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Materials and methods
Introduction

Experimental design

L-arginine (ARG) is a functional amino acid
which plays a key role in urea cycle regulation,
hepatic detoxification and protein synthesis.
As a precursor of polyamines and nitric oxide
(NO), ARG could improve nitrogen metabolism, angiogenesis and lactogensis (Morris,
2006; Kim and Wu, 2009). L-arginine supple-

L-arginine with 98.5% purity and NCG with
97% purity were used. Calibrated glass
syringes (Model Fortuna, Häberle Laborte chnik, Lonsee-Ettlenschieß, Germany) were
used as incubators. The ARG or NCG was
added at 0 (control) or 1 mmol/L in triplicate.
The amount of ARG used was based on Sultana
et al. (2003). The same amount of NCG was
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The objective of this experiment was to
determine the degradation of L-arginine (ARG)
and N-carbamoyl glutamate (NCG) and to
examine their effect on rumen fermentation.
Rumen fluids were collected from 3 rumen-fistulated cows and then incubated with ARG or
NCG at 1 mmol/L in a glass syringe system at
39°C for 24 h. The control treatment was given
neither ARG nor NCG. Gas production (GP) was
recorded, and pH at 2, 4, 6, 12, and 24 h was also
determined. At 12 and 24 h, the measurements
were also made for ammonia-nitrogen (N),
volatile fatty acids (VFA) and microbial crude
protein (MCP) yield on purine quantification
basis. At 24 h, the proportion of ARG and NCG
degradation in rumen fluid was 100.0 and
17.8%, respectively. Gas production and the
acetate to propionate ratio increased in groups
treated with ARG and NCG, compared with the
control (P<0.01). Ammonia nitrogen concentration was higher (P<0.01) in the ARG group
than in the NCG and control groups. Microbial
crude protein concentration diminished in ARG
and NCG groups, in comparison with the control (P<0.01). In conclusion, the effects of ARG
and NCG on rumen fermentation were numerically relatively similar. Rapid degradation of
ARG in rumen is a nutritionally wasteful
process. Thus, ARG should be spared from
rumen degradation, while NCG could be fed to
ruminant without need for coating.
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mentation increases milk production in cattle
and growth hormone in sheep (Chew et
al.,1984; Davenport et al., 1990a, 1990b), plasma flow in the portal and hepatic veins in
steers (Maltby et al., 2005), and stimulates the
production of luteinizing hormone in prepubertal ewes (Recabarren et al., 1996).
Recently, injected Arg-HCl has decreased
embryonic loss in ewes (Luther et al., 2008),
increased lamb birth weight in gestationally
nutrient restricted ewes (Lassala et al., 2010),
and improved fetal lamb survival to term in
prolific ewes (Lassala et al., 2011). Deletion of
ARG from a mixture of essential amino acids
proved to be limited for milk protein synthesis
in dairy cows (Doepel and Lapierret, 2011). As
a consequence, supplementation of ARG is
needed to optimize production of ruminants.
However, ARG is rapidly degraded by ruminal
microbes, and its high cost as a feed additive
limits its use in ruminant feeding.
The ARG is a direct allosteric activator of Nacetyl glutamate (NAG) synthase, a mitochondrial enzyme converting glutamate and acetyl
coenzyme A (acetyl-CoA) into NAG, while Ncarbamoyl glutamate (NCG) is a structural
analogue of NAG that is co-factor of carbamoyl
phosphate synthase 1 (CPS1) (Wu and Morris,
1998). The CPS1 is a first rate-limiting enzyme
of the urea cycle (Waterlow, 1999), which is
inactive in the absence of NAG. The ARG can
be synthesized endogenously from glutamate
via pyrroline-5-carboxylate (P5C), ornithine,
citrulline, and argininosuccinate. Therefore,
P5C synthase and NAG synthase are the two
key regulatory enzymes in the intestinal citrulline synthesis (Wu and Morris, 1998). That
is the reason why NCG is also called the ARG
raiser. However, information on rumen degradation of NCG and its effect on rumen fermentation is not available. The purpose of the present study was to determine the rumen degradation of NCG in comparison with ARG, and to
investigate their effect on in vitro rumen fermentation.
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Degradation of L-arginine
and N-carbamoyl glutamate
and their effect on rumen
fermentation in vitro
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used to compare the degradation in rumen
fluid as well as its effects on ruminal fermentation parameters.
At 2, 4, 6, 12, and 24 h, gas production (GP)
was recorded and rumen fluids were sampled
for pH determination and ARG and NCG degradation. For each time point the sampled
syringes were discarded after sampling, and
the remaining ones were still used for incubation. At 12 and 24 h, measurements were also
made for ammonia-nitrogen (N), volatile fatty
acids (VFA) and microbial crude protein
(MCP) yield.

