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ABSTRACT : A review of present understanding of the dietary nutrient utilization in ruminant animals is presented. For 
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INTRODUCTION

The ruminant production in the world faces an 
environmental challenges. As we know, ruminant's 
nutrient metabolism and efficiency of conversion of 
dietary nutrients into animal products is an inefficient 
process, leading to uneconomic use of some dietary 
parts and a substantial contribution to environmental 
pollution. The environmental concern has stimulated an 
effort to develop some techniques for increasing the 
utilization of dietary nutrients and reducing 
environmental contamination, which is called as a 
green nutritional technique. To reduce this environ
mental pollution, we need a better understanding of 
why inefficiencies in dietary nutrient utilizations occur, 
and what ways to improve those utilizations. This 
paper will attempt to analyze the present understanding 
of the dietary nutrient utilizations in ruminant animals 
and introduce some recent advances in this field made 
by our laboratory.

DIETARY PROTEIN UTILIZATION

Nitrogen pollution of the environment will become 
more important in the future. Animal production will 
be called upon to do its part to minimize excessive 
nitrogen output in animal excreta. Meanwhile, protein 
is a costly item in ruminant diets; therefore, 
maximizing the efficiency of dietary protein utilization 
is very important. It is realized that ruminants have 
lower efficiency of conversion of dietary nitrogen into 
animal products. For example, between 20 and 50% of 
the daily N intake in forage-fed cattle may be released 
into the environment, and estimates of the costs from 
this waste approach 5 billion annually (Russell, 1993). 

Even in the high yielding dairy cow less than 20% of 
ingested protein is converted into saleable products 
(MacRae, 1996). Why the ruminant animals have 
lower dietary nitrogen efficiency involves several 
aspects in their digestion and metabolism processes.

Firstly, the asynchrony of release of dietary protein 
degradation products and energy to the conversion into 
microbial protein is an important cause, For example, 
fresh herbages have highly soluble proteins, which 
results in a rapid release of ammonia from dietary 
proteins degradation and exceeding the rate of release 
of energy mainly from structural carbohydrates. 
Therefore, a substantial proportions of the dietary 
protein are lost as ammonia absorption from the 
rumen, the rates of microbial protein synthesis and the 
availability of amino acids for tissue metabolism are 
reduced, and finally the amount of N excreted in the 
urine is increased.

Secondly, the marginal efficiency of protein 
retention per unit extra protein absorbed by niminants 
is lower than by pigs (MacRca, 1996). The reasons 
for the low efficiency in ruminants are not yet fully 
understood; but two possible reasons are: (1) a large 
proportion of the absorbed amino acid distributes to 
splanchnic tissues and (2) There is a relatively poor 
retention of synthesized protein by muscle. Macrea and 
Lobley (1991) identified wool and certain gastro
intestinal tract secretions as having the potential to 
create limiting amino acids situations for other tissues 
under certain condition. This is one of possible 
contributors to the inefficiency of absorbed amino 
acids.

Thirdly, the detoxification of the substantial amount 
of ammonia absorbed from the rumen in the liver not 
only requires more energy costs, but also can lead to 
increased amino acids catabolism, because in 
ureagenesis one of the two N atoms can come directly 
from the condensation of ammonia with bicarbonate, 
via carbamolyl phosphate, the another N has to come 
from aspartate.

Fourth, there is a large turnover of the endogenous 
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proteins in the gastrointestinal tract of ruminants. 
Compared with nonruminants, turnover and lost 
amounts of the endogenous proteins are much greater 
(Lu, 1994). This may also cause lower efficiency of 
dietary protein in ruminants.

In view of those four reasons, there are four ways 
to improve dietary N utilizatisi:

(1) To reach synchrony of release of dietary 
protein degradation products and energy in the rumen 
and to optimize rumen microbial growth.

(2) To maximize P/E (protein/energy) ratio in the 
digesta out rumen and to reduce the loss of the 
endogenous protein in the gastrointestinal tract.

(3) To optimize the amino acid pattern in the 
digest flowed into the duodenum.

(4) To optimize the partitioning of nutrients into 
products.

Urea slow release technique
In our laboratory, Gaomin et al. (1995) studied on 

effects of expanded urea-com starch complex (ECUSE) 
on N utilization in growing-finishing sheep. The results 
are shown in table 1.

