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ABSTRACT

About 10-month-old leucaena (Leucaena leucocephala (Lam.)
De Wit.) grown in Japan and 52-day-old regrowth of guinea
grass (Panicum maximum var. maximum cv. Gatton) and sor-
ghum (Sorghum bicolor Moench cv. FS401R), were chopped up
to 3-5 cm lengths and ensiled in laboratory silos of 1.4-1.5 kg
capacity. Samples weretakenat0, 1,3, 5,7 and30days of ensiling
for laboratory determination of total nitrogen (T-N), volatile
basic nitrogen expressed as per cent of T-N, pH, lactic acid,
acetic acid, butyric acid, neutral detergent fibre (NDF), acid
detergent fibre (ADF), cellulose, acid detergent lignin (ADL)
and in vitro digestibility (IVD). There were significant differ-
ences (P<0.05) in the T-N and cell-wall components but not in
IVD (P>0.05) among species. The final pH of the silages were
4.00, 3.94 and 5.27 for guinea grass, sorghum and iéucaena
respectively. Lactic acid wasthe dominant acid inall the silages.
Significant differences (P<0.05) in lactic acid content were
observed arnong the silages. No significant difference (P>0.05)
was observed in acetic acid contents of the grass silages but
these were significantly higher than that of the leucaena silage.
Butyric acid was observed only in the grass silage. IVD of the
silages after 30 days were 488.5, 519.6 and 515.5 ginkg DM of
guinea grass, sorghum and leucaena respectively.
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RESUME
FLEISCHER, I. E., KAWAMOTO, Y., SHIMOIO, M., GoTO,1 &
MASUDA, Y. : Comparaison de la qualité de la fermentation
et de la valeur nutritive entre le fourrage ensilé fait de
leucaena (Leucaena leucocephala (Lam.) de Wit) et de deux
autres herbes tropicales. Leucaena (Leucaena leucocephala
(Lam.) de Wit) & I' 4ge d' environ 10 mois cultivé an Japan
¢t l'herbe guinéenne répoussée (Panicum maximum var.
maximum cv. Gatton) & ' 4ge de 52 jours et sorgho
(Sorghum bicolor Moench cv. FS40IR) élaient tranchés a
3-5 cm de longeurs et ensilés dans les silos laboratoires d'une
capacité de 1.4-.5 kg. Les échantillons étaient prélevésa 0, 1,3,
5, 7 et 30 jours d'ensilage pour la détermination laboratoire
d'azotetotal (T-N), I azote basique volatil expriméenpourcentage
de T-N, pH, acide lactique, acide acétique, acide butyrique, fibre
détersive neutre (NDF), fibre détersive acide (ADF) cellulose,
lignine d' acide détersive (ADL) et in-vitro capacité digestive
(IVD). 11y avaient des différences significatives (P<0.05) dans
le T-N et les constituants de mur cellulosique mais dans IVD
(P>0.05) parmi les espéces. Les pH finals des fourrages ansilés
étaient 4.00, 3,94 et 5.27 respectivement pour herbe guinéenne,
sorgho et leucaena. Acide lactique était ' acide dominant dans
tous les fourrages ensilés. Les différences significatives (P<0.05)

- encontenv d' acide lactique étaient observées parmi les fourrages

ensilés. Aucune différence significative (P>0.05) n' était
observée dans les contenus d'acide acétique des herbes ensilées
mais celles-si étaient considérablement plus fortes que celui de
leucaena ensilé. Acide butyrigue éait observé uniguement
dans I herbe ensilés. L' TVD des fourrages ensilés aprés 30 jours
étaient 488.5,519.6 1 515.5 genkg DMrespectivement de therbe
guinéenne, sorgho et feucaena.
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Introduction

Ruminant livestock production in many tropical
countries is based on the natural grassland the
productivity of which is seasonal (Fleischer,
1989). Thus, it is important that excess feed
produced in favourable times should be preserved
with aminimum loss of dry matter and nutrients in
order to have a product of acceptable nutritive
value for later use. This could be achieved by
ensiling with a rapid reduction in pH to a value of
4.0-4.5 accompanied by a minimum production
of volatile basic nitrogen (McDonald, 1981). The
fermentation quality and the nutritive value of
silage depends primarily on the parent material.
The forages with high water soluble carbohydrate
are more easily ensiled (Wilkinson ef al., 1983;
Kaiser, 1984).

