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Effects of physical treatment of barley and rapeseed
meal in dairy cows given grass silage-based diets

Pekka Huhtanen and Terttu Heikkilä
Agricultural Research Centre of Finland, Institute ofAnimal Production,

FIN-31600 Jokioinen, Finland

Twenty-four Ayrshire cows were used to study the effects of physical treatment of barley, rapeseed
meal (RSM) supplementation and heat-moisture treatment ofRSM on silage intake and milk produc-
tion. Experimental design was a cyclic change-over with six dietary treatments. The treatments in a 2
x 3 factorial arrangement consisted of either untreated (UB) or heat-moisture treated barley (TB),
given without protein supplementation (control) or with untreated or heat-moisture treated RSM.
Grass silage was given ad libitum and the concentrates at a rate of 10 kg/d. For the RSM diets, 2 kg/d
of the basal concentrate was replaced with either untreated or treated RSM.

Treatment of barley decreased silage intake, the effect being greater when the supplement did not
contain RSM. There was no effect on milk yield, but due to the lower milk fat content, energy cor-
rected milk yield was lower in cows given TB than in those given ÜB. Feeding the TB diets was also
associated with lower milk urea content, and with increased milk protein content but not protein
yield. Faster initial rate of gas production in vitro suggested that the treatment of barley increased the
rate of fermentation. Compared with the control diets, RSM supplementation significantly increased
silage intake, milk yield, milk protein content and yields of all milk constituents. Heat-moisture
treatment of RSM did not produce any further production response.
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ntroduction
It is well established that increasing the protein
concentration of supplements increases milk
yield in cows given grass silage-based diets
(Thomas and Rae 1988,Chamberlain et al. 1989,
Tuori 1992). The responses can be attributed to
increased silage DM intake, improved diet di-

gestibility and increased supply of amino acids
from the small intestine. However, physical and
chemical treatments of protein supplements to
increase the supply ofamino acids from the small
intestine have often produced limited responses
in animal production. Replacing grain mixture
in the concentrate with rapeseed meal (RSM),
the most important protein supplement for ru-
minants in Finland, has consistently increased
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milk yield. However, reducing ruminal protein
degradability of 00-varieties of RSM by heat-
moisture treatment has not produced any further
responses (Tuori 1992) despite an increase in the
calculated supply of amino acids absorbed from
the small intestine (AAT).

Reducing ruminal protein degradability of
grain supplements by either chemical or physi-
cal processing offers another way to increase the
supply of amino acids. Although cereal grains
have a low crude protein content, they generally
comprise a large proportion of concentrate mix-
tures, which means that improvements in the
protein value of grain could result in considera-
ble increases in the supply of amino acids from
the small intestine. Kassem et al. (1987) demos-
trated some improvements in milk production
when barley was treated with a formaldehyde
reagent. Physical treatment of grain can be used
to modify grain starch, which should increase
microbial protein synthesis in the rumen (Cham-
berlain et al. 1993). Heat treatmentcan produce
complexes between starch and protein that are
not digested by microbial enzymes (Dreher et
al. 1984) and if these complexes are digested in
the small intestine, the supply ofboth amino ac-
ids and glucose could increase.

The objective of our experiment was to ex-
amine the effects ofphysical treatment to reduce
ruminal protein degradability ofbarley and rape-
seed meal (RSM) on milk production in cows
fed grass silage ad libitum.

Material and methods
Animals

The experimental animals were 24 Finnish Ayr-
shire cows, of which 6 were in their first lacta-
tion. The cows had calved 63 days (SE 4.0) be-
fore the start of the experiment and their aver-
age milk yield was 34.0 kg (SE 0.86) at the be-
ginning of the experiment. The cows were fed
and housed in individual stalls. Grass silage was

given ad libitum in amounts ensuring refusal of
about 10% of the amount offered. The concen-
trate mixtures were given three times daily at
1.00, 13.00 and 16.30 h and the cows were
milked twice daily at 6.45 and 15.30 h.

Experimental design
The experiment was conducted according to a
cyclic change-over design (Davis and Hall 1969)
with six treatments, four replicate blocks of six
cows and four 3-week experimental periods. The
cows were divided into blocks according to pre-
trial milk yield and parity, and allocated at ran-
dom to treatments and sequences of treatments.
The six treatments in a 2 x 3 factorial arrange-
ment consisted of two energy supplements [un-
treated barley (UB) and heat-moisture-treated
barley (TB)], each given without protein supple-
ment (control), with untreated RSM or with treat-
ed RSM. The control concentrateconsisted on a

DM basis (g/kg) of either UB or TB (800) and
molassed sugar beet pulp (200). For the cows
given RSM diets, 200 g/kg of the basal concen-
trate was replaced with RSM. On air-dry basis
(870 g DM/kg), the concentrates were given at a
rate of 10 kg/d throughout the experiment. The
concentrate mixtures contained 36 g/kg ofa com-
mercial mineral mixture containing (g/kg) Ca
(213), P (46), Mg (33) and Na (93).

Four late-lactation cows, each fitted with a
rumen cannula, were used in a change-over de-
sign with two periods of 14 days to study the
effects of barley treatment on rumen fermenta-
tion. The cows were given grass silage ad libi-
tum and 2 kg/d of untreated RSM with 6 kg/d of
either UB or TB. They were fed twice daily at
12 h intervals. Rumen samples were taken on
the last day of each period before feeding and
thereafter 8 times at 1 h intervals.

