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ABSTRACT

Two different isolates of lactic acid bacteria, Lactobacillus plantarum H5-MI3F and
Pediococcus - pentosaceus Ac2-M13F were confirmed by morphological and phylogenic
identification. H5-M13F was rod shaped, gram positive, negative for gas production and catalase
activity, homofermentative, and grew at 10 — 45 C, pH 3.5 - 9.6, and 1.0 -10 % NaCl. Isolate
Ac2-M13F was coccus shaped, gram positive, negative for gas production and catalase activity,
heterofermentative, and grew at 10 —45 C, pH 3.5 — 9.6, and 1.0- 6.5 % NaCl. Amplification of
the ITS regions from isolates HS-M 13F and Ac2-M13F were confirmed by using Primer OPA-3.
The phylogenetic tree from PAUP analysis indicated that isolate H5-MI3F clustered with
Lactobacillus sp. and isolate Ac2-M13F with Pediococcus sp. Phylogenetic analysis and
dendrograms revealed no relationship between the two groups. It was found that isolate H5-
M13F mostly isolated from silages (87.59%) while isolate Ac2-MI13F was found at a low
incidence in silages (3.19%). Lactobacillus ~ plantarum H5-MI13F and Pediococcus pentosaceus
Ac2-M13F from silage of guinea grass showed the ability to produce extracellular degradative
enzymes. Pediococcus pentosaceus Ac2-M13F produced amylase and protease and Lactobacillus
plantarum H5-M13F produced protease.

The study was also to improve the quality of pineapple plant silage by leucaena
supplementation and using it as roughage during the shortage of green forages. There were five
treatments as follows: - pineapple plant 100%, pineapple plants mixed with leucaena 5, 10, 15%
and guinea grass 100%. The completely randomized design (CRD) with four replications. All

treatments were put in 1%NaCL and tightly sealed in plastic containers. They were stored at room



temperature for 21 days. The silage treatments were evaluated on physical characteristics,
chemical composition and fiber analysis. The physical characteristic showed that the color of
pineapple plant 100% was a yellow green color exhibited a good characteristic of silage. For
pineapple plants mixed with leucaena at 5, 10, 15% respectively, there were a light brown color.
Guinea grass 100%was dark brown in color. The aromas of all silage treatments were aromatic
and acidic like pickled fruit. The evaluation of chemical composition showed a highly significant
difference among the treatment groups (p < 0.01). Pineapple plants mixed with leucaena 15% was
the highest in protein and metabolizable energy percentage with the averages of 8.19% and
3,697.17 kcal/k, respectively. The percentage of crude fiber was reduced with the increase of
leucaena in the silage. Guinea grass 100% was the highest in crude fiber. The pineapple plant
silage mixed with leucaena could improve the quality of silage for ruminants.

The research was to investigate the efficiency of lactic acid bacteria on in vitro digestibility
of total mixed ration (TMR) containing pineapple plant silage 55%, rice straw 15%, cassava ship
5.6%, soybean meal 12.6%, palm kernel pulp 14.2%, rice bran 5.65%, premixed 0.15% and
molasses 2%. The experiment was manipulated using completely randomized design (CRD) with
four replications. Treatments were used as TMR treated with lactic acid bacteria as follows: -
1. TMR non-treated one, 2. TMR treated with Lactobacillus pantarum (LP), 3. TMR treated with
Pediococcus pentosaceus (PP), 4. TMR treated with Pediococcus acidilactici (PA), and 5 TMR
treated with L. pantarum + P. pentosaceus + P. Acidilactici (LPP). The treated TMR was mixed
and put in polyethylene bags and stored at ambient temperature for 7 days before analysis. The in
vitro digestibility test was used pepsin cellulase in vitro digestibility method. The results showed
that there were significant differences (P<0.01) of the nutritive value of TMR by proximate
analysis and fiber analysis which treated lactic acid bacteria. The dry matter was changed from
68.28% to 79.80%, 79.79%, 79.40%, and 79.42% for LP, PP, PA and LPP respectively. TMR
treated with PA gave significantly higher protein (10.97%) than PP (10.02%), LPP (9.77%) and
LP (9.65%). TMR treated with LP gave significantly higher NDF (34.13%) than PA (32.61%),
LPP (31.69%) and PP (30.20%). TMR treated with PP gave significantly lower ADF (20.29%)
than LP (20.60%), PA (21.60%) and LPP (22.59%). For the digestibility, results showed that the
TMR treated with lactic acid bacteria using pepsin cellulase in vitro digestibility which applied
LP, PP, PA and LPP could improve the digestibility of TMR, which significantly increased in
digestibility of TMR (P<0.01). TMR treated with PA gave significantly higher digestibility

(66.21%) than LPP (66.20%), PA (65.16%) and LP (64.98%). The rate of increase and decrease



/ of digestibility and fiber in TMR treated with LAB were increased in dry matter and decreased in
fiber. TMR treated with LP gave higher increased dry matter (+16.87%) than PP (+16.86%), LPP
(+16.31%) and PA (+15.76%). TMR treated with PP gave higher decreased in crude fiber
(-12.75%) than PA (11.49%), LPP (-9.43%) and LP (-8.23%). Therefore, it was suggested that
TMR treated with lactic acid bacteria of TMR may possible to develop as biological animal feed

for ruminant.
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CHAPTER I

INTRODUCTION

1.1 Statement and Significance of the Problem

Guinea grass (Panicum maximum) is a fiber resource generally used for ruminant feed in
Thailand (Aganga and Tshwenyane. 2004). One problem is the lack of subsequent crops of good
quality roughage which can be fed to dairy cows during the dry season. Therefore, implementation
of quality roughage in the rainy season comes to storage in the form of fermented forage or silage
that can solve the feed shortage problem. The main factors involved to produce silage more
rapidly by using potent degradative microorganism especially lactic acid bacteria (LAB)
(McDonald et al. 1991; Brookes and Buckle. 1992). The species diversity of bacteria may vary
according to type of forage to be fermented (Cai et al. 1999a, 1999b; Ennahar ef al. 2003; Wang
et al. 2006; Parvin and Nishino. 2009, 2010). This research was focused on finding potent lactic
acid bacteria to be used in silage for animal feed. Enzyme production activities in silage are also
available to break down forage fiber. Wallace et al. (2001) reported that the relationship between
enzyme activitics and in vitro gas production were using grass and corn silage had significant
positive correlations with cellulase activity and gas production from grass silage. The question is
how to improve the nutrition of farmers’ ruminant animals when each animal raiser keeps only
one animal. In flood or summer, the major fodders available are grass or rice straw, together with
limited quantities of hay and concentrated feeds. As a minimum, it is essential to provide a green
fodder supplement to enhance rumen function for bovine animals. For animal raisers with limited
production capacities, finding enough feed in the flood or summer months to maintain good
production is always a problem, There were many forced to buy roughage, concentrates or silage
just to keep their animals alive and are unable to benefit financially due to the higher prices paid
for animal feed in the flood or summer months. The objective of this research was to identify and
investigate effective lactic acid bacteria producing enzymes to degrade silage consisting of
Guinea grass (Panicum maximum) for animal feed.

