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ABSTRACT
Twelve multiparous Polish Red-and-White cows, were assigned to two-factorial (2x2) arrangement of treatments, in a balanced changeover design, involving two levels of dietary protein (PDI: 100
vs 85% of the INRA requirement) and two levels of ruminally-protected DL-methionine (Smartamine™M: 0 vs 20 g/d). The cows were in wk 8-12 of lactation and were fed a mixed diet with grass silage
and concentrates representing 50 and 50% of the dietary DM, respectively. The four combinations of
treatments were: 100% PDI (0 g Met), 100% PDI (+20 g Met), 85% PDI (0 g Met) and 85% PDI (+20
g Met). The calculated intestinal concentrations of lysine and methionine (% PDI) were: 6.91 and
1.79, 6.88 and 2.27, 6.88 and 1.87, 6.84 and 2.42, respectively. Dry matter and net energy (UFL)
intakes were similar across the treatments. Crude protein, PDIN and PDIE intakes were significantly
(P<0.001) higher in cows fed the 100% PDI diets, as compared to those fed the 85% PDI diets. Milk
and 4% FCM yields and the efficiency of milk production were not significantly different. Milk fat,
lactose, and SNF contents did not respond to the treatments. Feeding the 100% PDI diets compared
to the 85%) PDI ones increased significantly (P<0.05) milk protein yield (from 0.67 to 0.76 kg/d).
Milk NPN and urea concentrations were significantly (P<0.001) decreased, and the relative concentration of milk protein N (% of total N) was significantly (P<0.05) increased in milk from cows fed the
85% PDI diets compared to the 100% PDI diets. No effects of methionine supplementation and no
interactions between dietary protein intakes and supplemental methionine levels on the variables
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addressed in this study were detected. It is concluded that supplementing ruminally-protected methionine to grass silage-based diets did not result in any apparent changes in lactational responses,
regardless of the protein status of these cows, thus indicating that methionine is not the first limiting
amino acid in these diets.
KEY WORDS: dairy cow, grass silage, protein level, protected methionine, milk yield, milk composition