In vitro incubation
The GP was determined according to Menke
and Steingass (1988). About 200 mg substrates
(Chinese wild rye grass and corn at equal
ratio) were weighed into 100-mL glass
syringes fitted with plungers. Syringes in triplicate were filled with 30 mL of medium consisting of 10 mL rumen fluid and 20 mL buffer
solution. This was done anaerobically as
described by Menke and Steingass (1988).
Syringes were incubated in water bath at 39°C
for 24 h. Blanks containing 30 mL of medium

Degradation of N-carbamoyl glutamate

Degradation of L-arginine and Ncarbamoyl glutamate in rumen fluid
The ARG was degraded to almost 100% within 12 h, while NCG was degraded 17.8% within
24 h (Figure 1). The proportions of degradation in rumen fluid at 12 and 24 h incubation
were 99.3 and 100% for ARG, and 14.2 and
17.8% for NCG. The rumen degradation parameters are given in Table 1. The rapidly degradable fraction (a) was low in both ARG and NCG,
but the fraction slowly degraded (b) was 100
for ARG and 16.1 for NCG. The dg value was

e

us
al

Table 1. Rumen degradation parameters and effective degradability of L-arginine and Ncarbamoyl glutamate.

Degradation parameter
a, %
b, %
c, /h
Effective degradability, %
kp=0.05
kp=0.10

ARG

NCG

SEM

P

0.6
100.0
0.146

0.1
16.1
0.329

0.84
20.2
0.0830

0.72
<0.01
0.53

80.0
63.0

14.1
12. 5

14.74
11.49

<0.01
<0.01

-c

Incubated rumen fluid samples were centrifuged at 3000 rpm for 10 min and the supernatant was stored at -4°C until analysis. L-arginine concentration was determined with the
method described by Wang et al. (2008) and calculated against the value in the standard solution. Two hundred µL of each sample were put
into 96 well plates and the absorbance at 500
nm was measured through a spectrophometer
(Spectra Max M5, Molecular Devices LLC,
Sunnyvale, CA, USA). The analysis of NCG in
rumen fluid was carried out according to the
method described by Zhang and Zhu (2007)
using the Dionex ICS-2000 RFIC ion chromatography system (Dionex, Sunnyvale, CA, USA).
The supernatant containing NCG was diluted
with Milli-Q water 500 times (10 mL water plus
20 µL rumen sample), and then injected into the
Dionex ICS-2000 RFIC ion chromatography system (Dionex, Sunnyvale, CA, USA) for the chromatographic determination.

Results and discussion

on

where
a, b and c are the constants as indicated above,
and k is the passage rate.
Fermentable variables were analyzed with

one way analysis of variance (ANOVA) using
the GLM procedure of the statical analysis system SAS (SAS, 1999). Results were subjected
to multiple range tests at P<0.05 and standard
error of means (SEM).
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dg = a + b(c/(c+k))
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Analysis of L-arginine and Ncarbamoyl glutamate in rumen fluid

where
p is proportion of degradation at time t (h);
a is the rapidly degradable fraction in the
rumen;
b is the fraction slowly degraded at rate c
(c>0). Effective degradability (dg) was calculated assuming a passage rate of 5 and 10%/h
(Madsen and Hvelplund, 1985) and using the
formula of Ørskov and McDonald (1979):

ci

The pH value of rumen fluid was determined
immediately after incubation stopped with a
pH meter (Model PB-20, Sartorius AG,
Göttingen, Germany). The ammonia N concentration in rumen fluids was determined by
using the colorimetry (Spectra Max M5,
Molecular Devices LLC, Sunnyvale, CA, USA)
method (Feng and Gao, 1993). To determine
VFA concentration, 1 mL sample was mixed
with 0.2 mL of 8% meta-phosphoric acid and
centrifuged at 20,000 g for 10 min at 4°C.
Then, 0.2 µL supernant was obtained and
injected into gas chromatography (GC-2010,
Shimadzu, Kyoto, Japan) with N gas as a carrier as already applied by Hu et al. (2006). The
MCP concentration was determined on the
basis of purine with the method described by
Makkar and Becker (1999).

p = a + b(1-e(-ct))
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Measurement of in vitro fermentation variables

residual amount in rumen fluid. This data was
then fitted to the model of Ørskov and
McDonald (1979):

m

were included only for calibrating GP from the
rumen fluids. Rumen fluids were collected
from 3 rumen-fistulated dairy cows fed a diet
with the forage to concentrate mixture ratio at
55:45. The diet contained 15.1, 34.4 and 22.1%
dry matter (DM) of crude protein, neutral
detergent fiber and acid detergent fiber,
respectively. Content of net energy for lactation (NEL) was 1.56 Mcal/kgDM.
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ARG, L-arginine; NCG, N-carbamoyl glutamate. a, rapidly degradable fraction in the rumen; b, fraction slowly degraded at rate c (c>0);
kp, passage rate.