Pineapple is one of the economic fruits of Thailand. This product is mostly used for fresh fruit
consumption and processing products within the country and exported in terms of canned fruits
and frozen fruits. There are large amounts of pineapple plant which are harvested fresh for fruit

consumption and processing products such as canned pineapple (Gowda et al. 2015). Thus, the



farmer must dispose of this large amount of pineapple plant waste to alleviates this problem for a
green environment, Now they try to make a value-added aspect of pineapple and their by-
products. Also, the use of pineapple plants contributes to useful material for the industrial sector
such as textile, pineapple fibre cloth, enzyme, combustible material, etc. Pineapple is a
component of the trunk. Farmers cut off the plants after harvesting. Pineapple leaves are waste or
by — product of agriculture. There is almost all year long and will be much in range November —
June because it is period when most farmers collect the yield delivered factory, which meet the
drought season, where farmers shortage of fresh grass for ruminant. The analysis of pineapple
leaves showed that the protein 8.47 %, fibre 17.89 %, ADF 25.87% and NDF 42.28 % {(Warunee
and Walaikhan. 1998). Pineapple leaves can be used as a component in total mixed ration for
dairy feed, without any effect on milk production. The most important aspect of animal husbandry
is to reduce the costs of production or the costs of animal feed in order to maintain the livestock
business. The reduction in production costs that can be achieved is the feed efficiency. Ruminants
are animals that use both concentrate and roughage. Roughage include forage crop such as grass
and legume. But roughage is usually of low quality and insufficient for the needs of ruminants.
Because the farmers have limited space in the preparation of forage crop or pasture and often
lacking, especially during the dry season. There are various by — products in agriculture instead
such as pineapple leaves, or pineapple plant can be used to feed dairy cattle (Prachya et al.2001).
Pineapple leaves or pineapple plant can be a source of roughage for ruminants, but lack of
knowledge and understanding of the proper use, the opportunity to be used to maximum benefit.
Because of this, it is necessary to develop appropriate knowledge for farmer to increase farmers’
incomes. Suchat et al. (2011) was to determine the effect of ensiled pineapple waste compared
with pangola hay as roughage source on rumen fermentation and feed utilization of native cattle.
The apparent digestibility of dry matter, organic matter, crude protein, neutral detergent fiber and
acid detergent fiber in cattle fed only pineapple waste as roughage source was higher than in
cattle fed only pangola hay. The pineapple waste has several benefits in terms of increasing
caloric density, digestibility and feed utilization as compared to pangola hay. Moreover, it also
enhances populations of dominant cellulolytic bacteria in the rumen. The chemical composition
of the pineapple plant is high in fibre which makes it is a good source of fibre for ruminant feed.
Pine apple plants could be used as ruminant feed in silage forms to preserves the quality of its
nutrient (Sayan 2004). Furthermore, it can be kept for a long time. Pineapple plant silage can

alleviate a malnutrition in ruminants during the dry season or flooding time. It is a high-quality



silage because it is good in digestibility and palatability. It is easy for animal raisers to make
pineapple plant silage for their animals by themselves. This can help reduces animal feed cost and
increase the quality of feed which is reflected in the high production performance of their animal.

However, the quality of silage is depending on feed additive uses during the making processes.

1.2 Objectives

The general objective was to evaluate the lactic acid bacteria specifically, the study aimed to:
1.2.1 To identify of lactic acid bacteria in silage by polymerase chain reaction

1.2.2 To test of enzyme production of lactic acid bacteria

1.2.3 To screen lactic acid bacteria for ruminant nutrition improvement

1.2.4 To test leucaena to improve the quality of pineapple plant silage

1.3 Scope of the Study

This research work was covered for collection, isolation and identification of lactic acid
bacteria and enzyme production from silage of guinea grass (Panicum maximum). Efficiency of
lactic acid bacteria as the potent degradative microorganism to digest the total mixed ration by in
vitro. Three lactic acid bacteria as lactobacillus pantarum, Pediococcus pentosaceus and
Pediococcus acidilactici were treated with TMR and evaluation of Pepsin-Cellulase in vitro dry
matter digestibility, Further research study was to test leucaena to improve the quality of

pineapple plant silage.
1.4 Time and Place of Research Work

The study was conducted at the laboratory of the Department of Animal Production
Technology and fishery, Faculty of Agricultural Technology, King Mongkut’s Institute of
Technology Ladkrabang (KMITL) Bangkok, Thailand. The Evaluation of goat production
performance and nutrient digestibility was conducted at the Rus goat farm, Prachuap Khiri Khan

Province. The research work of thesis was started from August 2014 until December 2016.



CHAPTER I

LITERATURE REVIEW

2.1 Lactic Acid Bacteria

Lactic acid bacteria are gram positive bacteria non-spore forming, non-pigmented, catalase-
free and non-catalase and not moving but some stains rarely motile require little air to grow.
Some microaerophiles can grow in strictly anaerobes. Lactic acid bacteria are characterized by
ovoid cocei, short rod and long rod. (Brookes and Buckle. 1992; Axelsson 2004). Some species
have both (Ennahar et al. 2003). Most of them are able to grow at temperatures ranging from
5 - 50 degrees Celsius (mesophilic). The optimum growth temperature is 25 - 40 degrees Celsius
(McDonald et al. 1991; Axelsson 2004).

Lactic acid bacteria have outstanding properties highly resistant to lactic acid. The optimum
pH for growth was 5.0-6.0. Some strains were able to grow at pH 4.0 and 3.5 with varying
nutrient requirements, depending on species. Lactic acid bacteria found in silage are epiphytic
lactic acid bacteria. The sugar components contained in the plant are available for growth
(Woolford 1984; McDonald et al. 1991).

2.1.1 Lactobacillus

Lactobacillus sp. is the largest group of lactic acid bacteria. High diversity of phenotypes
and biochemicals. The cells are short rod and long rod, or coccobacilli and aciduric. The ideal pH
for growth is in the range of 5.5-6.2. It is a species that needs little air to grow need many
nutrients, some strains could produce pseudo-catalase it was a bacteria fermented sugar both
homofermentative and heterofermentative, The product is lactic acid with D-isomer L and DL
(1, 1 and DL-lactic acid) depending on species. Moles of base guanine and cytosine (Mol% G + C)
are between 32-53 percent (Axelsson 2004)

2.1.2 Pediococcus

Pediococcus is lactic acid bacteria that have cocci cells. There is a two-way divide on the
same plane sorted in pairs or four adjacent cells. The cells are approximately 0.36-1.43 microns in
diameter not moving non-spore forming and non - capsules. In general, the colonies are 1-3 mm
in diameter. [t can grow in both aerobic and facultative anaerobe conditions. It is a fermenting

bacterium. homofermentative products are L and DL-lactic acid, depending on species (Axelsson.