Feeds
The silage was made from a sward of second-
cut meadow fescue (Festuca pratensis) - timo-
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thy (Phleum pratense). The silage was harvest-
ed as direct-cut by a flail-type forage harvester
and ensiled into a bunker silo of 200 t capacity.
Formic acid-based additive was applied at en-
siling at a rate of 5 I/t.

The ingredients of the basal concentrates
were crushed and mixed in the feed mill of the
institute. RSM was weighed separately and
mixed with the concentrate before feeding. Un-
treated RSM was solvent extracted and ofFinn-
ish origin (Raisio Ltd). Heat-moisture treated
RSM was imported from Sweden, because for
practical reasons it was not possible to transport
RSM to Sweden for the treatment. The higher
crude protein content of treated (Expro®) RSM
was taken into account by making the concen-
trates isonitrogenous. The treated barley was
prepared from the same lot of barley that was
fed untreated, by cooking at high temperature.

Experimental procedure
Feed intake and milk yield of individual cows
were recorded daily. The results of the last sev-
en days of each period were used for statistical
analyses, and the feed samples forchemical anal-
yses were collected during this period. Fresh si-
lage samples were preserved frozen at -20°C for
the analyses of silage fermentation characteris-
tics.

Milk samples were taken on four consecu-
tive milkings on the last week of each period.
The samples were analysed for fat, protein and
lactose by an infra-red milk analyser. Live weight
of the cows was recorded on two consecutive
days at the beginning of the experiment and at
the end of each period. The apparent digestibil-
ity of the diets was determined by using acid
insoluble ash as an internal marker (Van Keulen
and Young 1977). Faecal samples were taken
from all cows twice daily at 7.30 am and 4 pm
on five consecutive days during the last week of
each period. Ruminal protein degradability of the
concentrate feeds was determined by nylon bag
technique. The samples were incubated in the
rumen of four cows for 0,3, 6, 12, 24 and 48 h.

Efficient ruminal protein degradability (EPD)
was calculated using the values of0.03 and 0.04/h
for the passage rate of barley and RSM (Tuori
et al. 1995). Cumulative gas production was
measured from barley samples by a modifica-
tion of the method of Theodorou et al. (1994).

Chemical analyses
Feed analyses were made using standard proce-
dures. Silage DM content was corrected for the
volatile losses according to Huida et al. (1986).
Neutral detergent fibre (NDF), acid detergent
fibre (ADF) and lignin were determined accord-
ing to Robertson and Van Soest (1981). The pH
ofthe silage and rumen fluid samples was meas-
ured immediately. Ammonia-N (McCullough
1967) and volatile fatty acids (VFA) (Huida
1973) were measured both in silage and in ru-
men fluid samples. The concentration of lactic
acid in silage was determined by the method of
Barker and Summerson (1941) and that ofwater
soluble carbohydrates (WSC) by the method of
Somogyi (1945). Milk fatty acid composition
was analysed by gas chromatography (Antila and
Kankare 1983,Karow et al. 1984) and milk urea
content as ammonia (McCullough 1967) after
hydrolyses by urease.

Calculations and statistical analyses
The content of metabolizable energy (ME) was
calculated using the D-value determined in sheep
for silage and from chemical composition and
digestibility coefficients (Tuori et al. 1995) for
the concentrate feeds. ME intake was also esti-
mated from calculated intake of digestible OM
(DOM) assuming ME content of 16 MJ/kg DOM.
Milk energy content was calculated according
to Tyrrel and Reid (1965). The efficiency of the
utilization of ME for milk production was cal-
culated ignoring the effect oflive weight change.
The supply of amino acids absorbed from the
small intestine (AAT) was estimated either by
using EPD values determinedby nylon bag meth-
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Table 1.Chemical composition (g/kg dry matter) and calculated feeding values of the experimental feeds.

Silage 1 Untreated Treated Untreated Treated
barley2 barley 2 RSM RSM

Dry matter (g/kg) 241 882 912 883 895
In dry matter

Ash 87 66 63 78 79
Crude protein 133 126 122 366 409
Ether extract 50 17 19 39 32
Crude fibre 283 73 73 137 120
NEE’ 447 719 723 381 360
NDF 522 275 379 292 283
ADF 294 86 101 218 176
Lignin 29 17 23 78 66

EPD 4 (g/kg) 801 726 751 581
ME 5 (MJ/kg DM) 10.9 12.8 12.9 11.2 11.2
AAT6 (g/kg DM) 82 105 110 134 181
PBV 7 (g/kg DM) -6 -46 -57 158 134

1 In silage: pH 3.96; In DM (g/kg): WSC 28, lactic acid 62, acetic acid 16, ethanol 6; In total N (g/kg):
ammonia N 30, soluble N 505.
2 A mixture of barley and sugar beet pulp (8:2).
3 Nitrogen free extracts.
4 Efficient protein degradability, rate of passage 0.03/h for barley and 0.04 for RSM.
5 Calculated from D-value determined in sheep for silage and from feed table digestibility coefficients for
the concentrates.
6 The values determined by nylonbag method for concentrates and from feed tables (TUori et al. 1995) for silage.
7 Calculated using determined EPD values for the concentrates and a value of 0.85 for silage.

od for the concentrate feeds and a value of 0.85
for silage (Tuori et al. 1995) or using EPD val-
ues from Finnish feed tables (Tuori et al. 1995)
for all feeds.