The results in table 1 showed that use of ECUSE, 
a urea slow release product, could reduce the urea 
degradation to ammonia and increase rumen microbial 
protein production and retained N amount as well as 
dietary N utilization by 38.8%, 77.3% and 81.9%, 
respectively. The conclusion we arrived at was that the 
urea slow release product resulted in the much lower 
N excretion in urine and faces of sheep.

Optimum amino acid pattern
If there is an optimum amino acid pattern in 

ruminant animals has been a dispute point in the field 
of animal nutrition. Most evidences were from dairy 
cows, but there was little yet know in sheep. Wang 
(1998) infused amino acid solutions with Afferent AA 
profiles into the duodenum of the sheep. After the 
infusion the amino acid profiles in the digest at the 
duodenum of the sheep in 3 groups became 3 
different AA patterns, i.e., patterns for rumen

Table 1. Effects of ECUSE on N Utilization in 
growing-finishing sheep

Control group 
(Basic diet1)

Treatment 
2 group 

(Basic diet 
+ECUSE)

N intake (g/d) 15.41 15.02
Fecal N output (g/d) 6.61a 5.87b
Urinary N output (g/d) 6.16a 4.47b
Retained N (g/d) 2.64a 4.68b
Retained N/N intake (%) 17.13a 31.16b
Retained absorbed N (%) 30.06a 51.15b
Rumen microbial N 2.60a 3.61b
production (g/d)
The composition of basic diet was (%): hays (64.61), 
ground com (24.49), soybean meal (2.89), linseed meal 
(2,89), wheat Bran (1.15), urea+ground com (3.83) and 
Na2SO4 (0.14).

2 In the treatment group, urea+ground com (1:3) in the 
basic diet was replaced by ECUSE, which contained 75% 
ground com and 25% urea and had expanding treatment 
after add of some N slow release agent.

microbial protein and for casein and modified muscle 
protein AA pattern. Compered with muscle protein, the 
modified muscle protein AA pattern had higher 
methionine (+50%), Arginine (+20%) and threonine 
(+10%). The results in table 2 showed that there were 
significant effect of different duodenal AA patterns on 
urine nitrogen excretion (p=0.05), retained N (p=0.04) 
and daily body gains (p=0.05), compared modified AA 
pattern treatment with other two AA patterns 
treatments, and the modified AA pattern treatment had 
the highest value. Glycine/other amino acids ratio in 
plasma was decreased significantly for modified AA 
pattern treatment. Also, it was found that RNA/DNA 
concentration in the liver was elevated significantly for 
modified AA pattern treatment. Meanwhile, a urea N 
and insulin concentrations in plasma were also 
improved by modified AA pattern treatment. To 
synthesize the all results obtained, It was concluded

Table 2. Effect of duodenal amino acid pattern on nitrogen balance, body gain and glycine/other amino acids 
ratio in plasma as well as RNA/DNA concentration in the liver of the sheep

Urinary N (g/d) 
Retained N (g/d) 
Daily body gains (g/d) 
Glycine/other AAs 
Plasma urea (mg/dl) 
Plasma insulin (“IU/ml)
Liver RNA/DNA
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that the modified muscle AA pattern was an ideal 
digestible amino acid pattern for growing sheep. The 
pattern was presented in table 3.

held views about protein 
animals and to develop 

rumen microbial growth rate 
the efficiency of dietary N

currently 
ruminant 

improving 
and then

Peptide production and absorption in the rumen
As we knows, absorption of peptides from the 

forestomachs has been reported (Webb et al., 1992, 
1993; koeln et al., 1993). The forestomachs region of 
the gastrointestinal tract may be an important site of 
peptide absorption. The knowledge about peptide 
absorption in general and peptide absorption from the 
forestomachs and duodenum in particular may change 
some of the 
utilization in 
techniques for 
and efficiency 
retention by the ruminant animal. Cheng (2000) 
studied on dynamics of production degradation, 
absorption, outflow and microbial uptake of oligo
peptides in the rumen of sheep by using a pulse- 
continuous infusion of different peptides solution under 
once every two hours feeding conditions. Some results 
obtained are shown in table 4.

The data in table 4 indicate that the principle 
productions of soybean, com and rumen liquid 
peptides are 3402.48, 2163.60, 5333.30 mgN/d, 
respectively; among them, com peptides have the 
lowest value and rumen liquid peptides the highest 
one. It was also found that the absorption of peptides 
from different sources in the rumen of sheep was 

within the range of 211.44-330.96 mgN/d (6.21-9.77% 
as principle production %), which means the peptides 
absorbed from the rumen are an unneglectable part of 
dietary N compounds. A more thorough understanding 
of what impact the knowledge of peptide absorption 
may have on ruminant N metabolism awaits further 
experimentation.