2004). The molar percentages of base guanine and cytosine were 34-44 percent (Stiles and

Holzapfel. 1997).
2.2 Identification of Lactic Acid Bacteria

2.2.1 ldentification of lactic acid bacteria in the traditional way

It was a model used in the past as a media-dependent for isolation and identification culture-
dependent approach that is separated by specific media such as MRS agar (de Man et al. 1960).
Which this the formula was used to isolated lactic acid bacteria. Generally, the tamato juice agar
(Kulp 1927) a formulation used for distinguishing the genus Lactobacillus sp. is the main or M17
agar (Terzaghi and Sandine. 1975), a formulation for Lactococcus species. These media provide
the nutrients necessary for the growth of lactic acid bacteria (Kandler and Weiss. 1986). By
isolation of lactic acid bacteria will be studied morphological that was based gram staining. Then
check the shape and appearance of the cells under the microscope. Including some biochemical
tests, catalase enzyme formation and oxidase. Generating gas or not generating gas from
fermentation of glucose contained in liquid media. This is a typical detection (Kandler and Weiss.
1986; Temmerman et al. 2004). For detection to know the species level, it is a test that has a
different growth condition such as the growth at the salt concentration pH, the bile that has been
adjusted to the media used for the culture and the temperature of the media to cure at different
levels. Measurement of the lactic acid form of the lactic acid product produced by lactic acid
bacteria, including the biochemical studies of carbohydrate fermentation, used to help isolate
strains of isolated lactic acid bacteria (Kandler and Weiss. 1986, Holt e al. 1994). However, the
results provide the most accurate identification at the genus level (about 90 percent). While the
accuracy of identification at the species level is not very high (about 38 percent). [n addition, the
identification of lactic acid bacteria in the traditional method will be able to study the types of
lactic acid bacteria that can thrive under selected conditions.

Kamga and Kamga (1988) isolated and identified lactobacilli produced in Elephant grass and
Guatemala grass silage using Rogosa agar for isolation. Then take a sample to check gram
staining some biochemical and physical tests, as well as different carbohydrate fermentation, were
found that the number of lactobacilli found in elephant grass and Guatemala grass silage was
11.8x104 and 11.3x105 CFU /g, respectively from randomized collection of lactobacilli 49
isolates by 43 isolates were Gram-positive bacteria rod shaped and not moving which the isolated

isolates, 41 isolates did not produce catalytic enzymes non spore forming grow well in both



aerobic and facultative anaerobe conditions and can grow at 15 ° C slightly and only 2 isolates
can grow at 45 ° C.And from 32 different carbohydrate fermentation forms, the isolates were
identified as Lb. casei. Within 32 isolates, 22 isolates were identified as Lactobacillus casei
subsp. Casei. The other 9 isolates were not lactobacilli. Lactobacillus casei was found to be a
distinct species isolated from both types of grass silage.

Rooke (1990) reported that lactic acid and enterobacteria counts of silage samples in
Durham and Northumberland farms between 1987 and 1988 was counted on MRS agar found that
the average number of lactic acid bacteria in 1987 was significantly higher than in 1983
(P <0.01), which was 5.46 and 4.85 log10 CFU / g, respectively. In 1988, Rogosa agar was used
for counting lactic acid bacteria in addition to MRS agar. In 1988, the use of the Rogosa agar
media for lactic acid bacteria counts was conducted in addition to MRS agar, by MRS agar there
were more LAB detected. As for enterobacteria, there were no differences between the two years
of detection at 4.76 logl0 CFU / g.

2.2.2 Identification of lactic acid bacteria by modern methods

This is a method that is currently used identify in the media culture (traditional method) or
non-media identification in culture. (culture-independent approach). Both methods will have
some similar studies stages. That is, both methods can detect strains of lactic acid bacteria by
reading the sequence nucleotide DNA or RNA of an organelle ribosomal (Temmerman et al.
2004; Ben Amor et al. 2007).

For identification of lactic acid bacteria in a modern method. By the method of identification
that requires media in the culture must be able to grow the lactic acid bacteria before. If there are
several types of lactic acid bacteria present in the natural habitat, biochemical and physical tests
may be required, as well as various types of carbohydrate fermentation tests, to manage the lactic
acid bacteria in groups. Then, the representatives of the group were extracted by genetic or DNA
extraction prior to further analysis of the rRNA gene (Temmerman et al. 2004). If it is not
possible to grow the bacteria, it will not be possible to analyze the bacterial species (Kopermsub
2008).

For non-media-dependent identifications in culture analyzed the type of lactic acid bacteria
directly from natural sources that extract the genetic material of the bacteria contained in the
sample directly and bring the genetic material to increase by polymerase chain reaction technique
or polymerase chain reaction, PCR. This technique was used to increase the target DNA by using

a primer for synthesis before analyzing the DNA pattern of samples by various techniques



(Handelsman 2004). Then take the sequence of nucleotides increase the number again by cloning
into vector DNA and transferred to the host cell before analysis and comparison of the sequence
of nucleotides and living organism’s further information (Amann et a/. 1995; Wang et al. 2006).
For a molecular biometric method that was commonly used to identify LAB that occur in silage
by using media in culture, the technique was used amplified fragment length polymorphism
(AFLP), randomly amplified polymorphic DNA (RAPD)and restriction fragment length
polymorphism (RFLP) to help the species identify or grouping. While, non-media identification
in culture  used the denaturing gradient gel electrophoresis technique (DGGE). single strand
conformation polymorphism (SSCP) and temperature gradient gel electrophoresis (TGGE) for
detection of strains or groups of bacteria (Kirk ef al. 2004; Temmerman e/ al. 2004; Justé et al.

2008).
2.3 Characteristic of Guinea Grass (Panicum maximum)

The Guinea grass has the scientific name Panicum maximum, common names Guinea grass
or buffalo grass. It is a perennial grass shortly rhizomatous rooting at the lower nodes. Leaf blades
linear to narrow lanceolate. Leaves glabrous to hairy, 40-100 c¢m long, 1-3.5 cm wide, tapering to
fine point. Panicle , 12-45 cm long, and 12-25 cm wide, spikelets 2.5-3 mm long. It is widely
naturalized in the tropics. Grows naturally in open grasslands, resistant to drought and shade well
but it was not resistant to floods. Planting seeds 1 - 2 kg / rai and it’s can also be planted from root
tillers or cutting with thick stemmed was 2 x 0.5 - 2 x 1 meter. Thailand yield 3,200 kg/rai crude
protein 4 — 14 %, depending on the cutting life. P. maximum is well eaten by all classes of
grazing livestock, with particularly high intakes of young leafy growth. Peiris and Ibrahim (1995)
reported that the crude protein content in young Guinea grass and mature grass were 10.01 and

3.9 percentage. The organic matter digestibility of young grass (69%) and mature grass (62.5%).
2.4 Silage

Silage is the use of forage crops for the animals to fermentation using high initial moisture
content (McDonald et al. 1991). Anaerobic fermentation process, which was based on lactic acid
bacteria (LAB), that can use water soluble carbohydrates (WSCs) in raw materials. This produces
high levels of lactic acid, resulting in a decrease in the pH value, which inhibits the growth of
contaminated microorganisms that cause spoilage in forage crops fermentation (Brookes and

Buckle. 1992). The good chemical composition of the silage is between 3.5-4.2. In addition,



lactic acid should not be less than 50 percent of all organic acids. Butyric acid content was not
more than 0.5 percent and ammonia nitrogen (NH,-N) content was less than 10-15 percent of total
nitrogen (Somchit 2006; Church 1991; Seglar 2003)

Pasebani et al. (2010) investigated the number and types of lactic acid bacteria in grass,
found that Guinea grass contained less lactic acid bacteria. In addition, the amount of lactic acid
bacteria in the heterofermentative group more than Homofermentative groups and it is
recommended that this grass fermentation should be added lactic acid bacteria to assist in the
fermentation process after 2 days of incubation, the lactic acid bacteria in the water of fermented
plants were 8 log " ¢fu / ml. When added to 1% w/w fermentation medium, 6.08 logID cfu Per
gram of live plants, which is the appropriate amount for the initial culture of the fermentation
process (McDonald et al. 1991; Weinberg and Muck. 1996).

