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TÓM TẮT 
Tổng số 42 bò lai hướng sữa F1 (Holstein Friesian x bò vàng Việt nam) đang vắt sữa tuần thứ 8 

đã được sử dụng trong 2 thí nghiệm (TN) nhằm đánh giá ảnh hưởng của tỷ lệ thức ăn (TĂ) tinh và cỏ 
voi trong khẩu phần đến năng suất, chất lượng sữa, phục hồi thể trạng và thời gian động dục lại sau 
đẻ. Bò thí nghiệm được cho ăn khẩu phần có tỷ lệ 40, 50 và 60% TĂ tinh dựa trên vật chất khô (VCK). 
Ở TN1 bò được ăn cố định tỷ lệ TĂ tinh và thô, ở TN2 bò được ăn cố định tỷ lệ TĂ tinh còn cỏ voi ăn 
tự do. Lượng TĂ ăn vào không khác nhau giữa các TN. Có sự khác nhau về năng suất sữa giữa lô 
40% và 60% TĂ tinh ở TN1 và giữa tất cả các lô ở TN2. Tăng tỷ lệ TĂ tinh trong khẩu phần đã làm tăng 
phục hồi cơ thể bò, tăng tỷ lệ protein và giảm tỷ lệ mỡ sữa. Năng lượng tiêu tốn cho sản xuất 1 kg 
sữa không khác nhau giữa các lô TN cũng như không có sự khác nhau giữa các lô về thời gian động 
dục lại sau đẻ. Chi phí thức ăn bao gồm cả tăng khối lượng phục hồi cơ thể thấp nhất ở lô 60% cỏ voi. 
Cho ăn cỏ voi tự do làm tăng VCK ăn vào và năng suất sữa so với cho ăn cố định. Có thể kết luận 
rằng, tăng tỷ lệ TĂ tinh trong khẩu phần đã dẫn đến tăng khối lượng phục hồi cơ thể, năng suất sữa, 
tăng tỷ lệ protein và giảm tỷ lệ mỡ sữa. Đề nghị áp dụng tỷ lệ 40% TĂ tinh trong khẩu phần và phương 
thức cho ăn cỏ tự do trong sản xuất.        

Từ khóa: Bò lai, chất lượng sữa, động dục lại sau đẻ, năng suất, thay đổi khối lượng, tỷ lệ thức 
ăn tinh:cỏ voi. 

SUMMARY 
A total of 42 crossbred cows F1 (Holstein Friesian X Vietnamese local Yellow) in the 8th week of 

lactation were used in two experiments to evaluate the effects of concentrate and elephant grass 
(Pennisetum purpureum) ratios on milk production, body weight change and postpartum oestrus. In 
each experiment, animals were divided into three groups using a randomized block design. 
Experimental cows were given 40, 50 and 60% concentrate based on DM of diet. Cows were given 
constant ratios of concentrate and elephant grass in experiment 1 and ad libitum elephant grass in 
experiment 2. The DM intake was not significantly different between treatments. Daily milk yield was 
significantly different between the treatments 40 and 60% concentrate in experiment 1 and between all 
treatments in experiment 2. Increased concentrate ratios in the diet resulted in increased body weight 
gain and milk protein content, while milk fat decreased. The energy conversion per kg milk produced 
was not different between treatments. No significant effect on postpartum oestrus was observed. The 
feed cost including body weight gain was lowest for the 60% grass treatment. The ad libitum grass 
feeding increased DM feed intake and milk yield compared to constant grass feeding. It is concluded 
that increased ratios of concentrate resulted in increasing body weight gain, milk yield, and milk 
protein and decreasing milk fat. The ratio of 40% concentrate and ad libitum grass feeding is 
recommended. 

Key words: Body weight change, crossbred cows, concentrate: elephant grass ratio, milk yield, 
milk composition, postpartum oestrus. 



Effects of concentrate and elephant grass ratio on milk yield, milk composition, body weight change ...     

