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Abstract

The aim of the study was to determine the effect of cutting age and
different level of additive on butyric acid and ammonia content of Napier
grass (Pennisetum purpureum) silage. Silage was made from Napier grass
with different cutting ages, namely 40, 60 and 80 days (P4, P6 and P8) as
factor | and different level of additive, namely 0; 2.5; 5 and 7.5% w/w DM of
fine bran (DO, D1, D2 and D3) as factor Il. The study was designed in a
completely randomized design (CRD) with 3x4 factorial pattern with 3
replications. Data were analyzed statistically by analysis of variance at 5%
confidence level, followed by Duncan's multiple range test. The results
showed that different cutting age had no significant effect (P>0.05) on butyric
acid content, while level of additive had significant effect (P<0.05) on butyric
acid content, and there was no interaction between cutting age and level of
additive on butyric acid content of silage. Different cutting age and level of
additive and had significant effect (P<0.05) on ammonia content, but there
was no interaction (P>0.05) between cutting age and level of additive on
ammonia content of silage. It was concluded that increasing level of cutting
age decreased ammonia content, increasing level of additive decreased
butyric acid and ammonia content of Napier grass silage; cutting age and
additive level did not synergize in reducing butyric acid and ammonia content
of silage.

Introduction

The older the plant will cause the proportion of non-structural
carbohydrates to decrease, conversely the proportion of structural
carbohydrates to increase [1]. The low proportion of non-structural
carbohydrates is not beneficial in making silage because the content of
soluble carbohydrates which are constituents of non-structural carbohydrates
is very limited for lactic acid-forming bacteria to produce lactic acid. If the
production of lactic acid is low, then low pH in silage making becomes
difficult to achieve and causes poor quality silage due to undesirable reactions
in silage making, such as the formation of butyric acid as a result of
fermentation by Clostridia bacteria. Therefore, it is necessary to give
additives in the form of fine bran to increase soluble carbohydrate content.
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Napier grass is commonly used as silage in the tropics [2], because its
high production and is favored by livestock [3]; however, Napier grass
harvested at more than 80 days has a low percentage of soluble carbohydrates
in fresh forage [4]. Low soluble carbohydrates in old grass can be overcome
by adding additives as a source of soluble carbohydrates such as fine brand
to stimulate the formation of lactic acid so that it can produce good quality
silage.

Butyrate silage is formed when the silage has been fermented by
Clostridia bacteria [5, 6]. The acidity of butyrate silage ranges from 5-6 and
contains lactic acid and soluble carbohydrates in low concentrations [1]. The
extensive breakdown of amino acid caused by Clostridia bacteria in butyrate
silage in turn increases ammonia content which can exceed 200 g/kg total N.

The objective of the research was to examine the effect of different
cutting age and level of additive on butyric acid and ammonia content of
Napier grass silage. The benefit of the research is to determine optimum
cutting age and addition of additives to produce good quality of Napier grass
silage.

Materials and Methods

The study was conducted at Faculty of Animal and Agriculture Science,
Diponegoro University, Semarang.

Materials

Materials used in the study were Napier grass (Pennisetum
purpureum) at 40, 60 and 80 days of cutting age and fine bran as an additive.
Equipment used include a silo made of a cylindrical plastic container, and
equipment for analysis of butyric acid and ammonia content of silage.

Methods

Making silage includes preparing Napier grass at the cutting age of
40, 60 and 80 days; wither Napier grass until the moisture content reaches +
65%, mix Napier grass with fine bran at level 0; 2.5; 5 and 7.5% (w/w) DM
of Napier grass evenly, then put into a silo and compacted so that the density
was + 650 kg/m3. Ensilage was carried out for 3 weeks (21 days).
Determination of butyric acid content was carried out using gas
chromatography technique which was carried out at Biochemistry
Laboratory, Faculty of Agricultural Technology, Gadjah Mada University,
Yogyakarta. Determination of ammonia was carried out using microdiffusion
technique according to Conway [7]. The study was conducted in a completely
randomized design (CRD) with a factorial pattern of 3 x 4, 3 replications.
Factor | was cutting age of Napier grass, namely 40, 60 and 80 days (P4, P6
and P8). Factor Il was additive level, namely addition of fine bran by 0; 2.5;
5 and 7.5% w/w DM (DO, D1, D2 and D3). Data were analyzed by analysis
of variance at 5% level followed by Duncan's multiple range test [8].
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Results and Discussion

Butyric acid and ammonia content of Napier grass silage was summarized in
Table 1.