Tropical forages generally have low levels of
water soluble carbohydrate (Catchpoole & Henzel,
1971). Thus, ensiling tropical forages has always
been difficult. Even more difficult to ensile are
tropical forage legumes, because apart from the
low water soluble carbohydrate they also have a
high buffering capacity (Kaiser, 1984). These
notwithstanding, the fermentation characteristics
of tropical forage silage should be understood.
before the ensiling process can be manipulated to
achieve a desirable product. Loss of dry matter,
mainly readily fermentable components, accur
during the ensiling period. This may result in
some changes in nutritive value.

Thus, the objective of this experiment was to
study the fermentation characteristics of lencaena
and two tropical grasses as well as the change in
nutritive value during the ensiling period.

Materials and methods
Location
The plant materials used were obtained from the
University of the Ryukyus in Okinawa, Japan,
while the laboratory determinations were carried
- out at the Laboratory of Feed Science and Animal
Behaviour, Kyushu University, Fukuoka, Japan.

Plant material
Leucaena (Leucaena leucocephala (Lam.) De

Wit.) was collected from a naturalized field in
Japan. The field had been frequently harvested.
The leucaena was about 10 months old and about
Imtall.

Guinea grass (Panicum maximum var. maxi-
mum cv. Gatton) and sorghum (Sorghum bicolor
Moench cv. FS40IR) both 52 daysregrowths were
used. The grasses were seeded on 17 Apr 92 and
werefirstcuton 12 Jun 92. Atthetimeofseeding,
abasal fertilizer of N-P O.-K O at the rate of 150-
100-100kg/hawas applied. Anadditional nitrogen
fertilizer atthe rate of 150 kg/ha was applied imme-
diately after the first cut. The grasses were cut for
thisexperiment on 3 Aug 92.

Silage making

After harvesting, the plant materials were
chopped to 3-5 cm lengths and stuffed into 2-litre
capacity laboratory silos and sealed. Each silo
contained 1.4-1.5kgof sample. There werethree
silos pertreatment. Thesilos were opened after 1,
3, 5,7 and 30 days of ensiling.

Chemical analyses

At the time of opening the silos, the top and
bottom 2-3 cm silage fractions respectively were
discarded and samples were taken from the middle
portion of the rest. These samples were further
chopped up into 2-3 cm lengths and used for
laboratory determinations. 100 g of the samples
was placed in one-litre conical flask and distilled
water was added to the one litre mark. This was
then kept in a refrigerator at 4-5 °C for 12 h with
occasional shaking. The extract wasfiltered through
No.41 Whatman filter paper. The pH ofthe filtrate
was immediately determined witha pHmeter. The
filtrate was used for the determination of organic
acidsand volatilebasic nitrogen(VBN) (Morimoto,
1971).

Fresh samples were used for total nitrogen (T-
N) determination (AOAC, 1990). Cell-wall com-
ponents and in vitro digestibility matter (IVD)
were determined with the oven-dried samples
according to the methods of Goering & Van
Soest (1970) and Goto & Minson (1977) re-
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spectively.

Results
The chemical composition and in vitro digest-
ibility (IVD) of the forage material before ensiling
are shown in Table 1. Significant differences

TABLE 1

Chemical Composition and in vitro Digestibility of Forage Material before Ensiling

{g kg' DM)

served in guinea grass silage was higher than that
of the sorghum silage (3.8 v. 2.8 g kg'). No
significant difference (P>0.05) was observed in
the acetic acid content between sorghum and
guinea grass silages. However, the levels were
higher (P<0.05) than that of
leucaenasilage. Aceticacid
development was, however,
slower than lactic acid in all

Forage material Dry  Nitrogen NDF  ADF Cellulose ADL WD the silages. Lactic acid pro-

matter duction in sorghum silage
Guinea grass 264a 142a  7284a 46l1a 361.6a 7822  S767a  was observed to be signifi-
Sorghum 1520b 1576 71323 4173b 3451b  Sgsb  5s96a  cantly higher (P<0.05) than
Leucaena 378Sc  392c  5973b 3576c 2359¢ 1232c 56752 in both guinea grass and
SE 11334 001 613 120 6831 3299 796 leucaena silage.

