feed used, and the sugar was pure beet sucrose.

Experimental procedure

Two lactating Ayrshire cows were used in this experiment. The cows, Meno and
Mutina, were of the same age and size. Both cows were at the end of their lactation period.

During the experimental periods the cows received 6 kg of timothy hay as the basal
ration and different quantities of sucrose (Table 1). Each experimental period lasted
10 days, Cr203 was used as the indicator.

Table I. The diet of the cows in the different experimental periods.

Experimental Hay Sucrose Total sugars in
period kg/day addition kg/day ration kg/day 1

.. j

0 6 385
1 6 1.000 1.385

2 6 2.000 2.385
3 6 4.000 4.385

*) The sugar content of timothy hay was 7.6 % of the dry matter.

The cows were fed twice a day. Each time they were first allowed to eat some of their
3kg hay bundles and the 10g Cr 203 capsules were then pushed directly into their throats
so that they swallowed them whole. Later, when the sugar periods began, the cows first
received the sugar rations dissolved in water and were given the hay rations and Cr203

capsules immediately afterwards. Water was freely available.
Both cows were healthy during the experiment and ate their rations well. When the

level of sugar was 4000 g/day, both cows stopped eating sugar and their hay consumption
also diminished. The latter recovered in a few days, but the cows continued to refuse
the sugar. So the actual experiment came to an end after Period 2.
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The cows were weighed at the beginning of every experimental periods. There were
only small varitions in the weights during the experiment. The live weights of the cows
at the beginning of the experimental periods was as follows:

experimental live weights kg
period cow Meno cow Mutina

0 549 478
1 524 457

2 523 447
3 534 458

Results and discussion

Digestibility of hay. Several faeces samples of the last day of each experi-
mental period were collected and combined for use in the digestibility investigations.
The hay and faeces samples were dried at 50 °C in a vacuum oven and ground in the Wiley
mill using a 40-mesh (0.42 mm) screen. From these samples were determined dry matter,
ash, crude protein and 0.05 N acid fibre by the method ofPaloheimo (1945) with a small
modification. Water-soluble sugars and cell wall substances were determined according
to the method of Salo (1965), the determinations of the latter being obtained by taking
the sum of their chemical fractions. The cell wall complex was determined from the hay
sample by the method ofPaloheimo and Vainio (1965) and from the fresh faeces samples
by the unpublished method of Paloheimo and Syrjälä (See Pulliainen, Paloheimo
and Syrjälä 1968, p. 8). The cell wall complex is obtained from a certain crude fraction
(F-fraction) by extraction with 80 % (v/v) ethanol and by using ash and crude protein
corrections. The crude fibre of the hay was determined by the Weende method using
the modification of Puranen and Tomula (ref. Paloheimo 1969). The Cr 2Oa content of
the faeces was determined according to Paloheimo and Paloheimo (1935).

Tables 2, 3 and 4 show the results of the analysis, the digestibility percentages and
the values for digestible nutrients obtained for the different experimental periods.

In compiling the four columns in the right-hand part of Table 2, it was supposed
that the exogenous organic matter of the faeces equals the organic matter of the F-fraction.
This being so, the exogenous crude protein of the faeces equals the crude protein of the
F-fraction. Further the exogenous N-free organic cell enclosure substances equal the
exogenous N-free organic matter minus the cell wall complex.

The digestibility values in Table 3 have been calculated for the hay ration alone,
since the added sugar is assumed to have been completely digested. Thus all changes
in the digestibility of the components of the hay can be attributed directly to the added
sugar. If the digestibility values were calculated for the whole ration, including the sugar
supplements, the values obtained would be very deceptive, because the proportion of
sugar in the rations is very high: in Period 1 about 16 % and in Period 2 about 28 %.

The digestibility values in the left-hand part of Table 3 show the apparent digestibility
of the hay, apart from the values of the cell wall complex, which are true. The values
in the right-hand part show the true digestibility.

Table 3 shows that when 1 kg sugar was added to the diet (Period 1), the digestibility
of the nutrients in timothy hay differed very little from their digestibility in Period 0



when the cows received only hay. When the amount of sugar was increased to 2 kg
(Period 2), the digestibility values decreased considerably. In Periods 0 and 1 the average
digestibility values of the dry matter of hay are practically the same, 62.1 and 61.6 %,

but in Period 2 the value is as low as 50.3 per cent. The results are similar in the case
of the organic matter and the N-free organic matter. The digestibility of the cell wall
complex is 51.7 % in Period 2, while in Period 0 it is 70.7 % and in Period 1 69.0 %.