The data were analysed with general linear
models of the Statistical Analyses System (SAS
Institute 1989). The model included the effects
of block, cow (block), period, treatment and car-
ry-over. The results for the production parame-
ters are adjusted for the carry-over effects al-
though all these effects were non-significant and
negligible. The treatment effects were further
separated into single degree comparisons of
effects of barley treatment, RSM supplementation,
RSM treatment, interaction between barley and
RSM supplementation, and interaction between
barley treatment and RSM treatment. Data from
the rumen fermentation study was subjected to
a split-plot analysis of variance for repeated
measurements.

Results
The silage fed was of good fermentation quality
in terms of low pH, low concentrations of fer-
mentation acids and small proportion of ammo-
nia N in total N (Table 1). Despite the relatively
low crude protein content in the silage, the D-
value determined in sheep was fairly high (681 g
digestible OM/kg DM). Treatment of barley
increased NDF content markedly, and also ADF
content of the energy supplement. The treatment
of both barley and RSM decreased ruminal pro-
tein degradability, and consequently increased
calculated AAT values.

The results for feed intake and calculated ME
and AAT consumption are shown in Table 2. Si-
lage DM intake was higher (P<0.001) with the
UB diets than the TB diets (11.14 v. 10.27 kg/d).
Compared with the control diets, both UR and
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Table 2. Feed intake and calculated ME and AAT consumption in cows receiving grass silage with supplements based
untreated barley (UB) or treated barley (TB), both given withoutprotein supplementation (control), with untreated RSM or
treated RSM.

Control Untreated RS M Treated RS M Significance of effect 1
UB TB UB TB UB TB SEM B R RT BxRBxRT

Intake (kg DM/d)
Silage 10.61 9.36 11.20 10.84 11.61 10.62 0.139 *** *** NS * NS
Concentrate 8.83 8.77 8.79 8.78 8.84 8.80
Total 19.44 18.13 19.99 19.62 20.45 19.42 0.140 *** *** NS * NS

ME (MJ/d) 2 221.8 209.3 222.6 220.8 229.4 218.6 1.55 *** *** NS * *

ME (MJ/d)' 199.8 186.1 206.1 203.2 213.0 200.4 1.62 *** *** NS o **

Difference (MJ/d) 22.0 23.1 16.5 17.6 16.5 18.2 0.77 o *** NS NS NS
AAT(g/d)4 1747 1690 1824 1841 1947 1896 11.8 ** *** *** o *

AAT(g/d)' 1736 1636 1848 1831 1908 1821 11.8 *** *** o * *

PBV(g/d) 4 -468 -551 -109 -182 -184 -253 1.3 *** *** *** *** NS

1 Significance of orthogonal contrasts: B = effect of barley treatment, R = effect of RSM supplementation, RT = effect of
RSM treatment, B x R interaction between barley treatment and RSM supplementation and B x RT = interaction between
barley treatment and RSM treatment.
o P < 0.10, * P<0.05, �* P<o.ol, ***P< 0.001.
2 Calculated using D-value determined in sheep for silage and feed table values for concentrates.
3 Calculated from the intake of digestible OM determined in cows using AIA as an internal marker,
4 Calculated using determined EDP values for the concentrates of 0.85 for silage.
5 Calculated using for all feeds EDP values from feed tables (Tuori et al. 1995).

TR diets increased (P<0.001) silage DM intake
(9.99 v. 11.02 and 11.11 (SEM 0.10) kg/d). The
response in silage DM intake to RSM supple-
mentation was greater (1.4 v. 0.8 kg/d) with TB
than with UB (barley x RSM, P<0.05). The dif-
ferences in calculated ME intake showed the sim-
ilar patterns to those in silage and total DM in-
take. Inclusion of RSM increased ME intake
more with TB than UB (10.4 v. 4.2 MJ/d,
P<0.05). Moreover, the adverse effect of TB on
ME intake was greater (P<0.05) with treated
RSM than with untreated RSM (10.8 v. 1.8 MJ/
d). On average, ME intake was 19.4 MJ/d smaller
when estimated from DOM intake than when
calculated from silage D-value and from chemi-
cal composition and feed table digestibility co-
efficients for the concentrates. Including RSM
in the diet decreased this difference by 5.4 MJ/d
(P<0.001). Because of reduced DM intake, the
supply of AAT was smaller with TB diets than
UB diets even when the lower ruminal degrada-
bility of TB was considered. RSM supplemen-

tation increased (P<0.001) estimated AAT intake,
and RSM treatment further increased AAT in-
take when the values were based on measured
ruminal protein degradability.

