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TÓM TẮT 
Tám bò đực lai Sind được sử dụng trong 1 thí nghiệm kép thiết kế dạng ô vuông latin nhằm đánh 

giá ảnh hưởng của việc bổ sung thức ăn hỗn hợp đến lượng thức ăn ăn vào, tỷ lệ tiêu hóa in vivo và 
khả năng sinh tổng hợp protein vi sinh vật dạ cỏ của bò thịt nuôi khẩu phần cơ sở là cỏ tươi (tính 
theo vật chất khô ở mức 0,25% khối lượng cơ thể) và rơm khô (cho ăn không hạn chế). Bò được phân 
vào 4 lô tương ứng với 4 mức bổ sung thức ăn hỗn hợp khác nhau là 0; 0,60; 1,20 và 1,80% khối 
lượng cơ thể (tính theo vật chất khô). Kết quả cho thấy bổ sung thức ăn hỗn hợp đã làm tăng đáng kể 
(theo hàm tuyến tính) tổng lượng chất khô ăn vào (từ 12,99g/kg khối lượng cơ thể ở khẩu phần 1 lên 
24,74 g/kg khối lượng cơ thể ở khẩu phần 4) và tỷ lệ tiêu hóa chất khô (53,51% ở khẩu phần 1 so với 
63,74% ở khẩu phần 2) nhưng làm giảm tỷ lệ tiêu hóa NDF (từ 62,6% ở khẩu phần 1 xuống 52,1% ở 
khẩu phần 4). Bổ sung thức ăn tinh vào khẩu phần cũng đã làm giảm khả năng thu nhận thức ăn thô 
của bò với hệ số thay thế xác định trong thí nghiệm này là 0,2574. Tổng lượng protein vi sinh vật tổng 
hợp dạ cỏ (MCP) tăng theo dạng tuyến tính với lượng thức ăn tinh bổ sung trong khẩu phần (từ 93,3 
g/ngày ở khẩu phần 1 lên 315,7 g/ngày ở khẩu phần 4; P<0,01). Tuy nhiên hiệu quả sinh tổng hợp 
protein vi sinh vật dạ cỏ (số g MCP/kg chất hữu cơ tiêu hóa) giữa các lô chỉ sai khác ở mức P=0,11.  

Từ khóa: bò thịt, protein vi sinh vật, thức ăn ăn vào, tỷ lệ tiêu hóa. 

SUMMARY 

A double 4x4 Latin Square Design was conducted to investigate effects of concentrate 
supplement on intake, in vivo digestibility and microbial protein production (MCP) by steers fed a 
basal diet of fresh elephant grass (at 0.25% of LW) and rice straw (ad libitum). Eight steers were 
allocated into 4 levels of concentrate supplement: 0, 0.60, 1.20 or 1.80% LW. Results show that 
concentrate supplement significantly and linearly increased DM intake (from 12.99 g/KgW in Diet 1 to 
24.74 g/KgW in Diet 4) and digestibility (53.51% for Diet 1 vs. 63.74% for Diet 4), but decreased NDF 
digestibility (62.6% for Diet 1 vs. 52.1% for Diet 4). Substitution rate for roughage intake was 0.2574. 
Total MCP production linearly increased by concentrate supplement (from 93.3 g/d in Diet 1 to 315.7 
g/d in Diet 4; P<0.01), yet the efficiency of MCP was significant only at P = 0.11. It was concluded that 
concentrate supplement improved total DM intake and digestibility and total MCP, but reduced intake 
and digestibility of NDF. 

Key words: Digestibility, intake, microbial protein, steers, substitution. 
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1. INTRODUCTION  

Vietnam is a growing economy with a GDP 
growth rate averaged approximately 7.5% annually 
over the last decade. The demand for meat is, 
therefore, increasing as consumption of red meet in 
general and beef in particular is on the rise, 
especially after the outbreak of bird flu pandemic. 
However, as a small and populated country with a 
total area of only 326,000 km2, of which only 21% 
is arable land (Ly, 2005), and the population of 80 
millions, the ruminant production in Vietnam is 
characterized by a household-based system in 
which only few animals are kept by a household. 
Cattle are commonly fed diets comprising of 
mainly agro-industrial by products with a small 
percentage of grain. Such a small scale production 
system together with the limited supply of feed 
requires nutritionally-balanced diets to be used if 
the production is to make profit.  