112 

1. INTRODUCTION  
Milk production is the result of the interaction 

between genotype and environment, and is thus 
determined by the genetic potential of the cow, her 
nutrition and her state of health. Nutrition is an 
important factor that enables the dairy cow to reach 
its genetic potential (Chamberlain and Wilkinson, 
1996). The milk yield of a lactating cow has a 
direct relationship to energy input above 
maintenance requirement. The optimal feeding 
strategy will improve milk production and 
economic efficiency. Traditionally rations for dairy 
cows have been formulated to meet nutrient 
requirements within her voluntary food intake 
limits. The intake limiting characteristics of diets, 
such as bulk density, digestibility, rate of digestion, 
rumination time, total mastication time and passage 
of digesta from the ruminoreticulum are related to 
fibre content of the diet and forage:concentrate 
ratio (Bines and Davey, 1970; Beauchemin and 
Buchanan-Smith, 1989).  

The ratio of concentrates to forage is 
considered to be important in diet formulation, as it 
affects intake, milk yield and milk composition 
(Oldham and Sutton, 1979). Several authors have 
shown a positive relationship between ratio of 
concentrate and DM feed intake, digestibility and 
milk yield. Castro et al. (1991) reported a positive 
relationship between ratio of concentrate in the diet 
and digestibility of DM and OM. Increased 
proportion of concentrates in the diet also increased 
DM and metabolisable energy intake (Moseley et 
al., 1976; Steen and Kilpatrick, 2000). Following 
an increase of concentrate ratio, milk yield was 
shown to increase (Macleod et al., 1983; Raab, 
1994; Gonda et al., 1996). High levels of 
concentrate in the diet also resulted in decreased 
milk fat content and increased milk protein content 
(Grieve, 1976; Randby, 1996).  

On many dairy farms, the ratio of compound 
feed in the diet for dairy cows has become rather 
high due to the lack of forage (Lap, 1996; Tuan, 
2000), resulting in high feed cost per unit of milk 
produced while the price of milk being fixed, 
regardless of milk composition. This study aimed to 
investigate the effects of different ratios of elephant 
grass forage and concentrate at restricted or ad 
libitum forage feeding on milk yield, milk 
composition, body weight change and postpartum 
oestrus of crossbred lactating cows as a part of the 

wider objective of improving the biological 
knowledge of dairy cow feeding in order to be able 
to realize the profit potential of milk production 
through better rationing and improved efficiency of 
production on dairy farms.  

2. MATERIALS AND METHODS 
2.1. Experimental design and ratio of concentrate  
        to roughage  

A total of 42 crossbred F1 cows (Holstein 
Friesian x Vietnamese Local Yellow) in the 8th 
week of lactation, with a body weight of about 400 
kg and lactation number from three to five, were 
used in two experiments (24 cows in experiment 1 
and 18 cows for experiment 2). In each experiment, 
the cows were divided into 3 groups with 8 cows 
per group in experiment 1 and 6 cows per group in 
experiment 2, using a randomized block design 
according to the milk yield of the previous eight 
weeks. The entire experimental period was 16 
weeks, from week 9 to week 24 of lactation.  

The feeding standards were based on the 
National Research Council, USA, 
recommendations (NRC, 1988): for maintenance: 
0.56 MJ metabolisable energy (ME) and 3.5 g 
crude protein (CP) per 1 kg BW0.75, and 16 g Ca, 11 
g P for a 400 kg cow; for milk production: 5.19 MJ 
ME, 90 g CP, 3.21 g Ca and 1.98 g P per 1 kg fat 
corrected milk (FCM) produced; for weight gain: 
35.77 MJ ME and 320 g CP per 1 kg weight gain, 
for weight loss: -34.52 MJ ME and -320 g CP per 1 
kg weight loss. 

The ration was formulated based on body 
weight and daily milk yield at the beginning of the 
experiment (8th week of lactation). The cows in 
the two experiments were given different ratios of 
elephant grass forage (Pennisetum purpureum) 
and concentrate: 60:40 (60F), 50:50 (50F) and 
40:60 (40F) based on dry matter (DM). In 
experiment 1 (Fc), all cows were given constant 
amount of DM throughout the entire experiment 
with the three constant ratios of elephant grass and 
concentrate. In experiment 2 (Fa), the cows were 
given constant amounts of concentrate at three 
levels as in experiment 1 and elephant grass ad 
libitum. The condition for ad libitum was that the 
residues should never be less than 10% of the 
amount given. The experimental schedules are 
shown in Table 1.  
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Table 1. The ratio (%) of elephant grass forage (F) and concentrate (C) in the two experiments 

Treatment Number of  animals Ratio of concentrate Ratio of elephant grass 
Experiment 1 24 constant Constant 
60Fc 8 40 60 
50Fc 8 50 50 
40Fc 8 60 40 
Experiment 2 18 constant ad lib. 
60Fa 6 40 ad lib. 
50Fa 6 50 ad lib. 
40Fa 6 60 ad lib. 