The digestibility of the cellulose shows a marked decrease in Period 2 being 24.1 %-

units lower than in Period 0, while in Period 1 it is only 3.2 %-units lower than in Period 0.
The digestibility values of the neutral sugar anhydrides of the hemicellulose fraction and
the 0.05 N acid fibre also decrease by about 20 %-units from Periods 0 and 1 to Period 2.
The true digestibility values of the crude protein and the N-free organic cell enclosure
substances are very high and the differences between the periods are small; in the former
case the values are 94.6, 94.6 and 93.7 %, and in the latter case 93.5, 93.3 and 93.8 %

in Periods 0, 1 and 2, respectively. The true digestibility values of the organic matter
and the N-free organic matter are of the same order in Periods 0 and 1, but in Period 2
the values are more than 10 %-units lower. A comparison of the true digestibility with
the apparent digestibility shows that the former is much higher than the latter, in some

cases about twice as high.

Table 2. The dry matter and chemical components of hay and faeces as percentages of dry weight in
different experimental periods.

Cell wall subst. (SALO’s Exogenous1

meth.)
Hemicellulose

Dry
matter

Cr
2

O
a

free
ash

Org.
matter Crude

protein
N-free

org.
matter

Cell
wall

complex
N-free

org.cell

enclosure
subst.

0.05
N
acid
fibre Neutral

sugaranhydrides Uronic anhydrides Cellulose Lignin Total Org.
matter Crude

protein
N-free

org.
matter N-free

org.
cell

enclosure
subst.

Timothy hay 84.4 8.4 91.6 11.1 80.5 62.0 18.5 53.9 20.9 4.5 25.1 8.1 58.6
Faeces

91.6 11.1 80.5 18.5

Cow Meno
Period 0 19.8 13.1 85.7 12.3 73.4 45.5 27.9 41.0 16.3 4.0 16.5 18.9 55.7 49.9 1.7 48.2 2.7

» 1 18.0 11.1 87.7 14.5 73.2 47.6 25.6 43.8 17.0 3.9 17.8 16.9 55.6 52.1 1.7 50.4 2.8
» 2 17.0 8.2 91.0 10.6 80.4 58.4 22.0 55.3 21.5 4.2 24.4 15.6 65.7 63.1 1.6 61.5 3.1

Cow Mutina
Period 0 19.3 11.8 87.3 12.3 75.0 49.7 25.3 44.0 17.9 3.8 18.1 19.4 59.2 54.6 1.5 53.2 3.4

» 1 17.8 9.6 89.5 12.7 76.8 51.6 25.2 46.8 18.9 4.3 20.4 18.5 62.1 56.6 1.5 55.1 3.5
» 2 17.7 7.7 91.5 10.9 80.6 62.3 18.3 57.0 21.9 4.2 26.5 14.3 66.9 65.2 1.2 64.0 1.7
*) food residues

The decreased digestibility of the cell wall substances in Period 2 is probably due to
the fact that plenty of sugars were available for the microbes in the rumen making the
conditions more unfavourable for the digestion of the cell wall constituents. In Period 1,
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when the sugar addition was only 1 kg/day, the situation was different as is shown by the
digestibility values. The optimum sugar level appears to have been less than 2 kg/day.

The animals used the sugar supplement very well. Only small amounts of sugar were
found in the faeces. Percentages of water-soluble sugars in dry matter of faeces in the
different experimental periods was as follows:

period cow Meno cow Mutina
0 0.4 0.4
1 0.5 0.6
2 0.7 0.7

Table 3. The digestibility percentages of the dry matter ofhay and its components in different experimental
periods.

Cell wall subst. (SALO’s Exogenous
meth.)
Hemicellulose

Dry
matter

Cr
2

O
s

free
ash

Org.
matter Crude

protein
N-free

org.
matter

Cell
wall
complex

N-free
org.

cell

enclosure
subst.

0.05
N
acid
fibre Neutral

sugar anhydrides Uronic anhydrides Cellulose Lignin Total Org.
matter Crude

protein
N-free

org.
matter N-free

org.
cell

enclosure
subst.