Energy and protein are the major concerns in 
diet formulation. While it is quite simple to 
evaluate ME value of a feed or diet, it is more 
complicated to determine the content of 
metabolisable protein (MP). To determine MP 
value of a feed for ruminants the value of microbial 
protein production in the rumen (MCP) must be 
evaluated. The method recently developed by Chen 
and Gomez (1995), which uses total urinary purine 
derivatives (PD) as indicator of microbial protein 
production in the rumen of ruminants, has made 
estimation of potential MCP content of a feed or 
diet much easier than it used to be. In Vietnam, 
however, the application of this technique in 
ruminant nutrition research is still limited.  

Beef production brings about the main cash 
income to small households in central provinces of 
Vietnam. Pasture and other ruminant feed sources 
in the region, however, are of limit. To improve the 
use of feed for beef production and hence profit for 
the farmers researchers from Victoria Department 
of Primary Industry and Fishery and Hue 
University of Agriculture and Forestry had 
implemented the Project LPS2/2002/078 funded by 
ACIAR in the region. The project participants from 
HUAF had been conducting several experiments to 
determine effects of energy/protein supplements on 
intake, digestibility of the diet and live weight gain 
of beef cattle fed a traditional basal diet of 
natural/Napier grass and rice straw. The current 
experiment was carried out to further investigate 

effects of the level of concentrate in the diet on 
microbial protein production by the steers fed diets 
selected from the above experiments. 

2. MATERIALS AND METHODS 
2.1. Location and experimental design 

The experiment was carried out at the research 
farm of the National Institute of Animal Husbandry 
from March to July, 2007. 

Eight Lai Sind steers (Red Sindhy bull x 
Yellow cow), approximately 18-20 months of age 
and weighing 183 ± 20 kg were used for the 
experiment. The steers were drenched with Facinex 
for the control of internal parasites before the 
commencement of the experiment.  

The animals were randomly allocated into a 
double 4 x 4 Latin Square Design. Each run 
(period), included a 14 day preliminary period and 
a 7 day collection period. Prior to the adaptation 
period of the first runs, the steers were trained in 
the metabolism crates for several days. All steers 
were weighed weekly.  

2.2. Diets and feeding procedure 
All animals were fed on the same basal diet of 

fresh elephant grass (Pennisetum purpureum) 
(offered at a rate of 0.25% W) and rice straw (ad 
libitum). On top of that, a concentrate mixture 
(Table 1) was offered at the rate of 0%, 0.60, 1.20 
and 1.80% W, accordingly to the treatment 1, 2, 3 
and 4 (Table 2). 

The concentrate mixture was prepared in 
batches; each batch was enough for a week use. 
Rice straw was offered unchopped but the fresh 
Napier grass was chopped to 10-15 cm length 
before feeding.  

The animals were fed twice a day at 08.00 and 
16.00. Fresh grass was first given and 
approximately 30 minutes later the concentrate was 
delivered to the animals. Another 30 minutes was 
given to the animals to ingest the concentrate meal 
before rice straw was ad libitum offered. 

2.3. Sampling procedures and measurements 
During the collection period, feeds offered and 

refused were recorded every day and their samples 
were collected daily, stored at 5-8oC, then entirely 
bulked for later DM, CP, OM, and NDF analysis. 
Feces was individually and daily collected, mixed 
and c.a 5% of the total was sampled and stored in a 
deep freezer for later chemical analysis. 
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Table 1. Concentrate composition 

Ingredients Percentage (% DM) 

Rice bran 44,6 

Corn meal 48,9 

Fish meal 3,1 

Urea 2,3 

Salt 1,1 

Table 2. Feed allowance (DM basis) 

 Diet 1 Diet 2 Diet 3 Diet 4 

Rice straw Ad libitum Ad libitum Ad libitum Ad libitum 

Fresh Napier grass1 0.25% W 0.25% W 0.25% W 0.25% W 

Concentrate mixture - 0.60% W 1.20% W 1.80% W 

                       1 Napier grass of 35 day regrowth 

The daily urine output of individual steers was 
measured by total collection into trays, which were 
placed under the crates and covered with aluminum 
filters to stop faecal contamination.  Approximately 
300 ml of a sulphuric acid (H2SO4) solution (1 part 
of concentrated H2SO4 in 3 parts of water) was 
added into individual trays at the start of each daily 
collection to maintain the urine pH below 3.0.  For 
each steer, urine collected over a 24h period was 
mixed and a 5% aliquot was taken and bulked over 
the collection period into a plastic container, then 
stored in a freezer. At the end of each collection 
period, the urine samples was thawed and sub-
sampled for long term storage and subsequently for 
PD analysis. All PD analysis was performed by a 
Spectrophotometer technique (IAEA, 1997). From 
results of PD analysis and total urine output, 
quantity of microbial protein production by the 
steer was estimated using equation of Chen and 
Gomez (1995).  