Fc: constant forage ratio within treatment 
         Fa: ad libitum forage 

2.2. Feeds and feeding  
The concentrates included compound feed and 

brewers’ grains. The compound feed, which was 
mixed every two weeks, consisted of rice bran 
(50%), cassava meal (20%), maize bran (15%) and 
groundnut cake (15%). A mineral premix was 
added at a level of 1%. Wet brewers’ grains was 
supplied daily by a local beer factory. Fresh 
elephant grass at 50-60 days was cut and supplied 
to the barn once in the morning. The chemical 
composition and nutritive value of the feeds are 
shown in Table 2. 

Fresh elephant grass was chopped and given 3 
times daily at 09:00, 13:00 and 19:00h, while 
concentrate was given twice daily during milking. 
Water was available at all times in a water trough, 
which was cleaned every day.  

2.3. Farm conditions and animal management  
The research farm is situated outside Hanoi 

City, where monthly mean temperature ranges from 
15.7-29.5oC, relative humidity 81-87% and rainfall 
1800-2000 mm per year. The cows were kept in a 
concrete barn and separated from their calves. They 
were tied up and fed individually indoors with daily 
exercise in a small area for a few hours during 
cleaning time. They were hand milked twice daily 
at 04:00-06:00 and 16:00-18:00h. 

2.4. Data collection and sample analysis 
Milk yield was recorded at every milking and 

milk composition was analyzed every 2 weeks. 
Cow body weight was taken every 4 weeks in the 
morning before feeding. Postpartum oestrus was 
checked daily by visual observation and recorded. 
Data for individual animals on daily milk yield, 
daily feed intake, milk composition, body weight 
and postpartum interval to first oestrus were 
collected. Feed conversions, rate of yield decrease 
were calculated. 

The feeds were weighed at every feeding and 
feed refusals were weighed daily in the morning 
before the next feed was given. Grass, compound 
feed and brewers’ grains composition was analysed 
every 2 weeks. For elephant grass, the chemical 
composition and nutritive values of grass given and 
refusals were analyzed separately and the intake 
calculated.  

2.5. Chemical analysis  
Proximate parameters were analyzed by 

standard methods of the Association of Official 
Analytical Chemists (AOAC, 1990). Dry matter 
(DM) was determined by oven drying at 100-105 
oC for 6-8 hours, total nitrogen (N) by the Kjeldahl 
method and crude protein (CP) calculated from N 
(CP=N*6.25 for feed and CP=N*6.38 for milk), 
ether extract (EE) by the Soxhlet system, crude 
fiber (CF) by the Weende method, and calcium 
(Ca) and phosphorous (P) by procedures of the 
AOAC. Milk fat was analyzed by the Gerber 
method. 

2.6. Statistical analysis 
The data was analyzed by using the General 

Linear Model in MINITAB program release 12.21 
(1998). Analysis of variance was done for all 
parameters. For milk yield, an adjustment was 
made using each cow’s daily milk yield for the 
week before the experiment started (week 8 of 
lactation) as covariate. 

The mathematical model used was: 
                  Yij=μ+bi+fj+εij, 
where: μ is overall mean, bi is effect of ith 

block, fj is effect of ratio of concentrate to roughage 
and εij are errors. 

3. RESULTS AND DISCUSSION 
3.1. Chemical composition of feeds 
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Table 2. Chemical composition (per/kg DM) and nutritive values of feeds in the two experiments 
Mean values and standard deviation (n=8) 

