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Urea is commonly used as a feed additive to improve the quantity of nitrogen (N) and
digestibility in ruminants. Supplementation of urea increases crude protein but decreases the
fermentation quality of silage with increasing pH by releasing ammonia N. Thus, oxalic acid
diamide (oxamide, O) and guanyl urea sulfate (GU), N slow-release compounds, were used as
additives in the present study. As much as 650 grams of the napiergrass were ensiled into a
laboratory silo (1.0liter polyethylene container). The treatments were: no additive (control), O,
O+glucose (0G), GU and GU+glucose (GUG). O and GU were added at the level of 0.23% N
on the napiergrass fresh weight basis, and glucose was added at 1%. Silage was incubated for 7,
15, 30 and 60 days at room temperature (28°C). After the silo was opened, pH, contents of dry
matter, total nitrogen (TN), volatile basic nitrogen (VBN) and organic acids were determined.
Compared with the control, OG, GU and GUG treatments significantly decreased pH value,
VBN/TN, acetic acid and butyric acid contents, and significantly increased contents of dry
matter, TN and lactic acid after 60 days of fermentation. The length of storage did not affect
dry matter, lactic acid and TN contents and VBN/TN. In conclusion, without glucose addition
GU may be a good N supplement for silage making of napiergrass, but glucose is necessary to
improve fermentation quality when ensiled with O additive.

INTRODUCTION

Silages made from tropical herbage are generally low in quality and do not contain a
large quantity of lactic acid, because tropical herbage contains low amount of fermentable
sugar (Humphreys, 1991; Wilkinson, 1983). Napiergrass (Pennisetum purpureum
Schumach.), one of the most common tropical grasses used for ensilage, contains
relatively low level of total nitrogen (TN), and low fermentable sugar and in the fresh
crop, particularly when harvested at less than 80 days of age (Wilkinson, 1983).

Urea is commonly used as an additive to improve the quantity of nitrogen and
digestibility of low quality roughage in ruminants (Acorda et al., 1992; Jayasuriya and
Pearce, 1983; Nakashima et al., 1991; Soebarinoto et al., 1997). Urea also increases crude
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protein but decreases the fermentation quality of silage by increasing pH value and
enhancing clostridial bacteria growth (McDonald et al., 1991; Ohshima and McDonald.,
1978; Pancholy et al., 1994). One of the reasons for this phenomenon may be due to the
rapid production of ammonia through the urease activity. Thus, the slower nitrogen
releasing additive might be expected to increase TN without decreasing quality of silage.
We examined the quality of napiergrass silage treated with slower nitrogen releasing
additives with or without glucose addition. Oxalic acid diamide (oxamide, O) and guanyl
urea sulfate (GU), which are known as slow N release fertilizer compounds containing
32% and 28% N, respectively, were applied to napiergrass silage in the present study.

MATERIALS AND METHODS

Napiergrass forage

Napiergrass (Pennisetum purpureum Schumach.) was field grown at the Kyushu
University, Hakozaki, Fukuoka, Japan. The initial growth was harvested in August 1998 at
about 15 cm above the ground level using a hand sickle. Three nodes were visible on the
shoots. The harvested grass was immediately chopped into about 1 cm length. Chopped
grasses were immediately collected for dry matter (DM), TN and water soluble carbo-
hydrate (WSC) analysis. The DM content of material was determined by drying in an
oven at 60 °C for at least 48 h (AOAC, 1984), TN content was determined by the Kjeldahl
method (AOAC, 1984) and WSC content by high performance liquid chromatography
(HPLC) system from Shimadzu Corp. (Kyoto Japan) with NH2P-50 columan (Shoko. Co.,
Ltd.). The chopped material contained 21.4% DM, 1.8% TN and 3.8% WSC.

Silage making

Before ensiling, chopped grasses were mixed with additives according to the
following treatments: no additives (control, C), O, GU, O+ glucose (OG), and GU+
glucose (GUG). O and GU were added at the level of 0.23% N (fresh weight basis) and
glucose was added at 1% of napiergrass fresh weight, respectively. About 650g of the
material was ensiled, using a stick to crush the material, into a laboratory silo (1.0liter
polyethylene container) followed by incubation for 7, 15, 30 and 60 days at room
temperature (28°C). Three replicates were prepared for each treatment.

Chemical analyses of silage

The dry matter (DM) content of the silage was determined by drying 100 grams
sample in an oven at 60°C for at least 48h (AOAC, 1984) and corrected with volatile
components. A sample of sixty grams of silage was soaked in 120 ml of water and stored
at 4°C for 1 day. The filtrates (silage extracts) were used for determining pH, volatile
basic nifrogen (VBN), lactic acid and volatile fatty acids. The pH was measured with a
glass electrode pH meter (Horiba Co.). Total nitrogen (TN) was determined by the
Kjeldahl method (AOAC, 1984); VBN by steam distillation (AOAC, 1984); lactic acid (LA)
by the method of Barker and Summerson (1941), volatile fatty acids were analyzed by gas
chromatography (Shimadzu GC-~17A with 12m capillary column, condition: column
temperature 100 °C, injection and detector temperatures 250°C).

The data were analyzed statistically by two-way analysis of variance (ANOVA) using
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a commercially available package (SAS, 1985).