Despite reduced feed intake, barley treatment
did not affect milk yield (Table 3). However,
energy-corrected milk (ECM) yield was higher
(P<0.01) in cows given UB than in those given
TB (29.3 v. 28.4 kg/d). The decrease in ECM
yield was smaller (P<0.05) when RSM was in-
cluded in the diet (0.5 v. 1.8 kg/d). Barley treat-
ment decreased (P<0.001) milk fat content (44.1
v. 41.1 g/kg) and fat yield (1237 v. 1154 g/d),
and increased (P<0.05) milk protein content
(31.8 v. 32.2 g/kg) but not protein yield (889 v.
897 g/d). RSM increased milk yield (26.7 v. 28.9
kg/d; P<0.001), milk protein content (31.7 v. 32.2
g/kg; P<0.01) and protein yield (838 v. 921 g/d;
P<0.001). Including RSM in the diet resulted in
a smaller (Pc0.05) decrease in fat yield in the
response to barley treatment(57 v. 136 g/d). The
effects of treatment of RSM on milk yield, milk
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Table 3. Effects of supplements on milk production in cows receiving grass silage with supplements based on untreated
barley (UB) or treated barley (TB) both given without protein supplementation (control), with untreated RSM or treated
RSM.

Significance of effect 1Control Untreated RSM Treated RSM

UB TB UB TB UB TB SEM B R RT BxRBxRT

Milk yield (kg/d) 27.0 26.4 28.6 28.9 29.0 29.1 0.31 NS *** NS NS NS
ECM2 yield (kg/d) 28.426.6 29.629.2 29.929.3 0.31 ** *** NS * NS
Milk composition (g/kg)

Fat 45.141.0 43.941.5 43.240.8 0.51 *** NS NS o NS
Protein 31.431.9 31.932.2 32.132.4 0.20 * ** NS NS NS
Lactose 48.849.0 48.348.6 48.448.6 0.15 o *» NS NS NS

Milk urea (mmol/1) 2.131.33 3.832.63 3.973.12 0.125 •** **� * NS NS
Milk constituents (g/d)

Fat 1216 1080 1247 1193 1249 1190 17.1 �»* *** NS * NS
Protein 838 837 907 922 921 933 9.2 NS *** NS NS NS
Lactose 1313 1291 1374 1403 1398 1409 15.7 NS *** NS NS NS

Feed efficiency
ECM (kg/kg DM) 1.461.48 1.481.49 1.461.51 0.014 * NS NS NS NS
Milk protein/
CP intake (g/kg) 337 367 306 318 299 321 3.0 *** *** NS NS NS

Live weight (kg) 563 562 566 570 569 571 2.0 NS *** NS NS NS

' Significance of orthogonal contrasts: B = effect of barley treatment, R = effect of RSM supplementation, RT = effect of
RSM treatment, B x R = interaction between barley treatment and RSM supplementationand B x RT = interaction between
barley treatment and RSM treatmen
o P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001.
2 ECM = energy corrected milk (Sjaunja et al. 1990).

protein content and yield (0.3 kg/d, 0.2 g/kg and
13 g/d) were all small and non-significant. Feed-
ing TB instead of UB decreased (P<0.001) milk
urea content (3.32 v. 2.27 mmol/1), whilst treat-
ment of RSM increased (P<0.05) milk urea con-
tent (3.23 v. 3.54 mmol/1). Feed efficiency meas-
ured in terms of ECM per kg DM intake was
improved (P<0.05) by barley treatment. Barley
treatment improved and RSM supplementation
reduced the efficiency of feed protein utilization.
Treatment of RSM had no effect on protein uti-
lization. The mean live weight was greater
(PcO.001) in cows given RSM than in those fed
without protein supplement.

Replacing UB with TB in the supplement had
no effect on the proportion of short chain fatty
acids (C 4-C |4 |) in milk, but the proportions of
butyric (C 4

) and caproic acid (C 6
) acids were

higher with UB than TB (Table 4). The propor-
tion of palmitic acid (C |60

) was higher (P<0.001)

with UB than with TB (315 v. 300 g/kg), while
the proportion of oleic acid (C |81) was lower (178
v. 185 g/kg; P<0.01). The greatest relative in-
crease with treatment of barley (23.4 to 29.5 g/
kg; PcO.001) occurred in the proportion of linolic
acid (C |g2

). RSM supplementation increased
(P<0.01) the proportion of C |gl and decreased
(P<0.0l) that of C |g ~ RSM treatment had no ef-
fect on milk fatty acid composition.

The increase in OM digestibility in response
to RSM supplementation was small (Table 5),
although statistically significant (P<0.01). Treat-
ment of barley had no effect on OM digestibili-
ty but CP digestibility was decreased (0.646 v.
0.606; P<0.001). NDF digestibility was higher
in cows given TB than in those given UB (0.675
v. 0.660), but the digestibility of crude fibre was
lower (0.644 v. 0.672) with TB than with ÜB.
The response ofcrude fibre digestibility to RSM
supplementation was greater (P<0.05) with TB
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Table 4. Effects of supplements on milk fatty acid composition (g/kg) in cows receiving grass silage with supplements
based on untreated barley (UB) or treated barley (TB), both given without protein supplementation (control), with untreated
RSM or treated RSM.