McDonald et al, (1991) suggested that lactic acid content in good quality fermented plants it
should be approximately 3 to13 percent of the dry matter content. It has been reported that acetic
acid is the most common acid in non-supplemented fermented guinea grass (Niimi and
Kawamura. 1998; Shao et al. 2004; Bureenok et al. 2005). Bustos et al. (2005) found that in the
absence or absence of glucose Lactobacillus pentosus can produce lactic acid and acetic acid by
using sugar pentose from hemicellulose. The ability to produce lactic acid and tolerance to low
pH are important criteria to consider when selecting the strains of lactic acid bacteria for
inoculants. The addition of lactic acid bacteria might improve silage quality and increase

digestibility and voluntary intake (Ando ef.al. 2006).
2.5 Leucaena

Leucaena leucocephala (Lam.) is a vigorous, rapidly growing, drought tolerant, palatable
and high yielding tropical or subtropical legume (With annual rainfall of 500 to 3000 mm),
enriched in protein (25-35% CP) and other nutritional components. It is considered a miracle tree
for its protein rich foliage (20-30%), fast growing habit, drought tolerance, good high energy fuel,
organic nitrogenous fertilizers and its charcoal gum etc. Multi-purpose uses in industries, drought
and pest resistance capabilities, effectiveness to control soil erosion and properties to fix nitrogen
in soil all made it something legendary. In wet tropics, yield of 20t dry matter/ha/year have been
obtained with crude protein yields in excess of 3t/ha.

The chemical composition of Leucaena leucocephala depends on several factors. The major

factors include location, variety and age of plant, soil type, season, drying methods. The nutrient



composition of Leucaena fodder exhibited considerable variations during different months of the
year. The range of various nutrients are like, dry matter 24.98 to 36.39, crude protein 18.9 to
27.57, crude fiber 10.16 to 17.23, ether extract 2.59 to 5.88, nitrogen free extract 46.70 to 59.91
and total ash 7.49 to 10.90%. The range of nutrients reported by several other workers were :
crude protein 15.22 to 31.43, crude fiber 7.33 to 16.65, ether extract 2.50 to 7.10, nitrogen free
extract 38.62 to 57.6, neutral detergent fiber 27.3 to 46.30, acid detergent fiber 14.4 to 29.79,
Cellulose 7.10 to 16.77, Hemicellulose 12.9 to 16.51, Lignin 4.4 to 12.81, total ash 6.8 to 12.5, Ca
0.70 to 2.70, P 0.17 to 0.35%; gross energy 19.0 to 20.1 MJ kg'] and B-carotene 227 to 246 mg
kg'I (Monoj and Samiran. 2007).

Leucaena leucocephala (Leucaena) is a perennial tropical legume that can be directly
grazed or harvested and offered to ruminants as hay, silage, or fresh. However, Leucaena contain
phenolic compounds, which are considered anti-nutritional factors as these may reduce intake,
digestibility and thus animal performance. The rumen microbial population, especially
cellulolytic, proteolytic bacteria and fungal zoospores were enhanced in steers that received 60%
of Leucaena silage. whereas the amylolytic bacteria population was not affected. Protozoal
population was linearly decreased with increasing level of Leucaena silage, Moreover, N-balance
and microbial protein synthesis were enhanced by Leucaena silage feeding and were the highest

in 60% Leucaena silage. (Thien Truong et al. 2017).

2.6 Pineapple

Pineapple (4nanas comosus) is a commercial horticultural crop grown in some regions of
India, East Asia, and Africa. In India, this crop is grown in about 90,000 ha of land, and about
35%fresh fruit is processed in industries for juice, jam, and canned products for human
consumption. Out of the whole fruit, about 65 % is nonedible that includes spent pulp, peels,
crown with leaves, and pomace and hence represents substantial residual biomass (Upadhyay
et al. 2010). In India, an estimated quantity of 1.3 million tons of pineapple fruit residue is
available annually and has no well documented usage except as a waste. Due to high moisture and
sugar content, the keeping quality of pineapple fruit residue is low resulting in putrefaction. This
residue is a serious problem for disposal and also is an environmental safety issue. There are few
reports suggesting the use of pineapple fruit residue in livestock feeding (Das et al. 2013), but
complete studies on assessing the nutritive value, improving the keeping quality and livestock

performance fed on pineapple fruit residue, are lacking. Hence, the present investigation was



undertaken to develop an effective technique to preserve pineapple fruit residue and examine the
possibility of using pineapple fruit residue in livestock feeding as a novel feed resource.
Pineapple is a commercially important fruit crop grown in Asian and African countries. Pineapple
fruit residue accounts for more than 65%of the processed fruits, and its disposal is a major
problem due to its high moisture and sugar content predisposing it to fungal growth and spoilage.
Silage technique was adopted to address this problem, and the pineapple fruit residue silage was
evaluated for its feeding value. It was observed that on 15th day, the pH of pineapple fruit residue
silage was  4.2-4.3 and lactic acid content was 6-8 % (DM basis). Combination of 4 parts leafy
crown and 1-part peels/pomace was found very ideal to achieve moisture content of 65-70 % and
produced a good quality silage with minimum fungal count (<3—4 colony forming units) on 15"
day of ensiling. Nutritive value in terms of energy and minerals was superior to maize green
fodder. Feeding trial in two groups of sheep with 10 numbers in each group fed total mixed ration
(TMR) comprising 62 % pineapple fruit residue /maize silage and 48 % conceﬁtrate mixture (DM
basis) for 75-day period did not show any adverse effects on nutrient utilization (DM, CP, NDF,
ADF), serum biochemical (total protein, creatinine, urea nitrogen, SGOT, SGPT), and mineral
profile (Ca, P, Mg, Cu, Zn, Mn) and supported a daily growth rate of 140 g. The overall
performance was similar to those sheep fed total mixed ration with maize green fodder silage.
Feeding pineapple fruit residue silage replacing hybrid napier green fodder in two groups of cows
with eight in each group showed an improvement in average daily milk yield by 3.0 lit per cow
and fat content by 0.6 U fed pineapple fruit residue silage-based total mixed ration as compared to
cows fed hybrid napier green fodderbased total mixed ration. In both studies (sheep or cows),
there was no evidence of metabolic or health-related disorders indicating that pineapple fruit
residue silage was effectively utilized. Pineapple fruit residue that was hitherto wasted was
successfully converted to silage and was found to be a valuable alternative to conventional green
fodder. Ensiling of pineapple fruit residue not only improved the economics of feeding but also

helped in overcoming the disposal problem (Gowda er al. 2015).
2.7 The Total Mixed Ration: TMR