INTRODUCTION
The use of nutritional strategies to improve the composition and quality of
food products of animal origin (e.g. milk) is a relatively new approach that has
emerged at the interface of animal science, food science and human nutrition. In
this context, increasing milk protein yield and content, has received particular
attention. Generally, two major approaches, i.e. genetic and nutritional (Kenelly
and Glimm, 1998), are currently applied to alter milk composition. However, genetic methods are not capable of responding to short-term changes in human
consumption patterns of milk components. On the other hand, nutritional manipulation of milk composition brings immediate changes in the amounts of milk components, including milk protein (Murphy and O'Mara, 1993). Several major nutritional strategies are currently available, including: increasing dietary energy and
protein intake and feeding protected amino acids, at least L-lysine and DL-methionine, to dairy cows. The latter has been shown to be the most effective means
of maximising milk protein yield and content (Rulquin, 1992; Schwab, 1995) and
minimising the amount of excess N that the cow must excrete (Dinn et al., 1998).
These beneficial effects, resulting mainly from the optimisation of amino acid
profile available for absorption in the small intestine, were demonstrated both in
dairy cows fed maize silage-based diets, and to a lesser extent in dairy cows
offered grass silage-based diets (Sloan, 1997; Xu et al., 1998; Younge et al.,
2001).
Since increasing dietary protein intake leads inevitably to increased nitrogen
excretion and has a negative environmental impact, the subject of the present
studies was to determine milk protein responses of dairy cows fed standard grass
silage-based diets (-18 vs -14% CP), formulated to supply adequate or inadequate amounts of protein digestible in the small intestine (PDI); equivalent of
-100 and -85% of the INRA (1989) recommended amounts. In addition, we
examined the hypothesis that balancing postruminal amino acid supply with protected DL-methionine, would allow for the reduction of dietary protein (PDI)
intake, below the recommended level, without adversely affecting milk protein
responses of the cows.
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MATERIAL AND METHODS
Cows and management
Twelve muciparous Red-and White cows (body weight 600 ± 30 kg), in their
second or third lactation, were randomly assigned to the experiment, 8-12 weeks
post-calving. Their average pre-experimental milk yields were 25 ± 4 kg/d. The
animals were fed and milked twice daily at 05.30 and 06.00 and 17.30 and 18.00,
respectively. They were fed and housed individually in the tie-stall barn.
Design and treatments
A two-factorial (2x2) experiment, involving twelve cows fed two levels of
dietary protein (adequate vs inadequate) and two levels of ruminally-protected
DL-methionine (Smartamine™M), was arranged as a balanced two-period changeover design (Gill and Magee, 1976), with two 21-d experimental periods. It was
based on six Latin squares of size 2. In each square one treatment was followed by
one of the three remaining treatments. As a result 12 animals were required when
two animals were used in each Latin square. Consequently, there were six replications of each treatment. This kind of completely balanced design limits the possible
carry-over effects.
Diets and feeding
The basal experimental diets (Table 1) consisted of wilted grass silage (50%
DM) and concentrates (50% DM). They were formulated and fed to provide 100%
of net lactational energy (UFL; 1UFL = 1700 kcal NE ). At the same time, they
were designed either to provide adequate (-100% PDI) or inadequate (-85% PDI)
amount of protein to the cows, as protein truly digested in the small intestine (PDI),
required for maintenance and lactation according to the INRA (1989) recommendations. In addition, the cows were given two levels of ruminally-protected
DL-methionine (Smartamine™M: 0 vs 20 g/d). Smartamine™M (70% DL-methionine) was a commercial product obtained from Rhone-Poulenc Animal Nutrition
(Poland). The amino acid supplement was mixed with a small amount of wheat
bran, then top-dressed, and fed to cows according to the design.
Concentrations of UFL and PDI were based on the tabulated values of the
INRA (1989) system, whereas lysine and methionine in the sum of total AA passing to the small intestine (i.e. PDI) were calculated using an amino acid profiling
method described elsewhere (Rulquin et al., 1998).
The diet was offered in two equal parts. Water and mineralized salt licks were
available daily.
L
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TABLE 1
1

Ingredients, nutrient contents (% DM ) and nutritive value of experimental diets
Adequate diet
(-100% PDI)

Inadequate diet
(-85% PDI)

Ingredients
grass silage
concentrate

50
50

50
50

Chemical composition
dry matter, % of fresh matter
organic matter
crude protein
ether extract
crude fibre
NDF
ADF
Ca
P

33.1
91.0
17.7
4.6
17.8
40.0
26.5
0.60
0.51

33.0
91.4
14.4
4.8
17.5
40.9
26.1
0.58
0.50

0.97
99
113
6.91
1.79

0.97
86
89
6.88
1.87

S p e C l f l C a t l 0 n

Nutritive value
UFLVkg D M
PDI (E) , g/kg D M
PDI (N) , g/kg D M
LysDI % PDI
MetDI % PDI
5

5

6

6

1

2

3

4

2

3

diets were supplemented (100 g/cow/d) with a commercial mineral-vitamin mixture „Kuh-Gold2000" (Polskie Sano, Poland)
contained (% DM): ground barley - 70, soyabean meal - 25, wheat bran - 1, sodium bicarbonate - 2,
dicalcium phosphate - 1, NaCl - 1
contained (% DM): ground barley - 92, soyabean meal - 3, wheat bran - 1 , sodium bicarbonate - 2,
dicalcium phosphate - 1, and sodium chloride - 1
1UFL = 1700 kcal N E (INRA, 1989)
protein truly digested in the small intestine. The PDI(E) was calculated from the amount of energy
and the PDI(N) from the amount of N available in the rumen for microbial protein synthesis (INRA,
1989)
absorbable Lys and Met, % of PDI
L