Control Untreated RSM Treated RSM Significance of effect 1Fatty
acid UB TB UB TB UB TB SEM B R RT BxRBxRT

C 4 57.151.3 54.051.0 55.550.1 1.04 *** NS NS NS NS
C 6 31.130.0 30.429.7 31.129.7 0.45 * NS NS NS NS
C 8 17.117.7 17.317.7 17.817.9 0.28 NS NS NS NS NS
C, O 38.942.3 40.341.7 41.442.7 0.73 ** NS NS NS NS
Cl2 46.049.9 47.548.5 48.750.7 1.06 * NS NS NS NS
C |4 144.3143.9 144.3143.1 147.8142.7 1.28 * NS NS NS NS
Cu., 20.119.7 20.120.5 20.520.5 0.39 NS NS NS NS NS
C 4 C, 4 | total 355.5355.5 353.8352.3 362.8354.9 3.96 NS NS NS NS NS
C |6o 322.0306.1 313,8 298.0309.5 296.13.97 *** * NS NS NS
C, frl 25.625.8 23.623.6 23.923.5 0.25 NS *** NS NS NS
C,M 91.589.1 94.895.2 91.393.4 1.76 NS NS o NS NS
Cm 173.0178.6 180.5188.9 180.1188.9 2.80 ** ** NS NS NS
C |l42 24.131.2 23.028.6 23.028.7 0.47 *** ** NS NS NS

1 Significance of orthogonal contrasts; B = effect of barley treatment, R = effect of RSM supplementation, RT = effect of
RSM treatment, B x R = interaction between barley treatmentand RSM supplementation and B x RT = interaction between
barley treatment and RSM treatment,

o P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001.

than UB (0.047 v. 0.019). DM content in faeces
was higher (142 v. 125 g/kg; P<0.001) in cows
fed UB than in those fed TB.

Treatment of barley decreased ruminal am-
monia N concentration and the molarproportion
of isovalerate of total VFA (Table 6). The ratio

Table 5. Effects ofsupplements on diet digestibility in cows receiving grass silage with supplements based on untreated
barley (UB) or treated barley (TB) both, given without protein supplementation (control), with untreated RSM or treated
RSM.

Control Untreated RSM Treated RSM Significance of effect 1
UB TB UB TB UB TB SEM B R RT BxRBxRT

DM 0.70! 0.695 0.710 0.706 0.713 0.704 0.0027 ** *** NS NS NS
OM 0.721 0.716 0.731 0.728 0.734 0.727 0.0028 * *** NS NS NS
Nitrogen 0.608 0.572 0.669 0.626 0.665 0.622 0.0029 *** *** NS NS NS
Ether extract 0.674 0.685 0.683 0.696 0.686 0.690 0.0035 ** ** NS NS NS
Crude fibre 0.661 0.614 0.671 0.661 0.685 0.657 0.0063 *** *** NS * NS
NFE 0.754 0.766 0.760 0.769 0.761 0.770 0.0030 *** NS NS NS NS
NDF 0.649 0.663 0.660 0.679 0.671 0.685 0.0045 ** *** NS NS NS
MFOM2 (g/kg

DMI) 115.4 111.3 108.3 107.3 109.5 111.8 1.50 NS ** NS NS NS

1 Significance of orthogonal contrasts: B = effect of barley treatment, R = effect of RSM supplementation, RT = effect of
RSM treatment, B x R = interaction between barley treatment and RSM supplementation and B x RT = interaction between
barley treatment and RSM treatment.
o P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0,001.
2 Metabolic faecal OM (grammes of OM - NDF in faeces per kg DM intake)
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Table 6. Effects of barley treatment on rumen fermentation in cows given grass silage.

Barley pH NH4-N VFA Acetate Propionate Butyrate Isovalerate (Ac+Bu)/Pr

(mmol/L) (mmol/mol)

Untreated 6.17 7.0 143 676 177 123 10.1 4.54
Treated 6.13 3.2 139 660 187 131 7.5 4.26

SEM 0.02 0.69 2.1 4.6 6.3 1.6 0.32 0.10
Significance NS o NS NS NS o * NS

o P < 0.10, * P < 0.05, ** P < 0.01, *** P < 0.001.

of lipogenic to glucogenic VFA tended to be low-
er in cows given TB than in those given ÜB.
Faster rate of gas production at an early stage of
fermentation in vitro (Fig. 1)from TB than from
UB indicates that the treatment increased therate
of starch fermentation.

Milk energy yield was lower (P<0.001) with
TB than UB but it was increased by RSM sup-
plementation (Table 7). Inclusion of RSM in the
diet improved (P<0.05) the utilizationof surplus
ME for milk production when ME intake was
estimatedfrom feed table values. However, when
the estimated ME intake was based on DOM,
RSM did not affect ME utilization, but barley

treatment improved (P<0.01) it. Barley treatment
increased and RSM supplementation decreased
the efficiency ofAAT utilization irrespective of
the method ofcalculating the AAT supply. RSM
treatment had no effect on calculated AAT utili-
zation when the same EPD values (650 g/kg)
were used for untreated and treated RSM, but
when the EPD values were determined by nylon
bag method, the efficiency of AAT utilization
was lower (P<0.001) in cows given treated RSM
than in those given untreated RSM.

Discussion

Effect of RSM supplementation
Feeding RSM containing diets caused the well-
documented increase in silage DM intake when
CP content of the supplement is increased (see
Thomas and Rae 1988, Chamberlain et al. 1989).
In the present study the response was 0.44 kg
per 10 g/kg increase in dietary CP content, sim-
ilar to that reported recently with RSM supple-
mentation (Huhtanen et al. 1995) and earlier with
soybean meal supplementation (Chamberlain et
al. 1989). Tuori (1992) reported a mean response
of 0.27 kg in total DM intake when dietary CP
content was increased by 10g/kg with RSM sup-
plementation. The greater response to RSM that
we found with treated barley may be related to

Fig. I. Effect of untreated (UB) and heat-moisture-treated
barley (TB) on cumulative gas production in vitro.
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Table 7. Effect ofsupplements on the utilization of ME and AAT of the cows given grass silage.