The word "TMR" comes from total mixed ration or complete ration (CR) or mixed feed
produced by mixing roughage and concentrate in a suitable ratio. The proportion of both types of
food must be calculated from the dry matter to meet the requirements of ruminants then the beef

cattle - dairy cattle instead of traditional farming. This will separate the roughage and concentrate



in the normal way that the dairy farmer will feed rough the whole day ad libitum and to
concentrate food supplement 1-2 times a day while milking. For the convenience of transportation
and storage, many companies produce total mix ration in the form of TMR pellets, TMR powder
or TMR fermented feed (Chinda 1998; Muller 1990; Wachirapakorn 1997). Total mixed rations
(TMR) have been widely used for dairy cattle because they combine forages, grains, protein
feeds, minerals, vitamins and feed additives formulated into a single feed mix to satisfy the
nutrient requirement of animal. TMR are highly deteriorative feedstuffs, needs to be prepared
near to time of use. This rapid deterioration restricts its use on some farms due to labor shortage.
Ensiling TMR avoids daily labor for TMR preparation, it also improves preservation and facilitate
long distance transportation. Ensiling industrial and agricultural by-products with concentrate as
TMR silage could provide year-round nutrition balance feed, and also could improve the
palatability by altering odors and flavors from by-products through silage fermentation (Nishino
et al., 2003). Due to sufficient fermentable substrate and epiphytic LAB in TMR mixture, all the
TMR silages showed good fermentation attributes. L. plantarum further enhanced the LA
fermentation compared to control, even though the inoculant application rate was similar to the

epiphytic LAB population. (Yuan, X., et al. 2015).
2.8 The Role of TMR Feed

The pH in the rumen is important to the digestive process of cattle. PH control in the rumen
was fixed, it can increase digestion effectively. The pH range should be 6.0 - 6.5, which this pH
was directly affected by feed. If cattle were fed separately between roughage and concentrate the
pH in the rumen will change with the feed that was given. If feed cow with concentrate, which
normally this feed will have high energy digestion. The condition in the rumen was decreased in
pH. If the concentrate was large amount, the chances of the rumen become more acidic. If the pH
was less than 5, the efficiency of the feed decreases. Dairy cows were low in milk and cattle show
high acid in the stomach and when cows grazed or roughly fed, the acid in the rumen was higher.
Because cattle were ruminating cause of salivation. It has an alkaline back flow into the rumen.
It will help to improve the condition of the acid. So that, feeding roughage and concentrate
simultaneously in the form of TMR diets. It is one way to control the level of acidity in the

rumen, better to feed separately (Chinda 1998; Muller 1990).
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2.9 Ratio of Roughage to Concentrate

In TMR diets, the proportion of roughage to concentrate was uncertain, depending on the
quality of feed ingredients used in the formula feed. However, the higher proportion of roughage
will result in a decrease in the dry matter intake of cattle. (Dhiman et al. 1995; Tessmann et al.
1991). As a result, the amount of milk and lactose in milk decreased but fat percentage in milk
increased (Macleod ef al. 1983), and when the cows get insufficient energy, the body pulls out the
energy accumulated in the body to reduce the weight of cattle. Dhiman et al. (1995) studies on the
proportion of roughage to concentrate that affects blood metabolism. It was found that the
proportion of roughage increased but the concentration of B-hydroxybutyrate increased as the
proportion of roughage increased but the glucose content decreased. It was found that in the TMR
formula should have a roughage of not more than 60 percent (Hermandez et al. 1976; Weiss and

Shokey. 1990, 1991).
2.10 Size of the Fiber in the TMR.

In the TMR recipe, the need to reduce the size of the roughage to reduce feed spoilage can
increase the dry matter intake and reduce the selection of foods. However, the reduction portion
of roughage resulted in dairy cows reduced time to rumination, the secretion of saliva is reduced,
the rate of flow of roughage from the rumen faster; the digestion of feed was low and the
proportion of acetic acid to propionic decreased. It was also reduced the fat in the milk. Woodford
et al. (1986) studied the length of the fiber at 0.26, 0.46, 0.64 and 0.90 cm, using the same neutral
detergent fiber level of 27.4 percent. There were no statistically significant differences in feed
intake, ruminating time, milk yield, digestibility and the flow rate of feed from the rumen. At the
same time, the size of the fiber was longer than or equal to 0.64 cm, preventing the reduction of
milk fat. Grant et al. (1990) studied the size of silage in 2.0, 2.6 and 3 mm. There was not
difference in feed intake and milk yield. Milk fat was found to decrease when the fiber size
decreased. In addition, the pH level and the proportion of acetic acid to propionic acid decreased
when cattle fed a diet of reduced fiber size. The reduction in fat percentage was due to the fat
production process in the milk, the volatile fatty acids were used as precursors, especially acetic.
For this reason, the ruminants get a small fiber the rate of flow out of the rumen faster the amount

of acetic acid produced was low and the milk fat was reduced.
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2.11 Utilization of TMR

Mayed (2016) reported that TMR nutritional value consists of DM 83.98%, CP 13.37%, CF
15.49%, Ash 5.77%, NDF 45.96%, ADF 22.43% and ADL 10.60%. TMR diets containing 80%
concentrate: silage 20% was most suitable for goats. There was feed intake (416.32 g/head/day),

weight gain (5.16 kg/head), growth rate (61.43 g/head/day), feed conversion efficiency (9.76) and

feed cost (2.64 baht/head/day).



CHAPTER III

RESEARCH METHODOLOGY

This research work was divided into four parts.

1. Isolation and identification of lactic acid bacteria.

2. Enzyme production analysis.

3. Application of Leucaena to improve quality of pineapple plant silage

4. Efficiency of lactic acid bacteria to digest the total mixed ration by in vitro technique
3.1 Isolation and Identification of Lactic Acid Bacteria

3.1.1 Isolation and identification of lactic acid bacteria from silage

3.1.1.1 Silage preparation

Forty-five-day-old guinea grass (Panicum maximum) was cut into 5 cm pieces by sickle
starting at the ground level. The harvested material samples were chopped to 2-3 cm by knife.
The pre-silage material samples were mixed with 1% NacCl, put in polyethylene bags and stored at
ambient temperature for 21 days. A total of 25 g per samples was dissolved in 100 ml sterile
water and stirred for 10 min. The pH values were rnez-isurcd using a pH meter (Polan er al. 1998).
After a 21 days fermentation, the color and aroma of the silages were described according to the
score indices of Muhammad et al. (2008). For the color description, the silage was scored as | =
dark or deep brown, 2 = light brown, 3 = pale yellow and 4 = yellowish green. For the aroma
description, the silage was scored as | = putrid or rancid, 2 = pleasant, 3 = sweet and 4 = very
sweet. The analysis of total count of lactic acid bacteria was done by dilution plate method.

3.1.1.2 Isolation

The samples were collected from the silage in three parts of each silo, upper, middle and
lower parts. The samples consisted of 100 g from each part which were mixed, and 10 g randomly
collected sub samples were diluted with distilled water then mixed with 90 ml of 0.1 % peptone.

The sample was serially diluted up to 1076, then 0.1 ml was pipetted and spread plated on de Man,



Rogosa and Sharpe broth (MRS) mixed with calcium carbonate 1 % (de Man et al. 1960) and
incubated at 30 + 4°C for 48 hours the single colonies observed and isolated into pure culture.