Elephant grass 
Item 

Given grass Refusals Intake 
Brewers’ grains Compound 

Feed 
DM (%) 18.55 ± 0.90 19.51 ± 0.50 18.46 ± 0.90 21.74 ± 1.10 89.62 ± 0.40 
CP (g) 105.50 ± 13.20 37.80 ± 5.10 111.30 ±13.30 309.90 ± 3.80 142.90 ± 4,50 
EE (g) 19.10 ± 3.60 3.90 ± 0.30 20.20 ± 3.30 83.90 ± 1.30 29.00 ± 1.70 
CF (g) 313.10 ± 16.10 465.30 ± 15.40 292.70±23.60 154.80 ± 9.50 81.80 ± 4.60 
NFE (g) 473.80 ± 41.10 391.10 ± 20.50 475.10±41.30 400.00 ± 14.40 677.00 ± 23.80 
Ca (g) 5.20 ± 1.90 4.30 ± 0.30 5.30 ± 1.80 2.90 ± 0.60 15.00 ± 2.30 
P (g) 2.30 ± 0.90 3.10 ± 0.20 2.20 ± 0.90 6.90 ± 1.70 9.30 ± 1.60 
ME (MJ) 8.95 ± 0.50  9.03 ± 0.50 11.48 ± 0.30 11.190 ± 0.20 

 

3.2. Daily feed intake  
There was no difference in total daily DM 

intake, but differences in elephant grass and 
compound feed DM intake between treatments in 
experiment 1 were as planned, while slightly higher 
grass intake was noted at ad libitum feeding in 
experiment 2 (Table 3). In experiment 1, the 
amount and ratios of concentrate and grass were 
constant, thus the feed intake was almost kept at the 
planned level during the experiment with small 
amounts of refusals. In experiment 2, the elephant 
grass intake increased, resulting in reduced ratios of 
concentrate, particularly in the 50Fa and 40Fa cows 
(48.8 and 55.7%) and consequently increased grass 
ratios (51.2 and 44.3%, respectively). Following the 
increase of concentrate ratio, the ME and CP intake 
increased in both experiments and increased more 
in experiment 2 compared to experiment 1. 
Compared to the 60F cows, the ME intake of the 
50F and 40F cows increased 1.9% and 4.2% in 
experiment 1 and 2.9% and 7.3% in experiment 2, 
respectively. The CP intake also increased by 3.8% 
and 8.3% in experiment 1 and 3.6% and 8.4% in 
experiment 2, respectively, for the 50F and 40F 
cows compared to the 60F cows. Due to the 
difference of feeding principles, the DM intake 
increased 4.8, 6.0 and 9.1%, resulting in 4.9, 5.9 
and 8.0% higher ME intake in experiment 2 
compared to experiment 1 for the 60F, 50F and 40F 
cows, respectively. The wet brewers’ grains in all 
treatments constituted 18-22% of the total DM 
weight of the ration. 

At ad libitum grass feeding (experiment 2), the 
daily DM intake increased slightly, and the cows 
selected only the more nutritive parts of the forage, 
this is the same result as reported by Suerez et al. 
(2007). The refusals contained lower CP content 
while the crude fibre content was higher than in the 

grass given. The substitution rate (reduction in 
intake) of the elephant grass was 0.89 kg DM in the 
interval 60F to 50F and 0.64 kg DM in the interval 
50F to 40F per 1.0 kg DM increase of concentrates. 
However, following the increase of concentrate 
ratio, concentration of nutrients per kg DM intake 
as well as the total ME and CP intake increased, as 
also have been shown by Moseley et al. (1976) and 
Mahal et al. (1997) as well as in several other 
investigations. In ad libitum grass feeding, the cows 
had better possibilities of selection, resulting in 
higher grass DM consumption compared to 
constant and limited forage feeding. 

3.3. Milk yield and milk composition 
In experiment 1, there was no difference in 

milk yield between the 60Fc and 50Fc or 50Fc and 
40Fc cows, but there was a difference (p<0.05) 
between the 60Fc and 40Fc cows (Table 4). In 
experiment 2, there were differences in milk yield 
between all 3 treatments (p<0.01). Milk yield of the 
40Fa cows was 5.3 and 9.3% higher than that of the 
50Fa and 60Fa cows. Compared to cows in 
experiment 1, milk yields of the cows in 
experiment 2 were increased by 8.4, 10.7 and 
14.6% for the 60F, 50F and 40F cows, respectively. 
There was a significant difference in the rate of 
milk yield decrease for the 60Fc and 40Fc cows in 
experiment 1 (2.2 and 1.8% per week) and for all 
treatments in experiment 2 (2.1, 2.0 and 1.7% per 
week for the 60Fa, 50Fa and 40Fa cows, 
respectively). The milk fat and protein content were 
not significantly different between treatments. 
However, protein contents increased and fat content 
decreased following the increase of the concentrate 
ratio in both experiments (Figure 1). Regression 
analysis showed that the changes were consistent 
with high R2 value in the two experiments for both 
milk fat and protein. 
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Table 3. Daily feed intake, Least square means and SEM 
Experiment 1 Experiment 2 