(P<0.01) were observed in the nitrogen and acid
detergent fibre (ADF) contents of the three for-
ages. Neutral detergent fibre (NDF) of guinea
grass and sorghum were similar (£>0.05) but
higher (P<0.05) thanthat of leucaena. No signifi-
cant differences were found among forages of
cellulose and acid detergent lignin (ADL). IVD
of the forage material was, however, similar
(P>0.05)to all three. Guinea grass had the lowest
total nitrogen (T-N) but the highest fibre content.
Leucaena, on the contrary, had the highest T-N
and ADL contents but the lowest contents of NDF
and ADF.

The pH and various organicacid contents of the
silages are shown in Fig. 1. The pH of the silage
significantly decreased (P<0.01)inall three silages
withtime. Thereweresignificantdifferences (P<0.01)
among the three silages initially; however, no dif-
ference (P>0.05) was observed between guinea
grass and sorghum silage which had pH 4.00 and
3.94 respectively after 30 days. Silage fromthe two
grasses maintained a significantly (P<0.05)lower
PH than that of the leucaena silage which had pH
5.40.

There was a significantincrease (£<0.01) inthe
contents of various organic acids with time for all
three silages. Nobutyric acid was observed inthe
leucaena silage. However, a small amount was
yenitaced in the grass silages and the level ob-

Total nitrogen and VBN
contents of the silages are shown in Fig. 2. Sor-
ghum silage had slightly but not significantly
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Fig. 1. Changes in pH and organic acids of leucaena,’
guinea grass, and two sorghum silages with time
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Fig. 2. Changes in total nitrogen and volatile nitragen
of leucaena, guinea grass and sorghum silages
with time

(P>0.05) higher T-N content compared to the

guinea grass silage and both werce significantly

(P<0.05)lower thanthat ofleucacnassilage. There

was a decrease in T-N content in all the silages.

There was no significant difference (P>0.05)
in VBN content of guinea grass and leucaena
silages and both were significantly (£<0.05)
higher thanthat of sorghum silage initially. How-
ever, with advancing ensiling period, VBN con-
tentofalisilages significantly increased (P<0.01).
The rate of increase in early stage of ensiling was
higher for leucaena.

Table 2 shows the changes in dry maiter and
cell-wall components of the silages with time. No
significant changes indry matter content (P>0.05)
were/observed in the silages with time, except for
leucdena silage showing a reduction between the
first and third days. , ‘

Nosignificantchange (P>0.05) in NDF content
was observed with time except for the leucaena
silage showing changesbetween the first and third

days and again between the fifth and seventh days.
Sorghuuisilage had NDF content similar tothat of
guinea grasssilage and these were higher (P<0.05)
thanthatofleucaenasilage. Similarly, there wasno
significant change (P>0.05) in ADF content with
time. ADF content of guinea grass silage was
similar to that of sorghum silage which also was
higher but non-significant (£>0.05) compared to
that of leucaena silage. The differences between
the ADF contents of guinea grass and leucaena
silage were significant (P<0.01). There wasa small
increase (P<0.05) in the cellulose content of sor-
ghumand guinea grass silagebut not with leucaena
silage. In general, cellulosecontent of guinea grass
and sorghum silages were similar but higher than
that of leucaena silage. No significant change in
ADL was found for all silages with time.

Table 3 showsthe IVD of the silages. Therewas
generally a significant decrease (27<0.05)inIVD in
allsilages with time. The decreasein1VD was more
rapidin guinea grass silage and slowestin leucaena
silage. There were also significant differences
(P>0.05) observed between guinea grass silage-
and the others on the 30th day.

Discussion

The variations observed in the chemical constitu-
entsofthe grasses and legumes are consistent with
published results (Norton, 1982). However, the
difference between the guinea grass and sorghum
indicates that though the two were grown over the
same period they were at different physiologically
developmental states at thetime of harvest. These
notwithstanding, all the different forage specics
had similar in vifro digestibility.