RESULTS

The pH value and DM content in silage are shown in Fig. 1. The fermentation period
within 60 days did not alter pH of the control silage. The GU and OG silages tended to
decrease pH during the storage. The pH values in GU, GUG and OG treatments were
significantly lower than the control. DM values of silage at all treatments were
significantly higher than the control and maintained until 60 days of storage. The GUG
and OG additives showed slightly higher DM values than the others after 30 days of
storage.

The four additives significantly enhanced TN content than the control, but there were

DM content (%)

pH

ML RS TR A0 DI e |

7 14 30 T 60
Fermentation days

Fig. 1. The effects of slower nitrogen releasing additives and days of fermentation on the pH
value and dry matter (DM) content of napiergrass silage. Values are mean®SD (three
replicates). C=control (no additive), GU=guanyl urea sulfate, GUG=GU+ glucose,
O=oxamide and OG=0-glucose.
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Fig. 2. The effects of slower nitrogen releasing additives and days of fermentation on the total
nitrogen (TN) and VBN/TN of napiergrass silage. Values are mean=®SD (three repli-
cates). C=control (no additive), GU=guanyl urea sulfate, GUG=GU+glucose,
O=oxamide and OG=0-glucose.

no significant differences among four treatments (Fig. 2). The period of storage within 60
days did not change TN values greatly in each treatment. The effect of glucose on this
parameter was not consistent in the addition to O and GU.

The VBN/TN after ensiling was affected by additive treatment (Fig. 2). Compared
with the control, both N and glucose additives significantly decreased VBN/TN of the
silage. In the control, GU and GUG silages, the VBN/TN did not change until 30 days, but
there was a slight increase in the control and a slight decrease in GU after 30 days,
whereas in GUG almost stable value was shown until 60 days. When the silage was
treated with O and OG the fermentation period significantly affected VBN/TN of the
silage, showing that there were changes between 7 and 14 days but little changes between
30 and 60 days.

The concentration of lactic acid (LA), acetic acid (AA) and butyric acid (BA) are
shown in Fig. 3. There were significant effects of treatments and the storage period on
LA production. The LA was produced similarly in the control and O treatment, while LA
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Fig. 3. The effects of slower nitrogen releasing additives and days of fermentation on the lactic
acid (LA), acetic acid (AA) and butyric acid (BA) contents of napiergrass silage. Values
are mean+SD (three replicates). C=control (no additive), GU=guany! urea sulfate,
GUG=GU +glucose, O=oxamide and OG=0+glucose.
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contents in the OG, GU and GUG treatments were significantly higher than the control.
The highest value of LA production was found in GUG, and followed by OG, GU and O in
the order. The GUG and OG additives were highly effective to increase the amount of LA .
with similar values at 60 days of storage.

The amount of AA in the silage treated with O showed the tendency similar to the
control, but was higher than that of the other three treatments. In the control and O, the
amount of AA during 30 days was not changed greatly, but it was significantly increased
after 60 days of storage. In the OG treatment there was a slight increase in AA content
with reaching the highest value after 30 days followed by a slight decrease. Treating with
GU tended to increase AA content between 7 and 14 days and kept it almost constant
between 30 and 60 days, whereas GUG showed a slight increase between 14 and 30 days.

In the control, there was a great increase in BA content after 30 and 60 days of
storage. The increase in BA content was also observed in the silage treated with O after
30 and 60 days. However, there was little production of BA in the other three treatments.

DISCUSSION

There are five categories of silage additive; fermentation stimulants, fermentation
inhibitors, aerobic deterioration inhibitors, nutrients and absorbents (McDonald et al.,
1991). Urea or ammonia is one of the silage additives to improve nutrient values (Bolsen
et al., 1996; McDonald et al., 1991). Application of urea without sugar might give a higher
TN, but increased pH value with the release of ammonia and resulted in the low quality of
silage (Pancholy et al., 1994). In the experiment of our laboratory application of urea at
the rate of 0.23% N to fresh napiergrass silage gave VBN/TN from 20 to 40% (DM) after
30 days of storage (Yunus et al., 2000). But in the present experiment GU and O addi-
tives lowered this parameter from 18.40% (control) to 4.85% (GU) and 8.85% (O) after
60 days of storage. Thus, we conclude that utilization of slower N releaser as a silage
additive might be merits to silage fermentation.

It is known that the addition of sugar like glucose to silage crops could increase the
supply of substrate for enhancement of the lactic acid bacteria activity (Bolsen et al.,
1996; Henderson, 1993), which resulted in high quality silage by increasing LA content
and decreasing pH value and consequently inhibition of ammonia release (Davies et al.,
1997; Petterson and Lindgren, 1990; Yokota et al., 1992). Good quality silage is
standardized as pH value being less than 4.2, and VBN/TN 11% or below, LA between 3
and 13%, and BA less than 0.2% (Catchpoole and Henzell, 1971; McDonald et al., 1991).

According to the results of the present experiment, the application of slower N
releasing compounds (O and GU) to napiergrass silage improved quality until 60 days of
storage with or without glucose addition, except for O only. Slower N releasing additives
increased nutrients quality and would not promote ammonia releasing activity of
napiergrass silage. It is necessary, therefore, to conduct a future experiment measuring
the digestibility and feed intake in animals in order to establish practical silage making
with these slow N releasing additives.
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