3.1.1.3 Morphological identification

Gram stain technique was used to differentiate two large groups of bacteria between Gram
positive and Gram negative which appeared violet or red, respectively. Those bacteria that hold
on to the primary iodine dye complex and remain violet were characterized as called Gram
positive and those which are decolorized and subsequently take up the counterstain (pink/red) that
were characterized as gram negative. The morphology of isolated lactic acid bacteria was noted
based on the methods of Kandler and Weiss (1986) (Gram’s stain, Catalase test, and Gas
production test). The resultant data were compared with the descriptions of Kandler and Weiss
(1986) and Stiles and Holzapfel (1997). The catalase production test was done using a dropper or
Pasteur pipette, placing 1 drop of 3% hydrogen peroxideonto the microorganism on the
microscope slide, which were mixed. The microscope slide was immediately covered with a lid to
limit aerosols and observe for immediate bubble formation (O, + water = bubbles). The formation
of bubbles against a dark background enhanced readability. Positive reactions were indicated by
immediate effervescence (bubble formation). The microscope slide placed over a dark
background viewed with a magnifying glass or microscope (40 x) was used to observe weak
positive reactions. No bubble formation (no catalase enzyme to hydrolyze the hydrogen peroxide)
represents a catalase-negative reaction (South Bend Medical Foundation.2010). Gas production
was tested by transferring pure cultures into MRS mixed with 1% NaCl. Durham tubes containing
sterilized liquid media were incubated at 30 + 4” C for 48 hours. Tubes filled with gas, indicated
heterofermentation, tubes without gas, homofermentation (Hayward 1957). A growth test with
different temperature regimes was done by transferring pure cultures into sterilized MRS media
and incubating at 10, 30 and 45° C for 48 hours then observing for turbidity (Cai er al. 1998;
Yang et al. 2010). Salt tolerance was tested at different concentrations of NaCl by transferring
pure cultures into sterilized MRS mixed with sterilized NaCl at 1, 3, 6.5 and 10% w/v, and
incubating at 30 = 4°C for 48 hours and observing for turbidity (Cai et al. 1998; Yang et al.

2010). The growth test for different pH levels was done by transferring pure cultures into



sterilized MRS with pH adjusted to 3.5, 5.7 and 9.6, incubating at 30 + 4°C for 48 hours and
observing for turbidity (Kandler and Weiss. 1986; Yang et al. 2010). Morphological identification
was done by following the methods of the Bergey Manual of Determinative Bacteriology
(Holt et al. 1994).
3.1.2 Phylogenetic identification

The isolates of LAB were separately cultured on MRS mixed 1%calcium carbonate,
incubated at room temperature (30 + 4°C) for 24-48 h; single colonies were collected for DNA
extraction and observed under a compound microscope for morphological characteristics (Oneca
et al. 2003). The OPA-3 primer (5’-AGTCAGCCAC-3") was used (Quere et al. 1997). The 25 |LI
PCR solution of consisted of 1X PCR buffer with (NH,),SO, (Tris-HCl 75 mM, pH 8.8, 25°C,
(NH,),S0O, 20 mM and Tween 20 0.01 %), MgCl, 2 mM, dNTP 400 [AM, primer OPA-3 0.4 LM,
Taq DNA polymerase 0.1 unit/ [l and the cultured colony to amplify DNA fragments. A cycle
was consisted of an initial denaturation at 94 C for 5 minith and followed by 45 cycles of
denaturation at 94° C for 30 secs, annealing at 36°C for | minith and extension at 72 °C for 1
minith. PCR products were sent to purify and sequence. The sequences were aligned and adjusted
using Clustal X program for phylogenetic analysis. DNA sequences were edited and aligned with
the Bio Edit program, version 7.0.5 (http://www.mbio.ncsu.edu/BioEdit/bioedit.html). Sequences
were multiply aligned with Clustal X version 1.83 before performing the analysis using the
maximum parsimony method with (PAUP) 4.0b (Swofford 1998). For maximum parsimony
analyses, bootstraps of 1,000 replicates were performed to examine the relationships of each
isolate. Maximum parsimony trees were calculated via fast stepwise addition with representative
isolates from GenBank (http://www.ncbi.nlm.nih.gov) and Enterococcus spp. was used to analyze
as the out-group. Genetic relationships among Lactobacillus spp. and Pediococcus spp. isolates
were determined using the sequences of the ITS region of rDNA to construct phylogenetic trees.

3.1.3 Proximate composition analysis of silage
For each treatment, 1000 g of fresh material were random collected to determine nutrient
composition. The samples were oven dried at 60°C for 48 hours prior to proximate analysis. Dry

matter (DM), Ash, Crude fat (CF), Ether extract (EE), Crude protein (CP) and Crude fiber (CF)



were determined according to the methods of AOAC (1995). Neutral detergent fiber (NDF) and
Acid detergent fiber (ADF) were determined according to the method of Van Soest and Robertson

(1979). All analyses were conducted using the Fibertec System M6 (FOSS, USA).

3.2 Enzyme Production Analysis

The lactic acid bacteria were screened for their ability to produce extracellular degradative
enzymes such as amylase, protease, lipase, cellulase and ligninase.
3.2.1 Enzyme production

The two species of LAB isolated from silage were selected for their ability to produce extra
cellular degradative enzymes such as amylase, protease, lipase, cellulase and ligninase. Three
replicates of each treatment were assayed, and non-transferred plates served as negative controls,
Transferred plates were incubated at 25° C and checked at either 5 or 10 days depending on the
growth rates. When the colonies grew over 50-60 % of the area of the plate, chemical indicators
were added to assay enzyme activity and activity zones.

3.2.1.1 Amylase

“Starch agar”

Composition of starch agar medium in g/l was prepared as follows: -

KNO;, 0.5, K,HPO, 1, MgS0,.7H,0 0.2 CaCl, 0.1, FeCl, traces, potato starch 10 g, agar 15 g,
dH,0 1000 ml. Mix, shake the pH (should be 7.2) and then autoclave. Lugol solution was
consisted of 1 g crystalline iodine, 2 g KI, 300 ml dH20O, was used for staining lactic acid
bacteria.

Pour 14 ml of sterile starch agar medium in to Petri dish, let the agar solidify, streak a drop
of bacteria culture onto the starch agar plate, then was incubated at 30° C for 48 hours. When
colonies were visible, it was flooded the plate with Lugol solution, then let the iodine react for at
least 1 min. It was poured off the iodine from the plate, washed the plate with dH,O then
observed the clear zone surrounding the colony. If Starch was presented in the agar, a blue —
black color will appear: the test result is negative (i.e. hydrolysis of the starch did not take place).
If the starch was hydrolyzed by the excreted amylase, a clear zone around the bacteria colony
appears. A yellow zone around the colony in an otherwise blue medium was considered a positive

test for starch hydrolysis as modified by Gessner (1980).
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3.2.1.2 Protease

“Skim milk agar” was prepared by mixing: 1 g of agar suspended in 50 ml dH,O with 5 g
skim milk powder suspended in 50 ml dH,O was made to 100 ml “Skim milk agar™; then was
adjusted pH = 7.2 , then autoclaved and poured plates.

Pour 14 ml of sterile skim milk agar medium into a Petri dish was prepared and let the agar
solidify, the plate was inoculated with one streak of inoculum, and incubated the plates at 30°C
for 48 hours., then was observed the clear zone surrounding the colony. Clear zones surrounding
visible colonies implies a positive caseinase (protease) reaction (Folasade and Joshua. 2005).