ENERGY UTILIZATION

In comparison with monogastric animals, ruminant 
animals have lower efficiency of dietary energy 
utilization (table 5).

Several aspects in digestion and metabolism 
in the inefficiency for processes are involved

ruminants. They are:
Energy Losses in rumen
Inefficiency of acetate

fermentation.
utilization, particularly in 

fermentation mode with acetate type in the rumen.
Imbalance of glycogenic, aminogenic and lipogenic 

nutrients in the duodenum digesta or in the absorbed 
nutrient supply.

The portal drained viscera (digestive tract, spleen 
and pancreas) tissues cost too much available energy, 
which was estimated to account for 15% of the ME 
(Lindsay, 1993).

Poor utilization of low quality roughages, which 
occupy the most part of ruminant diets.

Mitigation of methane emissions

Table 3. Comparision of the ideal amino acid patterns proposed by different researchers (as lysine %)
Amino acids pattern (as lysine %)

T MetLys 丄+cys Thr His Arg Leu lieu Vai Phe Tip

Wang (1998) 100 39.37 76.17 40.51 72.25 157.54 81.47 104.75 81.02 12.94
MaCame and Widdowson (1978) 100 39.77 46.94 32.65 62.24 73.47 46.94 48.98 39.78 13.27
Fraser et al. (1991) 100 46.38 55.34 38.04 49.94 128.83 71.29 85.15 63.69 17.91
Storm and 0rskov (1983) 100 42.39 63.04 22.83 57.61 86.96 63.04 63.04 57.61 16.30
Note: Wang (1988) - Modified muscle protein AA pattern; McCanc and Widdowson (1978) - muscle protein AA pattern;
Fraser et al (1991) - Casein AA pattern; Storm and 0rskov (1983) - rumen microbial protein AA pattern.

Table 4. Dynamics of production, degradation, absorption, outflow and microbial uptake of different
oligopeptides in the rumen of sheep

Peptides source
Soybean peptides Com peptides Rumen liquid peptides
mg/N % mg/N % mg/N %

Degredated peptides (1) 2035.68 59.83 968.88 44.78 3134.42 58.77
Absorbed peptides (2) 273.84 8.05 211.44 9.77 330.96 6.21
Outflowed peptides (3) 574.44 16.09 544.80 25.18 565.68 10.61
Microbial uptake of peptides (4) 545.52 16.03 438.48 20.27 1302.24 24.41
Principle production of 3402.48 100.00 2163.60 100.00 5333.30 100.00
peptides (l)+(2)+(3)+(4)
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Table 5. Comparison of efficiencies of dietary energy 
utilization in swine with in ruminant animals fed a 
common practical diet

Swine Ruminants
ME (as DE%) 75-90 50-87
ME utilization for production (%)
for body gains 75-80 30-62
for lactation 75-80 40-75

(Church and Pond, 1982)

Methane is of environmental concern with respect 
to global warming, and also results in a loss of feed 
energy to the animal. It was estimated that cattle 
produced 73% of the livestock methane emissions, 
water buffalo 10%, sheep and goats 12%, camels and 
swine about 1% each and horses and donkeys about 
2% (Johnson et al., 1996). The data in table 6 
indicate that the estimated livestock gastrointestinal 
methane emissions in China make up about 10% of 
the world total value.

Reducing ruminant gastrointestinal methane 
emissions requires a comprehensive technique. Some 
common strategies are listed in table 7.

Metabolizable glucose (MG)
The limitation of current feeding systems based on 

measurement of energy metab이ism is that DE or ME 
is not a nutrient per se, but the sum of a number of 
processes resulting in the assimilation of specific 
energy yielding nutrients. Today many nutritionists 
have recognized the need for feeding systems based 
on a clearer understanding of the role of specific 
absorbed nutrients and their metab이ism in determining 
productive responses of farm animals (Reynolds, 2000). 
The nutrients for metabolism arise from the products

Table 6. Estimated gastrointestinal methane emissions 
by livestock in China in 1997

Species Head (x 104)
Annual methane 

emissions 
(kg/animal)*

Total 
emission (Tg)

Cattle 1411 35 4.90
Sheep 1343.6 5 0.67
Goats 1679.6 5 0.84
Swine 4664.7 1 0.47
Horses 906 18 0.16
Total - - 7.04
* Data from Leng (1993)

of rumen fermentation and digestion of bypass 
nutrients and endogenous secretions, and from 
mobilized body tissues. The interrelationships among 
these sources are shown in figure 1.