The organicacid productionin the grass silages
was relatively fast such that by the 7th day of
ensiling a stable pH was already produced. On the
contrary, development of lacticacid in the leucaena
silagewas very little such that e_venby the 13thday
of ensiling, pH was still high. Indeed, Alli, Baker
& Garcia (1983) reported that the fermentability
rate of leucaena was slow. The difference in the
fermentability rate of the grass and legume when
ensiled may be due to the higher content of water
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Dry Matter Content and Cell-wall Components of Silages as influenced by

TABLE 2

Ensiling Period

soluble carbohydrates in the
grass (Kaiser, 1984), aggravated
by the very high buffering ca-

Characteristic Daysof  Guinea  Sorghum Leucaena pacity of the legume
ensiling _ grass (McDonald, 1981; Kaiser,
Dry matter 1 2676 1482 3749 1984). Consequent upon these
3 2682 1508 354.1. changes, the pH of the legume
5 2629 1509 3583 . ) . .
7 2657 1451 3585 silage remained relatively high.
0 2674 155.1 3583 Unlike most tropical forages
SE=12.10 which on ensiling have high pH
Neutral detergent fibre 1 7543 M2 6000 (Miller, 1969; Catchpoole &
3 7565 713 5712 Henzel, 1971), the grass silage
5 753.1 7 5747 in this experiment had a com-.
7 7532 7231 5884 paratively low pH and may be
¥ 7623 7263 5827 considered good even by tem-
SE=46.98 perate grass silage standards
Acid detergent fibre 1 4893 4535 4153 (Flynn, 1981).
3 4889 4556 919 Alli, Baker& Garcia(1983) b~
5 4887 4487 4038 .
e 4812 4622 2950 served adecrease in T-N content
30 520.5 4807 4246 of leucaena silage even though
SE=3.19 in the same experiment no such
Celfulose . 3939 38556 2404 observation was made of alfalfa
3 3967 3768 241.0 silage. Thereasonforthis obser-
5 3939 3831 251.1 vationis, perhaps, thatthere were
7 3938 3951 2488 losses of some VBN when the
» 4112 3962 29 silo was opened and also during
SE~187 sample preparation.
Acid detergent lignin 1 78.1 589 146.6 Increase in VBN on ensi]ing
3 o6 330 1412 is due primarily to proteolysis
5 74.1 552 154.4
7 796 522 1479 by plant enzymes (McDonald,
30 797 654 1502 1981) and also by butyric acid
SE=1.50 bacteria (Kaiser, 1984). The
VBN levels obtained for silages
TABLE 3 . . .
in the experiment reported here were relatively
In vitro Digestibility of Silagg.s' as influenced by Ensiling low compared to some of the published results
Period even for leucaena (Catchpoole & Henzel, 1971;
Forage type Kaiser, 1984) and hence may be considered very
Days'of ensiling | Guinea Sorghum  Leucaena good silages (Flynn, 1981; Fujita, 1984; Thomas
grass  SE = 1.866, n=S & Thomas, 1985).
) 5528a 55.96 4600 Fermentation of water soluble carbohydrates
3 54902 5493a 5484a and production of VBN during ensiling causes a
5 51.97b 52.13b 54.66a relative increase in structural carbohydrate com-
7 51.94b 51.83b 5391a ponent, viz., NDF, ADF and cellulose, hence the
30 48.85¢ 51.96b 51.55b observed increase in these chemical components
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on ensiling. Even though Kuntzel & Zimmer
(1972) as quoted by Wilkins (1981) have indi-
cated that structural carbohydrates may contrib-
ute to the fermentation quality of silage this was
not observed in this experiment.

The decrease in IVD with time such as ob-
served in the present experiment is very well
documented (Brown & Rodcliffe, 1970;
Dermarqguilly & Jarrige, 1970), and it is due
largely to some potentially digestible portion,
protein and water soluble carbohydrates, which
were fermented and the volatile characteristic of
the resultant products. On the contrary, variation
in the fermentability ‘rate as well as degree of
solubility of the residual structural carbohydrate
component may explain the difference in IVD of
the three silages with time. ‘

Conclusion
The experiment discussed here has shown that
when ensiled in a properly-sealed silo, guinea
grass and sorghum ferment very fast reaching a
stable pH value by the 7th day. On the contrary,
leucaena silage ferments very slowly and hence
the decrease in pH is not rapid.

T-N content decreased but VBN (expressed as
gkglof T-N)increased. IVD decreased with time
in all silages and the decrease was faster in guinea
grass silage than in leucaena silage.
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