5

6

Measurements, sample collection, and preparation
For the third week of each 21-d experimental period, the amounts of feed offered and refused were recorded daily, and their representative samples were taken for determination of D M in a forced-air oven at 80°C for 48 h. They were
composited to form weekly samples for each cow for further analyses. Milk yields
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were recorded daily at each milking, and milk samples taken during the 5 d periods
indicated above were assayed for protein, fat and lactose content, by infrared analysis, using a Milkoscan 133B (Foss Electric, Denmark). Moreover, on d 3 of the
sampling period samples from a.m. and p.m. milkings were composited according
to yield and analysed for N fractions.
Analytical procedures
Gross composition of feeds offered and refused was determined on dried (100°C,
24 h) and ground (Cyclotec™; Tecator, Sweden) samples, according to the standard AOAC procedures (1995). NDF and ADF were analysed using the methods
of Goering and Van Soest (1970).
Milk total N , NPN, and noncasein N were determined as described by Hurtaud
et al. (1993). Casein N was calculated as the difference between total N and
noncasein N, and true protein N as the difference between total N and NPN. Urea
in milk was determined according to Roseler et al. (1993), using a colorimetric
diacetyl monoxime procedure (Sigma Diagnostics, No 535; Sigma-Aldrich, Poland).
Statistical analysis
The data obtained were analysed by ANOVA for a balanced two-period changeover design (Gill and Magee, 1976), using the general linear models procedure of
SAS (1985). The model employed for statistical analysis was as follows:
Y.. =

\i

t

ijk

r

+ C. + P. + T. + R
I

j

k

ijk

v
7

where: |Li = general mean, C. = cow effect, P. = period effect, T = treatment
effect, and E. = experimental error. All data are expressed and presented throughout
the text as least square means. Differences were considered to be significant at
P<0.05, unless otherwise indicated.
k

jk

RESULTS
The dry matter intake averaged 15.2 kg (Table 2) and was not significantly
different across the treatments. As derived from calculations based on dry matter
intake and 4% FCM yield, the experimental diets did not fully meet energy (NE )
requirements of the cows. Nonetheless, at the average energy supply of 15.5 UFL,
the average energy deficit was 1.5 UFL and differences between treatments were
insignificant. Derived as above, the actual amounts of PDI supplied by the experimental diets covered 102.0 and 87.5% of the INRA (1989) recommended PDI
requirement. The restriction of dietary protein was apparently reflected by highly
L

SE - standard error of LSM
*** P<0.001

1

6.91
1.79

- 1.7
20

Energy and protein balance
energy balance, UFL
protein balance, g PDI

Digestible amino acids
LysDI, % PDI
MetDI, % PDI

15.5
2733
1543
1718

15.1

6.88
2.27

- 1.1
48

16.4
2967
1599
1844

16.1

6.88
1.87

-2.0
-225

14.9
2104
1269
1273

14.8

Og/d

6.84
2.42

- 1.2
- 142

15.1
2113
1282
1285

14.9

20g/d

protected Met

20g/d

protected Met

Og/d

Inadequate (-85% PDI)

Diet

Adequate (-100% PDI)