The evidence from trails proved that there was an 
optimum ratio of synthesis energy (C3+C6 energy) in 
ME supply for ruminant animals (0rskov, 1980). For 
example the ratio for lambs are 9.9-24.2%, for steers 
9.9-23.2%, for dairy cows 9.9-39.0%. Therefore, there 
is a possibility to manipulate the ratio for improving 
efficiency of dietary energy utilization. To hit the 
taT응et, we must develop a new index to evaluate the 
animaFs glucose requirement and the relative feed 
characteristics. For this purpose, in 1996 Lu De-xun 
proposed a new technical term called metabolisable 
glucose (MG) (Sun Hai-zhou, 1999). It is defined as 
the total glucose available to the animal for 
metabolism after digestion and absorption of the feed 
in the animal1 s digestive tract. MG has two 
components:

Glucose synthesized in the liver by propionic acid 
produced by the activities of the rumen microbes 
(Symbolized by POEG).

Table 7. Methane mitigation strategies for ruminant animals*

Strategies Technology availaility Capital requirements Methane reduction
■ (per unit of product)

Feeding processing
Alkali/annnonia straw Current Low >10%
Chopping straws Current Low >10%
Rice straw wrap Proposed Low/medium 느 10%

Strategic supplementation
Molasses urea blocks Current Low <40%
Blocks plus escape protein Current Low/medium <60%
Mineral, protein supplements Current Low 5-10%

Nutritional manipulators
Defaunation Future Low <25%
Bovine somatotropin Current Low 10%
Anabolic implants Partial Low 5-10%
Methane inhibitors** Current Low 6-14%
After Johnson et al. (1996); ** The data were provided by our labotorary.
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Dietary Body tissue Rumen fermentation Bypass nutrients

Figure 1. Origin of principal metabolites in ruminants (Leng, 1987)

Glucose provided by bypass starch and digested 
and absorbed in the lower intestines of the animal 
(Symbolized by BSEG).

According to the definition, MG (g/d)=POEG+ 
BSEG=0.09Ki XPr+0.9K2 XBS

Where, Pr: pripionic acid production (mM/d), BS: 
bypass starch (g/d)

Based on the new term, Sun (1999) Studied on 
dietary starch digestion, absorption and utilization and 
effects of different infusion levels of starch into the 
duodenum and on effects of different dietary MG/MP 
ratio on glucose nutrition of growing-finishing sheep 
fitted with permanent cannuals in the rumen and at 
the proximal duodenum and terminal ileum and with 
carotid artery, jugular vein, mesenteric and portal 
venous catheters. In Sun's Ph. D thesis, he is the first 
person to determine the dietary MG value in 
growing-finishing sheep, and found that there was an 
optimum requirement for MG (131.6 g/d, under 1.1 M 
basic dietary condition). It was also found that there 
was significant correlation between dietary MG value 
(X) and total Liver glucose entry (Y). The regression 
formula is: Y=-11.71 + 1.18X (『=0.9782, n=20, p<0.01)

This finding could be helpful to manipulate the 
ratio of C3+C6 energy in ME supply for better 
efficiency of dietary energy utilization. The MG term 
system has great potential to improve the current 
feeding system and to establish new feeding system 
for ruminants.

Improving utilization of low quality roughages
The potential of crop by-products as a feed 

resource for ruminants is being increasingly 
appreciated. So for, attention has been drawn to the 
considerable effort that has been directed towards 
improving the feeding values of crop by-products and 
other low quality roughages though a variety of 
processing. Obviously pretreatment processing can 
improve their feeding value by increasing its digestible 
energy content and/or by increasing feed intake, but 
all these pretreatment processing never can remove all 

of the important nutritional limitations to fermentation 
of low quality roughage by the rumen microbial 
population or limitations to metabolism in the tissues 
of the host animal. A great deal of evidence showed 
the optimal improvement of the feeding value of low

Figure 2. A Schematic outline of the intergrative 
nutritional manipulation technique for improving the 
utilization of low quality roughages
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quality roughages was only achieved with integrative 
manipulation technique (Preston and Leng, 1987; Lu, 
1992). These multi-techniques are a kind of integrated 
and systematic one and focus attention on the 4 main 
aspects: increasing roughage intake; stimulating 
roughage DM fermentation in the rumen; optimizing 
the balances between absorbed nutrients; using 
nutritional status monitoring techniques (figure 2).