Data calculation and statistical
analysis
The proportion of degradation of ARG and
NCG was calculated from their initial and

Figure 1. Degradation of L-arginine and N-carbamoyl glutamate in rumen fluid at different incubation times. Bars are the mean standard error.
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Table 2. Effect of L-arginine and N-carbamoyl glutamate on rumen fermentation at 12
and 24 h incubation period.
P

6.49a
7.0b
26.7b
25.6a
72.7
16.9
11.2
4.73
1.36a

6.54c
9.2a
31.0a
29.5b
70.3
17.2
12.5
4.10
0.83b

6.45b
6.6b
30.7a
30.0b
70.1
18.7
11.2
3.74
0.75b

0.008
0.44
0.63
0.87
0.29
1.10
0.53
0.458
0.024

<0.01
<0.02
<0.01
<0.03
0.43
0.28
0.22
0.37
<0.01

6.47a
11.6a
39.3b
33.7
68.8a
18.7b
12.5a
3.68a
0.96a

6.43c
14.6b
44.3a
35.7
67.9b
19.0b
13.1a
3.58b
0.73b

6.41b
12.5a
43.7a
34.9
68.7a
19.7a
11.6b
3.49b
0.68b

0.005
0.31
0.47
0.61
0.21
0.10
0.19
0.042
0.032

<0.01
<0.01
<0.01
0.14
<0.05
<0.01
<0.01
<0.01
<0.03
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ARG, L-arginine; NCG, N-carbamoyl glutamate; VFA, volatile fatty acids. a,b,c Means with different letters in the same row are significantly different (P<0.05).
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24 h (P<0.01), in comparison with the control.
The increase in propionate content might be
due to the glucogenic nature of the substance.
Thus, as amino acids are the other main source
of glucose precursors, propionate could play a
protein-sparing role (Leng, 1970). The acetate
to propionate ratio at 24 h was lower in ARG and
NCG groups than in the control (P<0.01).
Ruminal ammonia N concentration was higher
in the ARG group than in the control (P<0.01),
thus showing a rapid degradation of ARG by
rumen microbes. The microbial crude protein
content decreased (P<0.05) in ARG and NCG
groups, compared with that of the control at 12
and 24 h. Negative correlations were detected
between MCP and ammonia N in ARG (-0.471)
and NCG (-0.845) groups, as already demonstrated in previous studies (Pilgrim et al., 1970;
Nolan et al., 1976). Our findings let us infer that
the addition of ARG and NCG had similar effect
on MCP synthesis. However, we still cannot
explain the reasons for a decrease in MCP yield
in both ARG and NCG groups. In order to clarify
this point, additional studies need to be performed.
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80.0 and 63.8 for ARG, and 14.1 and 12.5 for
NCG, by assuming a passage rate (kp) of 5 or
10%/h (Madsen and Hvelplund, 1985). Our
data indicated that the rumen microbes hardly
degrade NCG, as also reported by Martin et al.
(1983), who identified NCG as a slowly-releasing source of non-protein nitrogen for ruminant feed additives. Chalupa (1976) reported
that ARG was rapidly degraded by rumen
microbials up to 100% within 6 h, while
Sultana et al. (2003) found that ARG degradation rates after 6 and 12 h incubation were 52.8
and 85.2%, respectively. These findings imply
that NCG might be a potential post-ruminal
feed additive with no need of coating.

Effects on gas production and
fermentation variables
Findings about GP and fermentation variables are shown in Table 2. The GP values were
higher in ARG and NCG groups at both 12 and
24 h, compared to the control (P<0.01). These
values are related to both the amount and rate
of substrates degradation (Blümmel and
Becker, 1997). Increased GP in ARG and NCG
groups indicated that in these two groups DM
digestibility might be improved. Total VFA concentration increased at 12 h in ARG and NCG
groups (P<0.05), but was not statistically different (P>0.05) at 24 h in the three treatments.
Acetate content decreased in the ARG group and
propionate increased in ARG and NCG groups at
[page 376]
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At 12 h incubation
pH
Ammonia-N, mg/dL
Gas production, mL/200 DM
Total VFA, mmol
Acetate, mol/100 mol
Propionate, mol/100 mol
Butyrate, mol/100 mol
Acetate/propionate ratio
Microbial protein, mg/mL
At 24 h incubation
pH
Ammonia-N, mg/dL
Gas production, mL/200 DM
Total VFA, mmol
Acetate, mol/100 mol
Propionate, mol/100 mol
Butyrate, mol/100 mol
Acetate/propionate ratio
Microbial protein, mg/mL

Control

degradation. Adding ARG or NCG improved the
rumen fermentation, but reduced microbial
protein concentration. The effects of NCG on
rumen fermentation variables were similar to
those of ARG. To conclude, our study showed
how ARG may be well replaced by NCG as a
potential feed additive as NCG is a stable analogue of NAG which helps the endogenous synthesis of ARG.

Conclusions
L-arginine was rapidly degraded in rumen
fluid in vitro, while NCG underwent a lower
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