Energy and protein supply:
UFL/d
CP, g/d
PDI (E), g/d
PDI (N), g/d

D M intake, kg/d

Specification

-

NS

NS
***
***
***

NS

PDI

-

NS
NS

NS
NS
NS
NS

NS

Met

Effect

-

NS
NS

NS
NS
NS
NS

NS

PDIxMet

-

0.6
61

0.6
112
72
78

0.6

SE

TABLE 2
Least square means for D M intake, energy and protein supply and balance in cows fed varying amounts of dietary protein (PDI) and ruminally
protected DL-methionine (Smartamine™ M )
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significant (P<0.001) differences in total protein, PDIE and PDIN intakes between
the cows fed the adequate (-100% PDI) and the inadequate (-85% PDI) amount
of dietary protein. Consequently, highly significant (P<0.001) differences in the
PDI balance (PDI intake - PDI requirement; see INRA, 1989 for details) between
these cows were observed. For the former cows the average PDI balance was
+34 g/d and for the latter the PDI balance was negative, averaging -183 g/d. Available lysine concentrations (LysDI % PDI), derived using amino acid profiling method (Rulquin et al., 1998), were similar among the treatments, whereas those of
available methionine (MetDI % PDI) were increased in diets supplemented with
ruminally protected methionine (Smartamine™ M ; 20 g/d), as planned.
Generally, no apparent lactational responses of dairy cows to dietary treatments
were found (Table 3). Average milk yield, 4% FCM yield and the efficiency of milk
production were not significantly affected. Nevertheless, the milk and 4% FCM
yield tended to be increased in the cows fed high-protein vs low-protein diets (averaging 24.5 vs 23.1 kg/d and 23.2 vs 21.7 kg/d, respectively). Milk fat, lactose, and
SNF content and their yield in milk did not respond to the treatments. At the same
time, feeding restricted amounts of protein (-85%) PDI), causing the negative PDI
balance, resulted in a significantly (PO.05) decreased average milk protein yield
(0.76 vs 0.67 kg/d). There were no significant effects of protected methionine
(Smartamine™ M ; 20 g/d) on lactational responses of the cows.
Feeding restricted amounts of dietary protein resulted in significant changes in
milk nitrogen (N) fractions (Table 4). Highly significant (PO.001) decreases in
non-protein N and urea N fractions were apparent. Consequently, the above changes
led to significant (PO.05) increases in the relative concentration of protein N expressed in total N. At the same time, milk N fractions did not respond significantly
to methionine supplementation.
The interactions between dietary protein (PDI) intakes and supplemental ruminally-protected methionine levels on the studied variables were insignificant.

DISCUSSION
The objective of the present study was to describe the productive responses in
lactating dairy cows fed grass silage based-diets. The diets were formulated to provide adequate or inadequate amounts of protein digestible in the small intestine (PDI:
-100 vs -85% of INRA recommendations), without or with ruminally-protected
DL-metionine supplementation (Smartamine™ M:0 vs 20 g/d). Since no interactions
between the levels of dietary protein intake and supplemental ruminally-protected
DL-methionine were detected, only effects of main treatments will be discussed.
Generally, dry matter and net energy (UFL) intakes were comparable and
unaffected significantly by the treatments (Table 2). However, these variables

0.91
0.77
1.20
2.14

0.91
0.68
1.12
1.96

3.84
2.95
4.78
8.43

3

2

0.85
0.69
1.09
1.94

3.70
3.07
4.81
8.60

22.8
20.9
1.51

23.3
22.4
1.57

SE - standard error of LSM
efficiency of milk production: milk yield (kg/d)/ D M intake (kg/d)
P=0.09
* P<0.05

1

0.99
0.75
1.15
2.07

Yield of milk componets, kg/d
fat
protein
lactose
SNF

3.78
3.06
4.77
8.52

3.84
3.16
4.81
8.68

Milk composition, %
fat
protein
lactose
SNF

2

25.1
23.5
1.56

23.8
23.0
1.58

Milk yield, kg/d
4% FCM yield, kg/d
EMP

20 g/d

0g/d

protected Met

protected Met
20 g/d

Inadequate (-85% PDI)

Adequate (~ 100% PDI)

Og/d

Specification

Diet

NS
NS

*

NS

NS
NS
NS
NS

NS
NS
NS

PDI

3

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS

Met

Effect

NS
NS
NS
NS

NS
NS
NS
NS

NS
NS
NS

PDIxMet

1

0.04
0.03
0.05
0.09

0.12
0.07
0.04
0.07

1.1
1.5
0.06

SE

TABLE 3
Least square means for yields of milk and milk components from cows fed varying amounts of dietary protein (PDI) and ruminally protected
DL-methionine (Smartamine™ M)

SE - standard error of LSM
* P<0.05, *** P<0.001

1

Urea N, mg/dL

Protein N/total N , %
Casein N/total N , %

Total N, g/L
Protein N, g/L
Casein N, g/L
Whey N, g/L
NPN, g/L

Specification

9.84

94.2
76.5

4.95
4.66
3.79
0.87
0.29

10.80

93.9
76.9

4.78
4.49
3.68
0.82
0.29

20 g/d

4.26

95.0
76.6

4.71
4.47
3.61
0.86
0.24

0g/d

4.29

95.2
77.5

4.75
4.52
3.68
0.84
0.23

20 g/d

protected Met

protected Met

Og/d

Inadequate (-85% PDI)