Table 1. Butyric Acid and Ammonia Content of Napier Grass Silage

Variable Additive Cutting Age Mean Significance
Level P4 P6 P8 P D PxD
Butyric acid DO 359 4,10 4,48 406 ns * ns
(g/kg DM) D1 461 219 423 3,67

D2 3,08 2,19 2,19 2,484
D3 3,21 1,29 1,17 1,89
Mean 362 244 3,01
Ammonia DO 40,65 39,56 39,87 40,03» * * ns
(9/kg DM) D1 40,18 37,52 38,93 38,887
D2 39,56 36,73 37,04 37,78
D3 38,14 36,89 3752 37,52
Mean  39,63* 37,67° 38,34°
abe  Different superscript on the same line showed differences (P<0.05)
par Different superscript on the same column showed differences (P<0.05)
* Significance (P<0.05)
ns Non significance

Butiric Acid Content of Napier Grass Silage

Butyric acid content of silage showed an increase with increasing of
Napier grass cutting age. Results of analysis of variance showed that cutting
age had no effect on butyric acid content, but additive level had a significant
effect (P<0.05) in reducing the butyric acid content of Napier silage. There
was no interaction between cutting age and additive level on butyric acid
content of Napier silage.

Butyric acid can be formed when silage is fermented by Clostridia
bacteria. The presence of butyric acid showed that in this study there was a
fermentation by Clostridia bacteria, but the production of butyric acid tended
to decrease with increasing cutting age of Napier grass as indicated by the
mean value of each cutting age, which was 3.62; 2.44 and 3.01 g/kg DM. The
growth of Clostridia bacteria is thought to occur at the beginning of ensilage,
when the acidity of the silage was still high, considering that Clostridia
bacteria grow well at pH 5 - 6. Acidity of butyrate silage ranged from 5 - 6
and contained lactic acid and soluble carbohydrates in low concentrations [1].

The decrease in butyric acid content occurred along with the increase
of additive level (P<0.05), which was seen from the mean value of the
increasing of each additive level, which was 4.06; 3.67; 2.48 and 1.89 g/kg
DM. Decreasing in butyric acid content between additive level of 0% was not
significant when compared to the additive level of 2.5% (DO vs D1), but there
was significance (P<0.05) when compared to additive level of 5% and 7.5%
( DO vs D2 and D3). 2.5% additive level treatment was not significant
compared to 5% additive level treatment (D1 vs D2), but significant (P<0.05)
when compared to 7.5% additive level (D1 vs D3). Butyric acid content at
7.5% additive level was lower (P<0.05) when compared to 5% additive level
(D3 vs D2).
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Decreasing in butyric acid content along with the increasing in
additive levels was thought to be due to an increasing in nitrogen-free extract
as a provider of soluble carbohydrate. The content of nitrogen-free extract
from fine bran as an additive in silage making was 51.58% DM; in addition,
fine bran also contains 9.81% protein in DM which was used as a source of
N by lactic acid bacteria. Soluble carbohydrate plays a role in the formation
of lactic acid and acetic acid in ensilage. Increasing in soluble carbohydrate
from fine bran resulted an increasing in lactic acid and acetic acid content
along with the increasing in additive level which in turn lowered pH of silage.
Decreasing pH affects the suppression of Clostridia growth. Suppressed
growth of Clostridia also resulted in low butyric acid which was a product of
fermentation by Clostridia bacteria.

Butyric acid was formed when silage fermented by Clostridia bacteria
[5, 6]. Butyric acid content of silage ranged from 1.17 to 4.48 g/kg DM. The
lowest butyric acid content of silage was achieved at P8D3 treatment,
followed by P6D3, P6D1, P6D2 and P8D2 treatment combination (1.17; 1.29;
2.19; 2.19 and 2.19 g/kg DM).

Lactate silage generally contains small amounts of acetic acid and
very small amounts of propionic and butyric acids [1]. Based on the data
obtained, it was suspected that there was fermentation by Clostridia bacteria,
although the activity was relatively low. However, butyric acid content of
silage was still acceptable because the highest butyric acid content (4.48 g/kg
DM) was below 0.1% (equivalent to 10 g/kg DM) according to Breirem and
Ulvesli cited Mcllroy [3].

Ammonia Content of Napier Grass Silage

Results of analysis of variance showed that cutting age had significant
effect (P<0.05) on the decreasing of ammonia content of silage, as well as the
additive level. However, there is no interaction between cutting age and
additive level on ammonia content.

Based on the results of Duncan's multiple range test, it was able to be
seen that there was a decreasing in ammonia content of Napier grass silage
along with the increasing of cutting age, which was able to be seen from the
mean value of each cutting age, namely 39.63; 37.67 and 38.34 g NH3/kg
DM (Table 1). There was a decreasing (P<0.05) in ammonia content at 60 and
80 days of cutting age compared to 40 days of cutting age (P6 and P8 vs P4).
Ammonia content at P6 was lower (P<0.05) than P8. The presence of
ammonia in the silage was thought to be due to the extensive breakdown of
amino acids by Clostridia bacteria at the beginning of ensilage which resulted
in accumulation of ammonia which was not utilized by bacteria as a source
of N for the proliferation process. This was able to happen considering that
the acidity of silage at the beginning of ensilage was still quite high which
allowed Clostridia bacteria to grow. Results of the study which showed a
decreasing in ammonia content with increasing of cutting age was in
accordance with the results of research by Adogla-Bessa and Owen [9] and
Snyman and Joubert [10]. Ammonia content of silage made from whole-crop
wheat forage based on the plant growth phase from heading, mealy ripe,
medium and hard dough phases was 60, 170, 87 and 41 g NH3/kg DM,
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respectively [9]. These data showed that at first there was an increaseing
followed by a decreasing of ammonia content along with the growth phase of
Napier grass. Snyman and Joubert [10] reported the results of their research
which stated that ammonia content of forage sorghum silage decreased along
with the increasing in the maturity phase of the plant.