Control Untreated RSM Treated RSM Significance of effect 1
UB TB UB TB UB TB SEM B R RT BxRBxRT

Milk energy (ME/d) 89.2 83.6 93.0 91.8 93.8 92.0 0.98 *** *** NS * NS
Maintenance (MJ/d) 54.4 54.3 54.7 55.0 55.0 55.1 0.16 NS *** NS NS NS
Utilization of ME2 0.533 0.539 0.555 0.552 0.537 0.562 0.007 o * NS NS o
Utilization of ME’ 0.616 0.638 0.617 0,619 0.591 0.634 0,006 ** NS NS NS *

AAT requirement 1625 1545 1680 1665 1693 1668 13.9 ** *** NS ** NS
Utilization ofAAT4 0.610 0.636 0.627 0.628 0.585 0.615 0.006 *** o *** NS *

Utilization ofAAT5 0.616 0.664 0.617 0.633 0.600 0,647 0,006 *** ** NS NS *

1 Significance of orthogonal contrasts: B = effect of barley treatment, R = effect of RSM supplementation, RT = effect of
RSM treatment, B x R = interaction between barley treatment and RSM supplementation and B x RT = interaction between
barley treatment and RSM treatment,
o P < 0.10, * P<0.05, ** P<o.ol, ***P< 0.001.
2 ME intake calculated using D-value determined in sheep for silage and feed table values for concentrates.
3 Calculated from the intake of digestible OM determined in cows using AIA as an internal marker,
4 Calculated using EDP values determined by nylon-bag method for the concentrates and a value of 0.85 for silage.
5 Calculated using EDP values from feed tables (Tuori et al. 1995) for all feeds.

more limited supply of rumen degradable feed
protein from treated than from untreatedbarley.
Lower ruminal protein degradability with treat-
ed barley, together with the lower ruminal am-
monia concentration, support this suggestion.

Increased silage DM intake in cows given
protein supplementation has often been attributed
to increased cell wall digestibility in the ru-
men (Oldham 1984). In the present study, RSM
supplementation slightly increased OM digesti-
bility (0.719 v. 0.730), but the difference is too
small to explain an increase of 1.08 kg DM/d in
silage intake. For example, in the data reviewed
by Huhtanen (1993) the mean increase in silage
DM intake was 0.15 kg per 10 g/kg increase in
silage D-value. In some studies (Tuori 1992,
Huhtanen et al. 1995), RSM has increased DM
intake without affecting diet digestibility. This
suggests that factors other than improved digest-
ibility are involved. Khalili et al. (1995) observed
a greater increase in silage DM intake with duo-
denal than with ruminal infusion of casein.
Choung and Chamberlain (1992) also reported
an increase in silage DM intake in response to
duodenal casein infusion. These observations
suggest that the effects of protein supplementa-

tion are mediated mainly by metabolic mecha-
nisms, probably related to protein or protein to
energy ratio.

The present mean milk and protein yield re-
sponses of 3.8 and 0.15 g per 1 g/day increase in
CP intake are similar to those in our recent study
with RSM (Huhtanen et al. 1995) and in studies
ofChamberlain et al. (1989) with soybean meal.
The increase in milk yield was 0.30kg per 1 MJ
increase in ME intake calculated from feed ta-
ble values. This is greater than the 0.194 kg
ECM/MJ ME in Finnish feeding recommenda-
tions (Tuori et al. 1995) and considerably great-
er than the response of approximately 0.10 to
increased concentrate intake in studies conduct-
ed at this institute (Heikkilä et al. and Rinne et
al., unpublished observations). Calculated effi-
ciency of the utilizationof ME for milk produc-
tion was improved by the protein supplementa-
tion in the present study, in agreement with ear-
lier calculations (Chamberlain et al. 1989, Huh-
tanen 1993). However, calculation of ME utili-
zation from production experiments is suscepti-
ble to a number of errors. Calorimetric studies
(e.g. Whitelaw et al. 1986) do not suggest an
improvement in ME utilization in cows given

407

AGRICULTURAL AND FOOD SCIENCE IN FINLAND



Huhtanen, P. & Heikkilä, T. Treated barley and rapeseed mealfor dairy cows

protein supplements. Greater mean live weight
and live weight gain in cows given RSM sup-
plements indicate that mobilization of body tis-
sues was not increased. However, live weight
change is likely to be a poor indicator of cow’s
energy balance, especially in change-over exper-
iments. Whitelaw et al. (1986) observed that
when the protein status of the cows was poor,
they mobilized mainly body protein. When the
protein supply was increased by abomasal ca-
sein infusion, energy retention was not affected,
but fat mobilization increased at the expense of
increased protein retention. These changes in the
composition of mobilized body tissues without
changes in energy retention can result in con-
siderable error when the energy balance is esti-
mated from live weight change, and may explain
the greater live weight gain in cows given RSM
in the present study. Greater live weight in cows
given RSM supplements may partly be related
to greater feed intake and increased weight of
digesta in the gastro-intestinal tract.