Adequate (-100% PDI)

Diet

***

NS

*

NS
NS
NS
NS
**#

PDI

NS

NS
NS

NS
NS
NS
NS
NS

Met

Effect

NS

NS
NS

NS
NS
NS
NS
NS

PDIxMet

0.94

0.2
0.7

0.1
0.1
0.1
0.0
0.0

1

SE

TABLE 4
Least square means for N fractions in milk from cows fed varying amounts of dietary protein (PDI) and ruminally protected DL-methionine
(Smartamine™ M )
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tended to be higher when cows were fed the - 1 0 0 % P D I diet, compared with
cows fed the - 8 5 % P D I diet. The positive effect o f high-protein vs low-protein
diets on dry matter intake in dairy cows has been noted earlier by several authors
(Rulquin et al., 1994; Piepenbrink et al., 1996). In contrast, no such effects were
observed by Christensen et al. (1994) when cows were offered either 17.5 or
14.2% CP diets. The finding that dry matter and net energy intakes were unaffected by protected amino acid supplementation, in cows fed grass silage-based
diets, agrees w i t h earlier results (Robert etal., 1994; Sloan, 1997; Pisulewski and
Kowalski, 1999a,b; Younge et al., 2001). Similarly, postruminal (abomasal) in
fusions o f lysine or methionine did not affect the above measurements (Varvikko
et al., 1999). As could be expected, restricting the amount o f soyabean meal in
the concentrate (from 25 to 3%; Table 1), induced highly significant (P<0.001)
decreases in total protein, PDI(E) and PDI(N) intakes. Consequently, the negative protein balance in dairy cows fed the inadequate - 8 5 % P D I diet was on
average - 183 g/d. O f more interest are the concentrations o f absorbable Lys and
Met in total absorbable amino acids (i.e. PDI), calculated as described by Rulquin et al. (1998). It should be noted that absorbable Lys concentrations, averaging 6.88% P D I , were uniform across the treatments and only slightly below the
optimum value established to be 7.30% P D I (Rulquin et al., 1993). A t the same
time, the low concentrations o f absorbable methionine in unsupplemented diets
were largely increased by the addition o f ruminally-protected DL-methionine.
Still, they did not reach the optimum concentration o f 2.50 M e t D I % PDI (Rulquin et al., 1993).
The observed changes in m i l k yield responses o f dairy cows were comparable w i t h those derived in similar experiments. Cows fed the -100%) PDI diet
tended to have higher m i l k and 4% F C M yields than cows fed the - 8 5 % P D I
diet (Table 3). These slight increases could be induced by substantially higher
protein ( P D I ) intakes in cows fed the - 1 0 0 % P D I diet (1571 vs 1275 g PDI/d).
Since there were no significant differences among treatments in the energy
supply, it is likely that a part o f dietary protein was used as a glucose precursor
thus resulting in improved glucose supply. Such responses to increased protein
intakes were reported previously (Rulquin et al., 1994; Piepenbrink et al., 1996).
However, i n the experiment reported by Christensen et al. (1994), increasing
dietary crude protein level from 14.2 to 17.5%, did not alter m i l k production in
dairy cows. The absence o f m i l k yield responses to protected amino acids is in
line w i t h the results o f Robert at al. (1994), Sloan (1997), Pisulewski and K o walski (1999a,b), and recently Younge et al. (2001). Equally, m i l k yield was
unaffected by postruminal infusions o f lysine or methionine (Varvikko et al.,
1999). The only exception is the report indicating that in early lactation, protected lysine and methionine supplements increased m i l k yield in cows fed grass
silage-based diets ( X u et al., 1998).
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The absence of any significant changes in milk composition was unexpected
(Table 3). In comparable experiments, except that of Christensen et al. (1994),
increasing dietary protein produced significant increases in milk protein content
(Rulquin, 1992; Rulquin et al., 1994; Piepenbrinketal., 1996). The same was true
for feeding protected amino acids (lysine, methionine or both) (Rulquin, 1992;
Rulquin et al., 1994; Robert et al., 1994; Chillard et al., 1995; Piepenbrink et al.,
1996; Xu et al., 1998; Younge et al., 2001). However, in some trials, milk protein
concentration responses to protected methionine as the only supplemental amino
acid were less convincing (Pisulewski and Kowalski, 1999b; Younge et al., 2001).