3.2.1.3 Lipase

Lipase activity test was performed by growing the isolates on trypticase soy agar. Autoclave
70 ml of trypticase soy agar growth medium was done and kept at 50° C. One liter of the agar was
contained: 15 g Tryptone enzymatic digest of casein, 5 g Soytone - enzymatic digest of soybean
meal, 5 g Sodium chloride, 15 g Agar. Final pH 7.3 4 0.2 at 25°C were adjusted. The fat stained
with Nile blue sulfate, add 3.5 ml of melted fat to 70 ml of trypticase soy agar medium was
prepared and mixed in well and was dispensed into 5 Petr dishes. It was let for solidify and then
streaked the plates with 3 pure cultures and 1 natural sample, then was kept one plate as un-
inoculated. Fat with Nile blue sulfate (for fats which are liquid at room temperature) were
stained. A saturated solution of Nile blue sulfate in dH,0, add 1 N NaOH was prepared until
complete precipitation, filtered and washed the precipitate. Nile blue sulfate oxazine base was
used and dried the precipitate. A saturated solution of the Nile blue sulfate oxazine base was
prepared and mixed, 10 ml of any fat (e.g., Tween 80, polyoxyethylene sorbitan monolete) with 1
ml of the Nile blue sulfate oxazine base solution, the fat was kept liquid, if necessary, in a heated
water bath. 2 volumes of diethyl ether were added to the dye-fat mixture in a separator funnel and
was separated the red ether-fat layer from the water layer and washed it several times with water,
then separated the ether-water layer and evaporated the ether, autoclave for sterilization, then
stored in refrigerator, then observed the clear zone surrounding the colony. A positive test was
indicated by the occurrence of precipitated fatty acid crystals around the colony (Abdel-Rheem

and Shearer. 2002).
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3.3 Application of Leucaena to Improve Quality of Pineapple Plant Silage

3.3.1 Silage preparation

The harvested materials were 3 samples of para grass, leucaena and pineapple plants
randomly taken and chopped to 2-3 cm. (Figure 1) The pre-silage material samples were
5 treatments as follows: - 1. Pineapple plant 100%, 2. pine apple plant mixed with leucaena 5%,
3. pineapple plant mixed with leucaena 10%, 4. pineapple plant mixed with leucaena 15% and
5. grass 100%. All treatments were put into 1%NaCL2 and tightly sealed in plastic containers.
They were stored at room temperature for 21 days. A total of 25 g sample was dissolved in 100
ml sterile water and stirred for 10 min. The pH values were measured for acidity changes using
the pH meter (Polan et al. 1998). After 21 days fermentation, the color and aroma of the silages
were evaluated according to the indices score of Muhammad er al. (2008). For the color
description the silage was scored as 1 =dark brown, 2 = light brown, 3 =pale yellow and
4 =yellowish green. For the aroma description the silage was scored as 1=putrid or rancid,
2 = pleasant, 3 = sweet and 4 = very sweet.

3.3.2 Proximate composition analysis of silage

Fresh samples of 1,000 g were randomly collected to determine nutrient composition.
The samples were done by oven drying at 600 C for 48 h prior to proximate analysis. Dry matter
(DM), ash, crude protein (CP), crude fibre (CF), ether extract (EE), nitrogen free extract (NFE)
and organic matter (OM) were determined according to the methods of AOAC (1995). Neutral
detergent fibre (NDF) and Acid detergent fibre (ADF) were determined according to the method
of Van Soest and Robertson (1979). Proximate analysis was done before and after fermentation.
The experiment was repeated two times. Data were then computed using analysis of variance and
treatment means were compared with Duncan’s multiple range test (DMRT) at P =0.05 and

P=0.01.



Figure 3.1 The fresh samples of pineapple plant

3.4 Efficiency of Lactic Acid Bacteria as the Potent Degradative Microorganism

to Digest the Total Mixed Ration by in vitro

3.4.1 Total Mixed Ration (TMR) preparation
The total mixed ration feed used in this study were pineapple plants silage and rice straw

as the source of roughage mixed with concentrate. TMR was a recipe for goat meat (Table 3.1).

Table 3.1 The ingredients of TMR

Ingredients kg/100kg
Pineapple plant silage 55
Rice straw 15
Cassava ship 5.6
Soybean meal 12.6
Palm kernel pulp 4.2
Rice bran 5.6
Premixed 0.15
Molasses 2

The premixed consists per kilogram of DM: vitamin A 10,000 IU; vitamin D3 2,000 IU;
vitamin E 20 IU; Cu 10 mg; Mn 80 mg; Zn 40 mg; Fe 50 mg; 1 0.8 mg; Se 0.3mg; Co 0.3 mg
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The experiment was manipulated using completely randomized design (CRD) with four
replications. Treatments were used as total mixed ration (TMR) treated with lactic acid bacteria
as follows: treatment | was TMR non-treated control, treatment 2 was TMR treated with
Lactobacillus pantarum, treatment 3 was TMR treated with Pediococcus pentosaceus, treatment 4
was TMR treated with Pediococcus acidilactici, and treatment5 was TMR treated with
L. pantarum + P. pentosaceus + P. acidilactici. The treated TMR were mixed and put in
polyethylene bags and stored at ambient temperature for 7 days before analysis.

3.4.2 Proximate composition analysis of silage

For each treatment, 1000 g of fresh material were randomly collected to determine nutrient
composition. The samples were oven dried at 60°C for 48 h prior to proximate analysis.
Dry matter (DM), Ash, Crude fat (CF), Ether extract (EE), Crude protein (CP) and Crude fiber
(CF) were determined according to the methods of AOAC (1995). Neutral detergent fiber (NDF)
and Acid detergent fiber (ADF) were determined according to the method of Van Soest and
Robertson (1979). All analyses were conducted using the Fibertec System M6 (FOSS, USA). The
experiments were designed as completely randomized design with 4 replications. The experiment
was repeated two times. Data were computed using analysis of variance and treatment means
were compared with Duncan’s Multiple Range Test (DMRT) at P =0.05 and P = 0.01.

3.4.3 in vitro digestibility test

Pepsin cellulase in vitro digestibility method was followed Mcleod and Minson (1978). The
enzymatic digestion was determined by adding 0.5 g. of feed sample to test tube, size 2.5 cm.
long 10 cm. with screw cap. A 500 ml. of acid — pepsin (0.2% pepsin with 0.1 N HCL) was
prepared the day before and incubated at 39° C, then added and tubes were shaken and incubated
at 39° C for 48 h. After incubation, feed sample were centrifuged for 10 min. Thereafter the tube
was filtered by filter stick for suction water and the residues washed with distilled water and
transferred to the respective test tube. A 50 ml cellulase acetate buffer solution (ONOZUKA 3S)
was prepared the day before and incubated at 39° C, and tubes were shaken for 10 minutes, and
incubated at 39° C for 48 h., then the tubes were filtered through pre — weighed sintered glass
crucibles and washed with distilled water. Thereafter, the crucibles contained with residues were

dried at 105° C for 12 h. and weighed to obtain analysis of dry matter. The crucibles with residues
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were burnt at 500° C for 5 h. in furnace cooled to room temperature and weighed to obtain to

analysis for dry matter digestibility.