Decreasing of ammonia content occurred along with the increasing of
additive levels, i.e. 40.03; 38.88; 37.78 and 37.52 g NH3/kg DM. Ammonia
content at 2.5; 5 and 7.5% additive level was lower (P<0.05) than 0% additive
level (D1, D2 and D3 vs D0). Ammonia content at 5% and 7.5% additive
level was lower (P<0.05) than 2.5% additive level (D2 and D3 vs. D1).
However, there was no significant decrease of ammonia content between 5%
and 7.5% % additive level (D2 vs D3). Ammonia content of sorghum silage
made without addition of chemical additives in pipe, bloom and ripe phases
was 345, 230 and 229 g/kg N, respectively [10]. Increasing additive level
caused a decreasing in ammonia content of silage. Silage additive in the form
of fine bran as an energy provider was thought to play a role in stimulating
fermentation by homofermentative and heterofermentative bacteria to
produce lactic acid and acetic acid which took a role in lowering pH and
suppressed the growth of Clostridia bacteria. The research of Vanbelle and
Bertini cited by Xiccato et al. [11] stated that ammonia concentration
expressed the occurrence of protein degradation. Extensive amino acid
breakdown caused by Clostridia bacteria to butyric acid increased ammonia
content [1].

Table 1 showed that cutting age and additive level had the same effect
on ammonia content and pH of silage. Increasing of cutting age affected the
decreasing in ammonia content and pH of silage. Increasing additive level
also affected the decreasing in ammonia content and pH of silage. This
situation showed that the lower the pH achieved in silage making resulted in
a lower ammonia content. Low pH in silage making was proven to be able to
suppress the growth of Clostridia bacteria which was reflected by the lower
ammonia content as a product of extensive amino acid breakdown with the
lower of pH of silage.

Ammonia content of Napier grass silage ranged from 36.73 to 40.65
g NH3/kg DM. The lowest ammonia content of silage was achieved in P6D2
treatment combination which was not significant with P6D3 (36.73 vs 36.89
g NH3/kg DM). The highest ammonia content was 40.65 g NH3/kg DM
which was achieved in the PADO treatment combination. Ammonia content
of the research was still acceptable. Acceptable ammonia content in silage
did not exceed 110 g/kg [12].

Conclusion

It was concluded that increasing level of additive decreased butyric
acid and ammonia content of Napier grass silage. Increasing level of cutting
age decreased ammonia content. Additive level and cutting age did not
synergize in reducing butyric acid and ammonia content of Napier grass
silage.

Proceeding of The 1% International Seminar on Sustainable Ruminant and Poultry
Production in The Tropics (1% ISSRP), Semarang, Indonesia, October 21, 2021 123
“The Demand of Welfare and Sustainable Ruminant and Poultry Production for
Sovereignty During Covid-79 Pandemic”



References

[1] McDonald P Edwards RA Greenhalgh JFD Morgan CA Sinclair LA
and Wilkinson RG 2014 Animal Nutrition 7th Ed (London: Prentice
Hall)

[2] Webster CC and Wilson PN 1998 Agriculture in the Tropics 3rd Ed
(New Jersey: Wiley-Blackwell)

[3] Mcllroy RJ 1972 An Introduction to Tropical Grassland Husbandry
2nd Ed (London: Oxford University Press)

[4] Wilkinson JM 1985 Beef Production from Silage and Other
Conserved Forages (London: Longman Group Ltd.)

[5] McDonald P 1981 Biochemistry of Silage (Chichester: John Wiley &
Sons)

[6] McDonald P 1982 Effect of processing on nutrient content of feeds :
ensiling Handbook of Nutritive Value of Processed Foods (Boca
Raton: CRC Press Inc.) p. 41 — 60

[7] Conway EJ 1962 Microdifussion Analysis and Volumetric Error
(London: Crosby Lockwood and Sons)

[8] Steel RGD Torrie JH and Dicky DA 1997 Principles and Procedures
of Statistics, A Biometrical Approach 3rd Ed (New York: McGraw-
Hill Inc. Book Co.)

[9] Adogla-Bessa T and Owen E 1995 Anim. Feed Sci. Technol. 55: 335
— 347

[10] Snyman LD and Joubert HW 1996 Anim. Feed Sci. Technol. 57: 63 —
73

[11] Xiccato G Trocino A and Carazzolo A 1998 Anim. Feed Sci. Technol.
71: 229 — 240

[12] Kellems RO and Church DC 2009 Livestock Feeds and Feeding 6th

Ed (London: Pearson)

Proceeding of The 1% International Seminar on Sustainable Ruminant and Poultry
Production in The Tropics (1% ISSRP), Semarang, Indonesia, October 21, 2021
“The Demand of Welfare and Sustainable Ruminant and Poultry Production for
Sovereignty During Covid-79 Pandemic”

124