In agreement with calorimetric studies
(Whitelaw et ai. 1986), the efficiency of ME uti-
lization was not found to be affected by RSM
when the supply of ME was estimated from
DOM intake. RSM supplementation increased
ME intake by 7.3 MJ/d when estimated from di-
gestibility coefficients in sheep, while the cor-
responding increase was 12.7 MJ/d when the
estimates were based on DOM determined in the
cows. With these values, the marginal response
in milk yield decreased from 0.30 to 0.19 kg/
MJ ME, suggesting that increased DM intake and
a smaller depression in digestibility at high lev-
el of feeding accounted for the increase in milk
yield.

Effect of RSM treatment
In agreement with studies of Huhtanen (1991)
and Tuori (1992), reducing ruminal protein de-
gradability by physical processing had no effect
on milk production. In contrast to this, Bertils-
son et al. (1994) reported positive effect of treat-
ment of RSM on milk production at low level

but not at high level of inclusion. However, in
other Swedish studies reviewed by Bertilsson
(1990), no responses were observed. The present
results are also in line with findings of Rae et al.
(1983), Castle and Watson (1984) and Small and
Gordon (1990) who reduced ruminal degrada-
bility of rapeseed meal or soybean meal by for-
maldehyde treatment. Where our calculations
were based on EPD values determined by nylon
bag method, the marginal response in milk pro-
tein yield was 0.50 g/g AAT when the supply
was increased by including RSM in the diet, but
only 0.08 when the supply was increased by re-
ducing ruminal protein degradability of RSM.
The corresponding responses were 0.50 and 0.54
when the AAT supply was estimated using the
EPD values from Finnish feed tables. In line with
the present study, Small and Gordon (1990) con-
cluded that changes in ruminal protein degrada-
bility did not elicit the same production responses
as those achieved by increasing the total supply
of protein.

The lack of effect of treated RSM compared
with untreated RSM may be related to reduced
microbial protein production in the rumen. Al-
though the calculated PBV was more negative
with treated than with untreated RSM, similar
DM intake and digestibility together with rather
high (7.0 mmol/1) rumen ammonia N concentra-
tion in cannulated cows suggest that microbial
N synthesis was not limited by rumen ammonia N.
When Robinson et al. (1994) gradually re-
placed untreated RSM with treated RSM in the
supplement, they found no differences in rumen
ammonia N concentration between the treat-
ments, and numerically the efficiency of micro-
bial protein synthesis decreased with decreasing
ruminal degradability of RSM protein. No in-
crease in duodenal flow of non-ammoniaN flow
was obtained because of reduced efficiency of
microbial synthesis. Voigt and Piatkowski (1991)
similarly reported that decreasing ruminal de-
gradability ofprotein supplements decreases the
efficiency of microbial protein synthesis, there-
by partly compensating the increased flow of
feed amino acids to the small intestine. Heat
treatment can decrease the availability of amino

408

AGRICULTURAL AND FOOD SCIENCE IN FINLAND



Vol. 5 (1996): 399^*12.

acids. Lysine content was found to be consider-
ably lower in treated than in untreated RSM
(Tuori 1992, Moshtagni Nia and Ingalls 1995).
In agreement with the observations of Tuori
(1992), treatment of RSM did not decrease N
digestibility in vivo compared with untreated
RSM. However, disappearance of amino acids
from the small intestine does not mean that the
a-amino N can be utilized for protein synthesis
(Hurrel and Finot 1985).

Effect of barley treatment
In previous studies, expanding (Prestlpkken,
1994) and roasting (Robinson and McNiven
1994) decreased ruminal degradability of bar-
ley protein, and the current experiment confirms
that ruminal degradability of barley protein can
be reduced by heat treatment. Heat treatment of
barley increased the proportion of NDF-N from
200 to 460 and that ofADF-N from 36 to 132 g/kg
total N, which may explain the reduced N
digestibility. The increase of 1.9 g/kg DM in
ADF-N content of the concentrate corresponds
well with the mean decrease of0.04 in N digest-
ibility. Robinson and McNiven (1994) also re-
ported a greater ADF-N content in roasted bar-
ley than in raw barley. In contrast to their obser-
vations with roasted barley, heat treatment in our
study increased the rate of energy fermentation
as judged from faster rate of gas production in
vitro. The changes in fermentation characteris-
tics in TB can be expected to improve the syn-
chronization of energy and protein release in the
rumen. However, practical attempts have not
been very successful in demonstrating the bene-
ficial effects of synchronized energy and pro-
tein release in the rumen (Chamberlain and
Choung 1995, Van Vuuren et al. 1995).

Feeding TB rather than UB decreased silage
DM intake markedly, but including RSM in the
diet partially alleviated this adverse effect. This
suggests limited supply of rumen degradable N
to be the main reason for reduced silage DM in-
take in cows given TB. Robinson and McNiven
(1994) reported that roasting of barley has no

effect on total DM intake, but dietary crude pro-
tein content was much higher in their study than
in ours. Reduced ECM yield in cows given treat-
ed barley was associated only with a lower fat
yield, while the yields ofprotein and lactose were
similar to those observed with ÜB. Using a for-
maldehyde reagent to reduce degradability of
barley and oats, Kassem et al. (1987) and Mar-
tin and Thomas (1988) observed broadly simi-
lar changes in milk production and milk compo-
sition to those found in the present study. Simi-
lar repartitioning of energy between milk com-
ponents was observed when theratio of lipogenic
to glucogenic VFA was decreased in a VFA mix-
ture infused into the rumen (Miettinen and Huh-
tanen 1996).The results of our rumen fermenta-
tion study are in line with this finding, although
the difference in VFA ratio was too small to
cause a depression of 3 g/kg in milk fat content.
A smaller proportion of C 4 and C 6 fatty acids in
milk of cows fed TB also suggests that the sup-
ply ofpropionate was greater from TB thanfrom
UB (Hurtaud et al. 1993,Miettinen and Huhtanen
1996).