Period 0
cow Meno 67.7 50.0 69.8 64.0 70.6 76.3 51.4 75.3 74.6 71.1 78.9 24.7 69.3 82.4 95.5 80.6 95.1
cow Mutina 56.4 39.3 58.4 51.4 59.4 65.0 40.5 64.4 62.7 62.2 68.5 —4.9 56.0 74.0 93.7 71.2 91.9
Average 62.0 44.7 64.1 57.7 65.0 70.7 46.0 69.9 68.7 66.7 73.7 9.9 62.7 78.2 94.6 75.9 93.5

Period 1
cow Meno 67.9 57.1 69.2 57.7 70.8 75.3 55.7 73.8 73.6 71.1 77.3 33.3 69.6 81.8 95.5 79.9 95.1
cow Mutina 55.2 48.8 56.2 48.6 57.3 62.7 38.9 61.0 59.3 57.8 63.7 —2.5 52.6 72.3 93.7 69.3 91.4
Average 61.6 53.0 62.7 53.2 64.1 69.0 47.3 67.4 66.5 64.5 70.5 15.4 61.1 77.1 94.6 74.6 93.3

Period 2
cow Meno 50.1 51.2 50.4 52.3 50.2 53.1 40.5 48.8 48.8 53.3 51.4 3.7 44.0 65.6 92.8 61.7 91.9
cow Mutina 50.4 54.8 50.4 51.4 50.3 50.2 50.8 47.8 47.8 53.3 47.8 12.3 43.3 73.7 94.6 60.6 95.7
Average 50.3 53.0 50.4 51.9 50.3 51.7 45.7 48.2 48.3 53.3 49.6 8.0 43.7 64.7 93.7 61.2 93.8

Efficiency of the mastification. The efficiency of the mastication
ofhay when different amounts of sugar were added was investigated by sieve fractionation
of the faeces (Paloheimo, Syrjälä and Vainio 1968). The results are shown in Table 5.

The fractions remaining on the sieves consist of the exogenous part of the faeces
(Paloheimo 1962, Paloheimo 1966). These fractions mainly comprise plant cell wall
substances derived from the food. The fraction passing through all the sieves consists
largely of endogenous and bacterial material and probably also contains cell wall particles
small enough to pass through the 0.1 mm sieve.



Table 4. The amounts of digestible nutrients expressed as g per 100 g of dry matter of hay, in different
experimental periods.

Cell wall subst. (SALO’s Exogenous
meth.)
Hemicellulose

Dry
matter

Ash Org.
matter Crude

protein
N-free

org.
matter

Cell
wall
complex

N-free
org.

cell

enclosure
subst.

0.05
N
acid
fibre Neutral

sugaranhydrides Uronic anhydrides Cellulose Lignine Total Org.
matter Crude

protein
N-free

org.
matter N-free

org.
cell

enclosure
subst.

Period 0
cow Meno 67.7 4.2 63.9 7.1 56.8 47.3 9.5 40.6 15.6 3.2 19.8 2.0 40.6 75.5 10.6 64.9 17.6
cow Mutina 56.4 3.3 53.5 5.7 47.8 40.3 7.5 34.7 13.1 2.8 17.2 —0.4 32.8 67.8 10.4 57.3 17.0
Average 62.1 3.8 58.7 6.4 52.3 43.8 8.5 37.7 14.4 3.0 18.5 0.8 36.7 71.7 10.5 61.1 17.3

Period 1
cow Meno 67.9 4.8 63.4 6.4 57.0 46.7 10.3 39.8 15.4 3.2 19.4 2.7 40.8 74.9 10.6 64.3 17.6
cow Mutina 55.2 4.1 51.5 5.4 46.1 38.9 7.2 32.9 12.4 2.6 16.0 —0.2 30.8 66.2 10.4 55.8 16.9
Average 61.6 4.5 57.5 5.9 51.6 42.8 8.8 36.4 13.9 2.9 17.7 1.3 35.8 70.6 10.5 60.1 17.3

Period 2
cow Meno 50.1 4.3 46.2 5.8 40.4 32.9 7.5 26.3 10.2 2.4 12.9 0.3 25.8 60.1 10.3 49.8 17.0
cow Mutina 50.4 4.6 46.2 5.7 40.5 31.1 9.4 25.6 10.0 2.4 12.0 1.0 25.4 59.3 10.5 48.8 17.7
Average 50.3 4.5 46.2 5.8 40.5 32.0 8.5 26.0 10.1 2.4 12.5 0.7 25.6 59.7 10.4 49.3 17.4

Table 5 shows that the addition to sugar ot the hay diet decreased the efficiency of
mastication of both cows. The decrease was greater with 2 kg of sugar than with 1 kg.

Yield and composition of milk. Analyses were made of milk samples
taken in the last three days of each experimental period. The dry matter, ash, fat and
protein were determined. The lactose content was calculated by subtracting ash, fat and
protein from the dry matter. The N-content of milk protein being about 15.7 %, the
coefficient 6.37 was used in the calculation of the milk protein.

Table 5. Percentages of dry matter of faeces remaining on different sieves.