DM and ash contents were analyzed by 
laboratory standardized procedures and OM content 
was calculated as 100 – ash (%). Nitrogen content 
was measured by Mirco Kjeldahl method. NDF and 
ADF were determined according to Van Soest and 
Wine (1967). 

2.4. Statistical analysis 
The statistical significance of the effects of 

level of concentrate in the diet on each of the 
variables was tested by analysis of variance, with 
terms for animal, run and level of concentrate. The 

effects of level of concentrate were partitioned into 
linear and quadratic components and the highest 
statistically significant (P<0.05) component used as 
the degree of polynomial for illustration of the 
response. Pair wise comparisons between means 
used the protected LSD procedure. The statistical 
package (Genstat, 2007) was used for all analyses.  

3. RESULTS AND DISCUSSION 

3.1. Chemical composition of feed ingredients 
        and diets 

Chemical composition of feed ingredients and 
of the diets was shown in Table 3. 

Since the main purpose of the experiment was 
to investigate effects of the level of concentrate 
supplementation to the diet on intake, digestibility, 
substitution rate and rumen microbial protein 
production, contents of ME and CP varied 
accordingly. As a result, level of CP increased and 
level of NDF decreased as the level of concentrate 
in the diet increased. The lowest level of CP in the 
diet (7.6% DM; Diet 1), however, was higher than 
the minimum level (7%DM) under which feed 
intake is reduced (Poppi and McLennan, 1995). 
Similarly, the lowest level of peNDF (in the diet 4) 
was 33.07% dietary DM (calculated from actual 
NDF intake of roughage origin in the total DM 
intake), substantially higher than the level that can 
reduce intake of the diet (22% dietary DM) 
(Merten, 1997). 
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Table 3. Chemical composition of feed ingredients and of the diets 1 

 
DM 
(%) 

Protein 
(% DM) 

EE 
(% DM) 

NDF 
(% DM) 

ADF 
(% DM) 

Ash 
(% DM) 

Rice straw 89.69 6.82 1.38 75.90 41.20 12.60 

Napier grass2 13.33 13.00 2.02 64.82 34.85 13.54 

Concentrate3 85.91 16.48 6.83 24.45 11.57 8.24 

Diet 1 79.81 7.60 1.47 74.40 39.76 12.71 

Diet 2 81.76 10.43 3.11 59.00 31.08 11.36 

Diet 3 81.92 11.74 3.95 51.37 26.73 10.67 

Diet 4 82.34 12.62 4.48 46.27 23.80 10.16 
1 Composition of the diet was calculated from composition of ingredients and their relative proportion in total 

           intake 
         2 35th day regrowth 
         3 Composition presented in Table 1 

Table 4. Effects of level of concentrate in the diet on intake of dry matter (DMI; kg/head/d  
and g/kg W/d), organic matter (OMI; g/kg W/d), dry matter of roughage (DMIR; kg/head/d), 
Crude protein (CPI; g/head/d), and metabolisable energy (ME; MJ/head/d) and digestibility 

of DM (DMD), OM (OMD) and NDF (NDFD) 

Treatment 
 

Diet 1 Diet 2 Diet 3 Diet 4 
SEM1 LSD2 Significance3 

                  Intake 
DMI (kg/head/d) 2.67 3.57 3.99 4.74 0.097 0.296 L** 
DMI (g/kg W/d) 12.99 18.28 20.53 24.74 0.528 1.602 L** 
OMI 12.30 17.19 19.40 23.38 0.510 1.546 L** 
DMIR (rice straw + Napier grass) 2.67 2.50 2.18 1.99 0.182 0.53 L** 
CPI 204.5 366.8 469.4 581.6    
ME4 19.44 30.6 35.6 42.8    

                  Digestibility 

DMD 53.51 57.50 60.48 63.74 0.869 2.637 ** 
OMD 56.77 60.95 63.49 66.48 0.794 2.407 ** 
NDFD 62.6 57.4 55.1 52.1 2.20 6.68 * 

1 Standard Error of Means 
         2 Least Significant Difference 
         3 L** = linear effect; P<0.01 
         4 Estimated from equation ME (MJ/kg DM) = 0.0157*DOMD (AFRC 1993) in which DOMD was calculated 
            from the present experiment. 