The utilization of feed protein for milk pro-
tein synthesis was improved by barley treatment
irrespective of the method of calculation. This
may be explained by increased flow of feed or
microbial protein to the small intestine. Amino
acid composition of barley protein is considered
relatively poor because of low content of lysine.
In cows fed grass silage-based diets, no differ-
ences in milk protein yield were observed be-
tween isonitrogenous supplements of fishmeal
and barley protein (Blauwiekel et al. 1992) and
between RSM and barley protein (Jaakkola et
al. unpublished), suggesting that barley protein
could be a valuable supplement for dairy cows.
When ruminal degradability of feed protein is
reduced, utilization of feed protein for milk pro-
tein synthesis can be improved only if the effi-
ciency of microbial protein synthesis is not de-
creased. Microbial protein synthesis was not
measured in the present study, but reduced ru-
men ammonia N concentration and reduced pro-
portion of isovalerate in rumen VFA in cows giv-
en TB suggest either decreased proteolysis or
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increased utilization for microbial growth. It is
also possible that increased glucose production
from propionate in cows given treated barley
increased the efficiency of the utilization of
amino acids for milk protein synthesis.

The effects of barley treatment on milk fatty
acid composition were small although statisti-
cally significant in some cases. Lower propor-
tion, and especially lower yield of palmitic acid,
may reflect reduced supply of acetate and (i-hy-
droxybutyratefrom rumen fermentation in cows
given treated barley. Increased proportions of
oleic and linolic acids suggest that barley treat-
ment decreased the biohydrogenation of unsatu-
rated fatty acids in the rumen.

increased by replacing a mixture of barley and
unmolassed sugarbeet pulp withrapeseed meal.
However, decreasing ruminal degradability of
protein by heat-moisture treatment of rapeseed
meal did not elicit any further response. To ex-
plain these different marginal responses to in-
creased amino acid supply from increased pro-
tein content and reduced ruminal degradability
of the supplement will require further study.
Heat-moisture treatment of barley proved to be
an attractive method to decrease milk fat con-
tent and at the same time to increase protein con-
tent slightly. However, the economic benefits of
treatment are negligible since silage intake is
decreased and milk production is not improved.
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Conclusions
Silage intake and production of milk components
increased when dietary crude protein content was
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SELOSTUS
Ohran ja rypsirouheen fysikaalisen käsittelyn vaikutus maidontuotantoon säilörehuun

perustuvalla ruokinnalla
Pekka Huhtanen jaTerttu Heikkilä

Maatalouden tutkimuskeskus

Tutkimuksessa selvitettiin ohran ja rypsirouheen fy-
sikaalisen käsittelyn vaikutuksia säilörehun syöntiin
ja maidon tuotantoon. Koe tehtiin cyclic change-over
koejärjestelyn mukaan käyttämällä 24 ay-lehmää.
Kokeessa oli neljä 21 pvm pituista koejaksoa. Kuusi
koeruokintaa järjestettiin 2x3 faktoriaalisesti ja
koostuivat käsittelemättömästä (UB) ja käsitellystä
ohrasta (TB), joita molempia annettiin joko ilman li-
sävalkuaista (kontrolli) tai joko käsittelemättömän tai
fysikaalisesti suojauskäsitellyn rypsin kanssa. Säilö-
rehua lehmät saivat vapaasti ja väkirehua 10 kg/pv
koko kokeen ajan. Rypsi korvasi 2 kg/pv perusväki-
rehusta, joka ohran lisäksi sisälsi melassoitua juuri-
kasleikettä (200 g/kg).

Ohran suojauskäsittely vähensi merkitsevästi säi-

lörehun syöntiä, Maitotuotokseen ohran käsittely ei
vaikuttanut, mutta pienemmän maidon rasvapitoisuu-
den vuoksi energiakorjattu maitotuotos väheni. Oh-
ran käsittely lisäsi merkitsevästi maidon valkuaispi-
toisuutta, mutta ei vaikuttanut valkuaistuotokseen.
Rypsi lisäsi säilörehun syöntiä, maitotuotosta, mai-
don valkuaispitoisuutta sekä kaikkien maidon kom-
ponenttien tuotosta. Rypsin suojauskäsittely ei lisän-
nyt tuotosta käsittelemättömään rypsiin verrattuna,
vaikka ohutsuolesta imeytyvän valkuaisen laskennal-
linen saanti lisääntyi vähentyneen valkuaisen pötsi-
hajoavuuden seurauksena. Tulokset osoittavat, että
rehun valkuaisarvon määrittäminen pelkästään nai-
lonpussimenetelmällä määritettyyn pötsihajoavuuteen
johtaa rehun valkuaisarvon yliarviointiin.

412

AGRICULTURAL AND FOOD SCIENCE IN FINLAND