Item 
60Fc 50Fc 40Fc SEM 60Fa 50Fa 40Fa SEM 

DM feed intake (kg) 10.34 10.31 10.31 0.22 10.81 10.90 11.23 0.49 
DM elephant grass (kg) 6.14a 5.13b 4.06c 0.10 6.44a 5.57 ab 4.99 b 0.27 
DM brewers’ grains (kg) 2.00 2.11 2.27 0.12 1.98 2.11 2.19 0.19 
DM compound feed (kg) 2.19 a 3.07 b 3.97 c 0.07 2.37 a 3.22 b 4.04 c 0.16 
Ratio of concentrate (%) 40.60 50.20 60.60 1.00 40.40 a 48.80 b 55.70 c 1.10 
Ratio of grass (%) 59.40 49.80 39.40 1.00 59.60 a 51.20 b 44.30 c 1.10 
ME (MJ) 102.50 104.50 106.90 2.40 107.60 110.70 115.50 5.10 
CP (kg) 1.56 1.62 1.69 0.05 1.67 1.73 1.81 0.08 
CF in diet (%) 23.30 21.10 18.90 1.10 22.10 20.40 18.90 1.30 
Ca (g) 92 a 101 ab 111 b 4 96 a 106 ab 116 b 5 
P (g) 47 a 54 ab 61 b 2 49 a 56 ab 63 b 3 
ME/kg DM (MJ) 9.90 10.10 10.40 0.20 10.00 10.20 10.30 0.40 
CP/kg DM (g) 151 157 164 5 155 159 161 7 
DM intake/BW (%) 2.79 2.68 2.64 0.10 2.87 2.81 2.91 0.11 

Fc and Fa are ratios of forage with constant and ad libitum amounts (see Table 1) 
         a,b,c Means in the same row and same experiment with different superscripts differ at p<0.05 

Table 4. Milk yield, milk composition and rate of milk yield decrease, Least square means and SEM      

Experiment 1 Experiment 2 
Item 

60Fc 50Fc 40Fc SEM 60Fa 50Fa 40Fa SEM 
Daily milk yield (kg) 9.08 a 9.23 ab 9.39 b 0.04 9.84 a 10.22 b 10.76 c 0.08 
Rate of decrease (%/week) 2.22 a 2.02 ab 1.80 b 0.01 2.15 a 1.99 b 1.73 c 0.01 
Milk Protein (%) 3.39 3.46 3.48 0.05 3.35 3.38 3.44 0.06 
Milk Fat (%) 4.27 4.18 4.14 0.04 4.28 4.17 4.12 0.06 
Daily milk Fat (g) 388 386 389 21 421 425 441 23 

Fc and Fa are ratios of forage with constant and ad libitum amounts (see Table 1) 
         a,b Means in the same row and same experiment with different superscripts differ at p<0.05 
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Figure 1. Milk protein, milk fat content (%) and regression equations at different concentrate: forage ratios  
 ■  Milk protein (Fc):  Y= 0.0413 x + 3.3646, R2=0.8606 
 ▲ Milk protein (Fa): Y= 0.0492 x + 3.3017, R2=0.9991 
 ♦ Milk fat (Fc):          Y=-0.0681 x + 4.3358, R2=0.955 
 ● Milk fat (Fa):         Y=-0.0750 x + 4.3389, R2=0.9687 
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Increase of concentrate ratio resulted in 
increased daily milk yield due to the increase in 
ME and CP intake. It is widely recognized that 
increases in the fiber content of diets, brought about 
by increasing either the proportion of roughage in 
mixed diets or the fiber content of all-forage diets, 
causes a decrease in the digestibility of most 
components of the diet except the fiber itself, the 
digestibility of which usually increases with 
increasing proportions of roughages in mixed diets 
(Broster et al. 1981). The increase in milk yield 
between treatments was higher in experiment 2 
with ad libitum grass feeding, resulting in higher 
grass DM intake compared to the cows in 
experiment 1. A similar trend was observed in 
another experiment when cows were fed natural 
grasses and concentrate with ratios of 30:70, 50:50 
and 70:30 (Sanh et al., 2001). These results are 
supported by several other authors, who also have 
shown a positive relationship between ratio of 
concentrate and milk yield. Macleod et al. (1983) 
found that with ratios of roughage:concentrates 
from 80:20 to 35:65, daily milk yield increased 
from 20.80 to 23.40 kg. Okine et al. (1997) studied 
ratios of roughage to concentrate of 65:35 and 
50:50, with the sources of roughage being lucerne 
or bromegrass silage, and found that diets with 50% 
concentrate increased milk and FCM yields by 11 
and 14%, respectively. Singh et al. (1972) as well 
as Gonda et al. (1996) also found in their studies 
significant increases in milk yield with increased 
amount of concentrate. 