3.2. Effects of concentrate level on intake, in vivo 
       digestibility and substitution rate of roughage 
       components 

The effect of concentrate level in the diet on 
intake and digestibility is presented in Table 3 and 
on substitution rate in Figure 1. Though polynomial 
contrast was applied for analysis of variance of 
means, only linear effect was significant as shown 
in the Table 4. 

Concentrate supplementation had a significant 
effect on intake of total DM and OM as well as 
partial DM from roughage component. The highest 
intake of total DM and OM was recorded in the 
Diet 4 which nearly doubled that of Diet 1 
(control). Intake of CP and ME was proportionately 
increased and that of DM from roughage 
components decreased as the level of concentrate in 
diet increased.  
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Effect of concentarte supplmentation in the diet on 
intake of roughage DM by steers

y = -0,2574x + 2,6942
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Figure 1. Relationship between concentrate level in the diet and intake of 
DM from the roughage component 

In a similar experiment on beef steers, Nguyen 
Xuan Ba et al (2008) also observed similar results 
in which intake of total DM increased and DM 
from roughage component decreased as the level of 
concentrate supplement in the diet increased. The 
improved intake as level of concentrate in the diet 
increased was due to the higher digestibility of 
concentrate component as reported by Masertyo 
(2003) and Dinh Van Tuyen (2005) when medium 
quality hay was supplemented with barley and 
molasses, respectively. 

Data from Table 4 and Figure 1 show that 
concentrate supplementation reduced DM intake 
from roughage. The effect was linear and the 
substitution rate was 0.2574 (R2 = 0.9399; P = 
0.015). This trend agrees with Nguyen Xuan Ba et 
al (2008) that the intake of DM from roughage 
components in the diet was linearly decreased as 
the level of concentrate in the diet increased from 0 
to 1.98% W (at 5 levels of 0, 0.33, 0.66, 1.32, and 
1.98% W). However, in the work of Nguyen Xuan 
Ba et al (2008), supplementation of concentrate in 
the diet at the lowest level (0.33%W) increased 
forage intake, after which DM intake from 
roughages decreased linearly.  

Biologically, concentrate supplementation at 
low levels has positive, but at high level negative, 
effect on intake of roughage component in the diet 
for the ruminants. However, in the present 
experiment the lowest level of supplement was 

0.60% W which might be too high to induce such a 
positive effect. Our results further confirm the 
finding of Nguyen Xuan Ba et al (2008) that intake 
of roughage started to decrease when concentrate 
was offered to the animals at a rate of 0.66% W. 

Roughage substitution has been reported by 
many workers (Doyle et al., 1988; Dixon et al., 
1989; Bolam, 1998; Chakeredza et al., 2001; Royes 
et al., 2001; Masertyo, 2003). However, the values 
in the literature vary greatly, depending on 
characteristics and level of supplements. Galgal 
(1991), for example, observed no substitution effect 
when 0.5% of pangola hay (basal diet) was 
replaced by copra meal. However, at the level of 
1% replacement substitution rate reached a very 
high value (1.5). Masertyo (2003) reported that 
when palm kernel meal was supplemented to 
Rhodes hay-based diet the level of hay intake 
decreased linearly and the substitution rate was 1.4. 
However, supplementation of copra meal at a lower 
rate to a basal diet of Green Panic hay resulted in 
quadratic effect and at much lower substitution rate 
(0.02; 0.13 and 0.25 at the supplementation of 0.5; 
0.75; and 1.0% W, respectively). The substitution 
rate observed in the present experiment was lower 
than the values reported by other workers (e.g. 1.4 
in the work of Marsetyo, 2003 and 1.5 of Galgal, 
1991). This may be due to differences in 
ingredients of basal diets as well as level of 
supplements among the experiments. 
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Table 5. Effects of the level of concentrate in the diet on total microbial protein production 
in the rumen of steers (MCP; g/d and g/kg W/d) and efficiency of MCP (g MCP/kg DOMI)  