These inconsistent results may be explained in terms of the insufficient supply of
the colimiting lysine. Indeed, in studies using diets where lysine supply was adequate, methionine alone gave significantly higher milk protein concentration (Robert
et al., 1994; Chilliard et al., 1995; Pisulewski et al., 1996). At the same time,
neither lysine nor methionine were limiting for milk protein concentration in cows
offered a grass silage-based diet (Varvikko et al., 1999). Significant (PO.05)
increases in milk protein yield, in cows fed the -100% PDI diet, resulted only
from the apparent trend for increased milk yield (Table 3). In other studies, increasing dietary protein resulted in both, increased milk yield and milk protein
content (Rulquin, 1992; Rulquin etal., 1994; Piepenbrink et al., 1996). In contrast
to our findings (Table 3), feeding ruminally-protected lysine, methionine or both
(associated with increased milk protein content) brings usually improvements in
milk protein yield (Rulquin, 1992; Robert etal., 1994; Rulquin etal., 1994; Chillard
et al., 1995; Pisulewski et al., 1996). As could be expected (see above), this
effect was not observed by Varvikko et al. (1999).
The detected changes in milk N fractions (Table 4) were clearly indicative of
inadequate dietary protein (PDI) supply at the -85% PDI level. Highly significant (PO.001) reduction in NPN and urea concentrations and significantly
(PO.05) increased protein N: total N ratio in milk of cows fed the -85%> PDI diet
were anticipated as resulting from restricted protein supply. Moreover, in contrast to the 100% PDI diet, the -85% PDI diet did not supply an excess of PDIN
(Table 2). The parallel decreases in milk NPN and urea fractions reflected the
role of urea as the major component of NPN in milk (dePeters and Cant, 1992).
Similar decreases in milk NPN and increased protein N: total N ratio in milk, in
cows fed low-protein vs high-protein diets were also observed by Christensen et
al. (1994). In contrast, in studies of Piepenbrink et al. (1996), decreasing dietary
crude protein level from 18 to 14%> did not affect milk NPN nor protein N: total N
ratio in milk. The absence of responses to ruminally-protected methionine (Table 4)
was unexpected. Feeding ruminally-protected lysine and methionine to cows
resulted usually in increased true protein and casein fractions in milk and was a
common feature of several studies (Rulquin, 1992; Christensen et al., 1994; Robert et al., 1994; Piepenbrink et al., 1996; Xu et al., 1998; Younge et a l , 2001).
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Nonetheless, the above effects were not demonstrated in cows fed grass silage
and cereal concentrate diets (Pisulewski and Kowalski, 1999a,b). Likewise, neither lysine nor methionine increased casein fraction in milk of cows fed a grass
silage-based diet (Varvikko et al., 1999).
Overall, the protein status of the experimental cows fed either the -100 or
-85% PDI diets was induced to be apparently different. At the same time, the
different PDI supply had no effect on the majority of lactational responses of the
animals. The only exception was a significant decrease (P<0.05) in milk protein
yield in cows fed the -85% PDI diet. However, the above results do not invalidate the INRA (1989) PDI standards. Namely, the lack of significant decreases
in the majority of lactational responses, when the cows were fed the -85% PDI
diet, could have resulted from the utilization of body reserves of amino acids; the
feature of short-term experiments. Hence, more probably, apparent decreases in
lactational responses could have been seen in cows fed the ~85%> PDI diet, in a
long-term trial.
At the same time no responses to postruminal supplementation of either diet
with ruminally-protected DL-methionine (Smartamine™M: 0 vs 20 g/d) were detected. Therefore, it seems likely that other amino acids or nutrients might have
been limiting, or colimiting, for synthesis of milk or milk protein. Indeed, a recent
experiment, using dairy cows fed grass silage-based diets, and infused abomasally with graded doses of histidine, lysine and methionine clearly indicated that
histidine was the first limiting amino acid for these cows (Vanhatalo et al., 1999).
Furthermore, neither lysine nor methionine was found to be the second limiting
amino acids in the above studies.