Remaining on 2, 1 Remaining on 0.1 Passing through
Experimental and 0.5 mm sieves mm sieve all sieves

period cow cow Aver- cow cow Aver- cow cow Aver-
Meno Mutina age Meno Mutina age Meno Mutina age

0, hay 6kg 14.4 17.4 15.9 32.5 31.9 32.2 53.1 50.7 51.9
1, hay 6kg 18.6 18.4 18.4 31.9 34.0 33.0 49.5 47.7 48.6

sugar 1 »

2, hay 6kg 23.8 24.2 24.0 37.7 39.8 38.8 38.5 36.0 37.2
sugar 2 »

99
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Table 6. Average yields and composition of milk in the different periods.

Period Name of Milk Composition of milk (%)

cow kg/day Dry matter Ash Fat Protein Lactose

Meno 5.3 14.5 0.7 5.5 4.0 4.4
0 Mutina 6.6 14.2 0.7 5.7 3.5 4.3

Average 6.0 14.4 0.7 5.6 3.8 4.3

Meno 4.3 13.9 0.8 4.8 4.2 4.2
1 Mutina 6.2 12.8 0.7 4.6 3.4 4.1

Average 5.3 13.4 0.8 4.7 3.8 4.1

Meno 3.3 14.2 0.8 5.0 4.4 4.0
2 Mutina 5.612.7 0.74.4 3.64.0

Average 4.513.5 0.84.7 4.04.0

Table 6 shows the average yield and the composition of the milk in the different
experimental periods. The milk yields decreased slowly over the three periods. This
decrease normally occurs when the cows are approaching the end of their lactation period
and the effect of differences in the feeding is probably quite small. But the variations in
the composition of the milk could depend on the feeding. Table 6 shows that the dry
matter of milk is 14.4 % in Period 0. In Period 1 it has decreased by 1 %-unit resulting
from the corresponding decrease in fat content. This decrease can be attributed to the
addition ofsugar, because with a normal diet the dry matter of cow milk increases towards
the end of the lactation period. In Period 2 there is no further decrease. It should be
noted that the lactose content of the milk did not increase in spite of the addition ofsugar
to the ration and there was in fact a small decrease. The ash and protein contents of the
milk in the different periods remained practically unaltered.
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SELOSTUS

REHUANNOKSEEN LISÄTYN SOKERIN VAIKUTUKSESTA REHUN SULAVUUTEEN JA
HIENONTUMISEEN SEKÄ MAIDON MÄÄRÄÄN JA KOOSTUMUKSEEN LYPSYLEHMÄLLÄ

Liisa Syrjälä

Helsingin yliopiston kotieläintieteen laitos

Suoritetun tutkimuksen tarkoituksena oli selvittää, miten eri suuret sokcrimäärät vaikuttavat runsaasti
kettoaineita sisältävän rehun sulavuuteen ja hienontumiseen. Samalla myöskin tarkkailtiin, aiheuttaako
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jatkuvasti tehostettu sokeriruokinta muutoksia maidon määrässä ja koostumuksessa.
Koe suoritettiin kahdella lehmällä, jotkasaivat 6 kg timoteiheinää sekä 0,1, 2 ja 4 kg puhdasta sokeria

vuorokaudessa. Johtoaineena sulavuuskokeissa käytettiin kromioksidia.
Jos rehuannoksen sokerilisä oli lehmää kohti 1 kg/vrk, ei vielä seurannut sanottavaa sulavuuden

heikentymistä verrattaessa tapaukseen, jossa lehmä heinän lisäksi ei saanut ollenkaan sokeria. Kun sokeri-
lisä nostettiin 2 kiloon/lehmä/vrk, laski heinän sulavuus keskimäärin 11.7 %-yksikköä. Kettoaineiden
kohdalla tämä aleneminen oli 17 %-yksikköä. Nostettaessa sokerilisä 4 kiloon/lehmä/vrk, lakkasivat molem-
mat lehmät kokonaan syömästä. 2 kg:n sokerilisäys alensi myös ruoansulatuskanavassa tapahtuvaa rehun
hienontumista huomattavasti, kun taas yhdestä sokerikilosta johtuva vaikutus oli vain vähäinen.

Sokeriruokinnan vaikutus maidossa näkyi kuiva-ainepitoisuuden laskuna. Tämä aleneminen oli sama
kuin maidon rasvapitoisuudessa tapahtunutlasku eli 1 %-yksikkö. Vaikutus ilmeni jo 1 kg:n sokerilisäyk-
sellä eikä 2 kg lisäys enää enentänyt maidon kuiva-aine- ja rasvapitoisuuden laskua. Maidon valkuais-,
tuhka- ja sokeripitoisuuteen ei rehuannokseen lisätty sokeri vaikuttanut.