Treatment 
 

KP1 KP2 KP3 KP4 
SEM1 LSD2 Significance3 

MCP (g/d) 93.3 219.7 272.4 315.7 29.7 90.0 L** 
MCP (g/kg W/d) 0.57 1.13 1.43 1.56 0.181 0.550 L** 
EMCP 90.6 108.3 124.3 140.7 22.3 67.6 L (0.11) 

1 Standard Error of Means 
         2 Least Significant Difference 
         3 L** = linear effect; P<0.01; NS = non-significant 

Level of concentrate had significant effects on 
in vivo digestibility of the dietary DM, OM and NDF 
(Table 4). Digestibility of DM linearly increased as 
the level of concentrate in the diet increased 
(P<0.01) with the highest value (63.74%) observed 
in steers fed on Diet 4 and the lowest (53.31%) in 
animals fed on Diet 1. Similar results were observed 
on digestibility of OM in which diet with the highest 
level of concentrate supplement had the highest 
digestibility value. The higher digestibility and crude 
protein content of the concentrate component 
explained the higher digestibility of whole diet when 
a higher level of concentrate was included. This was 
also observed in the work of other workers (e.g. 
Marsetyo, 2003; Dinh Van Tuyen, 2005). 
Digestibility of NDF was, on the other hand, 
decreased linearly as the level of concentrate 
increased, which was similar to the reports made by 
other workers (Terry et al., 1969; Marsetyo, 2003; 
Dinh Van Tuyen, 2005). Higher level of concentrate 
in the diet may cause a drop in rumen pH, or a so-
called “carbohydrate effect”, which in turn resulted 
in the depression of ruminal celulolytic bacteria 
(Stewart, 1977; Mould and Orskov, 1983; Mould et 
al., 1983a, b) and hence NDF digestibility.  

3.3. Effect of concentrate level on microbial protein 
       production 

The level of concentrate made significant 
effects on total MCP in linear manner (P<0.01). Diet 
1 had the lowest MCP value (93.3 g/d or 
0.57g/kgW/d) and Diet 4 had the highest value 
(315.7 g/d or 1.56 g/kgW/d; approximately tripled 
value of Diet 1). However, efficiency of MCP 
(EMCP) was not significantly affected by the 
concentrate supplementation at P=0.05. Pooled data 
from all 4 diet resulted in an average EMCP value of 
115.97 g MCP/kg digestible organic matter intake. 

EMCP in this experiment was lower than 
common values found in current feeding standards 

(e.g. 130-170 g MCP/kg DOMI; AFRC, 1992). 
However, a low EMCP was also reported by other 
workers especially when diets of low to medium 
quality hay were used. For example, on steers fed 
medium quality hay and supplemented with 
increasing levels of barley grains (15% CP with 
urea added), Masertyo (2003) found EMCP values 
ranging between 80 (hay alone) and 120 g (hay plus 
1.5%W barley) MCP/kg DOM.  

MCP values found in our experiment support 
the results of Nguyen Xuan Ba et al (2008) on the 
feedlot trial using the similar diets with the same 
levels of concentrate supplementation. In their 
experiment steers offered diet 4 (supplemented with 
concentrate at 1.98% W) had the highest averaged 
daily gain (ADG) and the control diet (Diet 1 with 
no supplement) the lowest ADG value (0.8 kg/d vs. 
0.15 kg/d, respectively). It is clearly that 
supplementation of concentrate to the basal diet of 
fresh Napier grass and rice straw significantly 
increased live weight gain of the steers. This 
increase was substantially due to the higher ME and 
metabolisable protein contents of the concentrate 
supplemented diets. 

4. CONCLUSION 

Supplementation of concentrate to the basal 
diet of fresh Napier grass and rice straw improved 
total DM intake but reduced intake of the roughage 
component. Under the current experimental condition 
(i.e. level of concentrate varied between 0 and 
1.98% W) the substitution rate for roughage intake 
was 0.2574. Concentrate supplementation also 
increased digestibility of DM and OM but 
decreased digestibility of NDF fraction in the diet; 
all in the linear manner. In addition, 
supplementation of concentrate significantly 
improved total MCP by the steers, yet the effect on 
EMCP reached significant level only at P = 0.11. 
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