The composition of milk was not significantly 
different, but strong tendencies towards increased 
protein content and decreased fat content followed 
the increase of the concentrate ratio in the two 
experiments. In Figure 1 the regression equations 
indicate that the milk protein and fat content are 
affected by ratios of concentrate and grass in the 
ration, of which the fat content is more affected 
than protein content. This is supported by Chalupa 
and Sniffen, (2000), who also found that milk 
components can be altered through ration 
formulation and milk fat was easier to change than 
protein. Such changes in milk composition are 
related to high ratios of concentrate in the diet 
(Castro et al., 1991). The ratio of milk fat:protein 
content would be an indicator of milk 
compositional changes in response to diet because 
milk fat and protein content often respond in 
opposite directions to dietary perturbations (Grieve 
et al., 1986). It is known that milk fat content is 
increased by acetate, butyrate and long chain fatty 
acids but decreased by propionate and glucose. 

High levels of concentrate in the diet increased 
production of propionate and reduced ratios of 
acetate:propionate, resulting in a decreased 
mammary synthesis of fat and thus decreased milk 
fat content (Sutton, 1989; Randby, 1996). In 
agreement with these results, Emery (1978) stated 
that feeding lactating cows diets with less fibre 
resulted in increased milk protein due to increase of 
propionate relative to acetate. Gruber et al. (1991) 
reported that with 0, 25 and 50% concentrate in the 
diets, milk fat concentration was 4.3, 4.2 and 4.1% 
and milk protein concentration was 3.0, 3.2 and 
3.4%, respectively. Malossini et al. (1995) found 
that the milk protein content was highest with the 
highest level of concentrate. Feeding cows with 
different ratios of natural grasses and concentrate, 
Sanh et al. (2001) obtained similar results, in that 
there was no significant difference in milk 
composition between the ratios of 30C:70F and 
50C:50F, while a significant difference in milk fat 
between the ratios 70:30 and 30:70 was observed.  

3.4. Body weight change and postpartum oestrus 
The cows on all treatments increased in body 

weight during the whole experimental period 
(Figures 2 and 3). Mean body weights at the start of 
the experiments were 368 kg and 371 kg for cows 
on Fc and Fa experiment, respectively. The weight 
gain increased more at higher concentrate ratios in 
both experiments. The difference between the 50F 
and 40F cows was not statistically significant, 
while the differences to the 60F cows were 
significant in both experiments (p<0.05). The body 
weight gain of the 50F and 40F cows was 6-7 
kg/month, while the 60F cows increased by 4-5 
kg/month.  

The 40F cows in this study had the highest 
body weight gain, followed by the 50F and then 
60F cows in both experiments. It can be explained 
by the fact that the 40F cows got the highest, and 
the 60F cows the lowest ME and CP intakes, as 
well as a possible increase in the production of 
propionic acid when feeding more concentrate with 
lower fibre content. Some authors have also 
reported a positive correlation between weight gain 
and ratio of concentrate in the diets. Macleod et al. 
(1983) as well as Sporndly (1986) concluded that 
changing from high to medium or low ratio of 
roughage to concentrate, significantly increased 
both fat corrected milk yield and live weight gain. 
However, Mahal et al. (1997) reported no 
differences in live weight changes for 
forage:concentrate ratios of 50:50, 60:40 and 70:30. 
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Figure 2. Body weight gain of the cows on different concentrate: 

forage ratios in the constant forage feeding experiment (Fc) 
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Figure 3. Body weight gain of the cows on different forage: 
Concentrate ratio in the ad libitum forage feeding experiment (Fa) 