As shown in figure 2, a combination of 4 types of 
techniques is used in this technical programme. It is 
called as P plus 3M techniques, where P stands for 
roughage processing; Ml - nutritional manipulation 
through strategic supplementation; M2 - nutritional 
managements, such as controlling feed particle size, 
optimizing feeding regime and using green forage as a 
catalytic supplement etc; M3 - nutritional status 
monitoring which is much helpful to design 
supplementation strategy and to control the affectivity 
of the whole technical programme.

10 mature withers were used to study the effects 
of integrative nutritional manipulation (INM) technique 
on nutrient utilization of ammoniated wheat straw 
(Gao et 시., 1991). The results shown on table 8 
indicated that 3.46, 4.74, 7.04, 3.05, 4.08 unit 
increases in digestibilities of OM, CP, CF, NDF and 
ADF for the diet based on ammomated wheat straw 
treated by INM technique were found, compared with 
for the control diet based on ammoniated wheat straw 
only. Utilization of the animals was increased from 
35.33% in the control group to 42.92% in INM group 
with 2.35 g more daily N retention (p<0.05). Daily 
body gains of the animals in INM group were higher 
and the feed conversion was improved, too.

MINERAL UTILIZATION

In recent years, there has been increased 
environmental concern about the excretion of minerals 
by animals. In practice, there is not only excessive 
supplementation of minerals, but also the imbalance 
between dietary minerals for ruminants. Excessive 
mineral supplementation may cause a number of 
problems. The provision of minerals beyond the needs

Table 8. Effects of INM technique on nutrient 
utilization of the diets based on ammoniated wheat 
straw

INM 
technique Control

Digestibility (%)
DM 65.18 土 1.72心 61.72±1.40
CP 67.57 ±2.03** 62.83 ±1.96
CF 64.68 ±1.84** 57.64 ±2.56
NDF 63.76 ±2.40* 60.18±1.80
ADF 55.80±2.22* 51.76±2.50

N retention (g/d) 8.49* 6.14 '
N utilization 63.54 56.22

(as digestible N%) 
Daily body gains (g/d) 83.3 (128) 73.8 (100)
Feed/body gain 10.2 11.8

* p<0.05; ** p<0.01.

of an animal is economically wasteful and reduces the 
efficiency of mineral utilization and thus increases 
mineral excretion in feces and urine. The balance 
between dietary minerals is also an important factor 
affecting mineral utilization.

From an environmental standpoint, there are two 
ways both to optimize ruminant production and 
mineral losses in feces and urine. They are: (1) to 
refine current animal's miner시 requirements; (2) to 
improve bioavailability of some dietary mineral 
sources.

Recently there has been considerable interest in use 
of organic trace minerals in ruminant diets. In our 
laboratory, Wang et al. (1998) studied on use of 
ZnMet in growing -finishing sheep feeding. The results 
in table 9 showed that ZnMet could significantly 
improve the bioavailability of dietary Zn and Zn 
retention and reduce fecal Zn excretion in the sheep.

CONCIUSION

For increasing the utilization of dietary nutrients 
and reducing environmental contamination, the 

Table 9. Effects of feeding ZnMet chelate on Zn utilization in growing-finishing sheep
Treatment

Control ZnO+methionine ZnMet chelate
Zn intake (mg/d) 33.33 土 2.10 43.37 ±3.06 ' 48.39 ±0.55
Fecal Zn output (mg/d) 22.59±3.32 29.88±3.35 29.41 ±2.25
(as Zn intake%) 67.78 68.90 40.78
Urinary Zn Output 2.31 ±0.69 1.69 ±0.34 2.40 ±0.62
(as Zn intake%) 6.93 3.90 4.96
Zn absorption (%) • 32.39±7.45a 31.44±3.25 더 39.21 ±4.89 더
Zn retention (mg/d) 8.44 ±1.20 11.90±0.15 16.58±0.13
(as Zn intake %) 25.57±8.11a 27.47 ±2.40a 34.27 ± 4. llb
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nutritional manipulation has big potential. Settling at 
this specific goal, the development of the green 
nutritional techniques will likely increase in the future. 
Here, an emphasis is required that the first principle 
for designing and using these techniques must lie in 
synergism among the techniques. Until now, such 
nutritional technique has been in a stage for 
development of each individual technique. There are 
needs to carry out more research works before 
application of an integrative and systematic technique 
in ruminant production.
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