CONCLUSIONS
Supplementing ruminally-protected methionine to grass silage-based diets did
not result in any apparent changes in lactational responses, regardless of the protein
status (100 vs -85%o PDI requirement) of the cows. The lack of decrease in lactational responses when the cows were fed the -85%) PDI diet could have resulted
from the utilization of body reserves of amino acids in this short-term experiment.
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STRESZCZENIE
Wptyw chronionej metioniny na wydajnosc i sklad mleka krow zywionych niskobialkowq
dawkq pokarmow^ z udzialem kiszonki z traw
Doswiadczenie przeprowadzono na 12 krowach wielorodkach rasy czerwono-bialej, w 8-12
tygodniu laktacji, w ukladzie dwuczynnikowym (2x2), zgodnie z zalozeniami zrownowazonego
ukladu przemiennego. Zwierz^ta zywiono dawkami pokarmowymi o zroznicowanej podazy bialka
trawionego w jelicie cienkim (BTJ): 100 lub 85% zapotrzebowania wg INRA, podawanymi bez
dodatku lub z dodatkiem chronionej syntetycznej DL-metioniny (Smartamine™ M : 0 lub 20 g/d).
Dawki pokarmowe zawieraly (% s.m.): kiszonk^ z traw - 50 i mieszank^ pasz tresciwych - 50. Kazda^
z czterech kombinacji czynnikow doswiadczalnych (100% BTJ/0 g Met, 100% BTJ/+20 g Met, 85%
BTJ/0 g Met i 85% BTJ/+20 g Met) badano w szesciu powtorzeniach. Obliczone stQzenia jelitowe
lizyny i metioniny (% BTJ) w dawkach doswiadczalnych wynosily odpowiednio: 6,91 i 1,79; 6,88
i 2,27; 6,88 i 1,87; 6,84 i 2,42.
Nie stwierdzono istotnych roznic w pobraniu s.m. i energii netto (JPM), natomiast pobranie
bialka ogolnego BTJ(N) i BTJ(E) bylo istotnie (P<0,001) wiejcsze przez krowy zywione dawkami
zapewniaja^cymi podaz BTJ w 100%, w porownaniu ze zwierzQtami otrzymuja^cymi dawki zawieraja^ce 85% BTJ. Wydajnosc mleka i efektywnosc jego produkcji nie roznily si$. Zawartosc thiszczu,
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laktozy i suchej masy beztluszczowej w mleku rowniez byla podobna. Podawanie dawek zapewniaja^cych podaz 100% BTJ zwi^kszalo istotnie (P<0,05) wydajnosc bialka mleka (z 0,67 do 0,76 kg/d).
Zawartosc azotu niebialkowego (NPN) i mocznika w mleku istotnie (P<0,001) si$ obnizyry, a wzgl^dna
zawartosc bialka w mleku (% N ogolnego) istotnie (P<0,05) wzrosla, przy skarmianiu dawki o
nizszej zawartosci bialka (85% BTJ). Nie stwierdzono istotnego wplywu podawania Smartamine™
M ani tez istotnych interakcji pomie^dzy ilosciq. bialka w dawce (BTJ) i dodatkiem Smartamine™ M
na badane wskazniki.
Stosowanie w zywieniu krow mlecznych dodatku chronionej metioniny do dawek pokarmowych
opartych na kiszonce z traw i o zroznicowanej zawartosci bialka (100 lub 85% BTJ) nie mialo
wplywu na wydajnosc i sklad mleka, co wskazuje, ze metionina nie byla pierwszym aminokwasem
ograniczaja^cym w warunkach przeprowadzonego doswiadczenia.