Table 5. Total feed intake, milk yield, body weight gain and calculated feed conversion in the whole 
experimental period, Least square means and SEM 

Experiment 1 Experiment 2 Item 
60Fc 50Fc 40Fc SEM 60Fa 50Fa 40Fa SEM 

Total DM intake (kg) 1,158 1,155 1,156 52 1,210 1,221 1,258 54 
Total ME intake (MJ) 11,490 11,710 11,980 534 12,050 12,400 12,940 571 
Total CP intake (kg) 175 181. 189 8 187 194 203 9 
Total milk produced (kg) 1,016 a 1,034 ab 1,056 b 5 1,102 1,144 1,205 10 
Body weight gain (kg) 19 a 25 b 28 b 1 17 a 24 b 27 b 1 
ME for BW change (MJ) 695 a 893 b 1,005 c 31 607 a 873 b 976 b 36 
CP for BW change (kg) 6.20 a 8.00 b 9.00 c 0.20 5.40 a 7.80 b 8.70 b 0.30 
ME maintenance (MJ) 5,150 5,350 5,440 153 5,230 5,390 5,320 156 
CP maintenance (kg) 33.20 33.50 34.00 1.00 35.10 32.90 33.20 1.00 
ME for milk prod.(MJ) 5,630 5,460 5,540 535 6,210 6,140 6,640 569 
CP for milk prod. (kg) 134 138 145 8 146 151 159 9 
ME/kg milk produced (MJ) 5.57 5.21 5.31 0.31 5.57 5.25 5.46 0.27 
CP/kg milk produced (g) 134 134 140 11 133 132 132 10 

 Fc and Fa are ratios of forage with constant and ad libitum amounts (see Table 1) 
          a,b,c Means in the same row and same experiment with different superscripts differ at p<0.05 
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No difference in the interval of the first 
postpartum oestrus was observed between 
treatments in the two experiments. The first oestrus 
after calving was 121-133 days for the Fc cows and 
118-128 days for the Fa cows. Similar results were 
observed by Lap, (1996) and Dat, (1998), who 
reported an average calving interval of crossbred 
F1 cows of 440-450 days, which is considerably 
longer than the potential interval of the cows in this 
study. 

3.5. Feed conversion  
The calculated ME conversion per kg milk 

produced was not significantly different between 
the treatments in the two experiments (Table 5). 
The concentrate:forage ratio of 50:50 had a 
tendency to the lowest ME consumption per kg 
milk produced in both experiments.  

Feed conversion in terms of ME and CP intake 
per kg milk produced was not different between 
groups in both experiments. The calculated ME 
conversion of the range 5.2 to 5.6 MJ per kg milk 
produced were similar to other data reported by Ty 
and Ly, (1981); Anh et al., (1983) and Dat, (1998) 
for crossbred F1 (Holstein Friesian x Local) cows. 

Due to the difference between feeding 
systems, the ad libitum grass fed cows had better 
possibilities of selection. The cows consumed most 
of the top parts of the grass, which has low CF and 
high CP, EE and NFE values, while refusals were 
mainly the hard parts of the stem, which has high 
CF and low CP, EE and NFE values. The DM, ME 
and CP intakes of the ad libitum grass fed cows 
increased, resulting in increased milk yields 
compared to the constant grass fed cows, which 
simulated a total mixed ration situation.  

4. CONCLUSIONS 
The increased ratios of concentrate resulted in 

increased milk yield, body weight gain of the cows 
and milk protein content, but decreased milk fat 
content. No significant effect of grass and 
concentrate ratio on postpartum oestrus was 
observed. Feed conversion was not different 
between ratios. The ratio of 50:50 grass to 
concentrate is good in terms of milk yield, body 
weight gain and feed conversion. Ad libitum grass 
feeding increased feed intake and milk yield. 
Elephant grass is a good source of fodder and wet 
brewers’ grains can be used as a protein supplement 
for dairy cows. The ratio of 60:40 grass to 

concentrate with ad libitum grass feeding can be 
recommended for dairy farms in urban areas. 
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