This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



CHAPTER IV

RESULTS

4.1 Isolation and Identification of Lactic Acid Bacteria

4.1.1 Silage preparation

After 21 days of ensilage, the plastic containers were opened and examined for gross
characteristics. Overall, the silages were of good color, aromatic and acidic. The silages contained
an average of 76.47 % moisture. The pH values of the silages averaged 5.53.
4.1.2 Morphological identification

4.1.2.1 Isolation

The results found that the characteristic of lactic acid bacteria (LAB) colonies selected on the
recipe were different for the colonies. By the area the colonies, there was a clear zone around the
colony. This was due to the addition of calcium carbonate to. MRS prior to isolation of the
bacteria, when LAB grows, lactic acid was produced. From the observation of colonies of LAB
isolated from silage, it was found that colors of the colony were both white and slightly opaque.
Colony appearance was quite opaque, the area around the colony was circular, entire, and the top
of the colony is flat, convex and umbonate in the middle. The size of the colony was both large
with a diameter of 2 — 3 millimeters and small with a diameter of 0.5 — 1.0 millimeters.

For the number of LAB found in silage was 5.99x1060fu/g of silage. The number of different
LAB could have several causes, for example the nutrient factors that were presented in plants
silage. That was, the amount of sugar or soluble carbohydrates, which were important nutrients
for the growth of LAB.

4.1.2.2 Morphological identification

Sample of pure culture lactic acid bacteria (LAB) was studied the morphology by gram stain
technique to identify the appearance of bacteria and the formation of the bacteria. The catalase
production test, gas production from utilizing sugar, testing the ability of bacteria at temperature
at concentration of sodium chloride and at various pH levels. It was found that all of isolates of
the bacteria isolated were Gram positive. The shapes of cell were in the form of rod, cocci and
somewhat similar to rounded oval. The cell as rod shape was arranged in a chain. The coccl

shapes were arranged in chain, pairs and divided in four directions or tetrad (Figure 4.1).
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A B C D

Figure 4.1. Morphology of lactic acid bacteria isolated from silage
A and B show characteristics of Lactobacilli

C and D show characteristics of Pediococci

Sample of isolated LAB almost of them could not produce catalytic enzymes. Because of its
internal cell of LAB lacks such enzymes. By assaying the formation of catalytic enzymes of
isolated bacteria samples, hydrogen peroxide solution was tested.

For gassing of glucose fermentation to determine the fermentation pathway of individual
isolates, most LAB were fermented as homofermentative at 91.5 percent. For the LAB were
fermented as heterofermentative accounted for approximately 8.5 percent. The samples of
homofermentative were mostly rod shaped the heterofermentative were cocci. For the test of LAB
growth ability at ambient temperature 10, 30 and 45 degrees Celsius at 1, 3, 6.5 and 10 percent
sodium chloride concentrations and at pH 3.5, 5.7 and 9.6 for each isolate. They were able to
grow at 10, 30 and 45 degrees Celsius, at sodium chloride concentrations of 1, 3, 6.5 percent and
apH of 3.5, 5.7 and 9.6 in each isolate that could be separated into 4 groups (A — D) as shown in
Table 4.1. The 57 different isolates could be divided into two genera. Lactobacillus plantarum
H5-MI13F was commonly found in silages (an incidence of 87.59%), Pediococcus pentosaceus

Ac2-M13F was found in silages at a lower incidence (3.19%).
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Table 4.1. The characteristics of lactic acid bacteria isolated from silage

Characteristic Group

A B C D
Morphology Rods Rods Cocci Cocci
Gram + + + +

Catalase test - = - -

Gas tast - = - .
Fermentation Homo Homo Homo Homo
Temperature

10°C + + - -
30°C + + + +
45°C + - + .

p"

3.5 + + =5 +
3.7 + + + +
9.6 A + * +
NaCL

1.0% + + + +
3.0% + 4 + +
6.5% + + + +
10.0% + - - -
Identifided as Lacto Lacto Ped. Ped.

bacilli bacilli sp. sp.

Note: + = Positive reaction, - = Negative reaction, + = Variable reaction

Homo = Homofermentative, Ped. = Pediococcus sp., Lacto bacilli = Lactobacillus sp.

4.1.3 Phylogenetic identification

Amplification of the ITS regions from isolates of Lactobacillus spp. and Pediococcus spp. used
the Primer OPA-3. The phylogenetic tree from PAUP analysis placed the Lactobacillus spp. and
Pediococcus spp. into two distinct groups. Phylogenetic analysis produced a dendrogram
indicating that there was no relationship between the Lactobacillus spp. and Pediococcus spp.

groups (Figure 4.2).
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Lactobacillus sp. TIR2ZC13 (JX193626)

'_[ Lactobacillus sp. TIR2C3 (JX193617)
Lactobacillus sp. TSR4C21 (JX193633)

H5_M13F
Ac2_ M13F
Pediococcus sp. TIR4C24 (IX193618)

w L’Pediocoocus sp. NBRC 106032 (AB682334)
46

Pediococcus sp. NBRC 107256 (AB682548)
Enterococcus sp. REC25 (JN251777)

& &

P 10

Fig. 4.2. Phylogenetic relationships of Lactobacillus spp. and Pediococcus spp. isolates based on

the ITS regions of rDNA sequences. The phylogenetic tree was obtained by the

maximum parsimony method using the PAUP4.0b program. Enferococcus sp. was used

as the out group. The numbers above the lines represent the 1000 replicates parsimony

bootstrap values.

4.1.4 Proximate analysis of silages

The proximate composition of the examined silages showed that dry matter changed

from 20.9% before treatment to 23.5% after treatment. Ash content was 15.7 %, crude protein

7.9%, crude fiber 42.6%, ether extract 4.2%, nitrogen free extract 22.6%, organic matter 84.2%,

neutral detergent fiber 56.5% and acid detergent fiber 37.8% (Table 4.2). The experiments

showed that dry matter, ash, crude fiber and acid detergent fiber were increased after

fermentation. With this, ether extract, nitrogen free extract, organic matter and neutral detergent

fiber were decreased after fermentation.

Table 4.2. Composition of Guinea grass silage from proximate analysis

Composition Before fermentation (%) After fermentation (%)
Dry matter (DM) 209 23:5
Ash 11.1 1547
Crude protein (CP) 7.9 7.9
Crude fiber (CF) 338 42.6
Ether extract (EE) 5.6 4.2
Nitrogen free extract (NFE) 359 22.6
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Pediococcus pentosaceus produced amylase indicated by a yellow clear zone around the

bacteria colonies (Figure 4.4).

NAl(control) NA(P.P.)

Figure 4.4 Amylase production by Pediococcus pentosaceus

Pediococcus pentosaceus produced protease indicated by a clear zone around the bacteria

colonies (Figure 4.5).

g .

Skim milk(control) Skim milk(P.P.)

Figure 4.5 Protease production by Pediococcus pentosaceus

Lactobacillus plantarum could not produce amylase, cellulase, ligninase and lipase as shown in

Figure. 4.6.
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NA(control) NA (LP) CBM(control) CBMI(L.P.)

N
CMA(control) CMA(L.P) Lipase{control) Lipase(L.P.)
C D

Figure 4.6 The ncgative cnzyme production by Lactobacillus plantarum: A = amylase B = cellulase

C = ligninase D = lipase

Pediococeus pentosaceus could not produce cellulase, ligninase and lipase as shown in Figure. 4.7.

CBM(control) CBM(P.P.) CMA(control) CMA(P.P.)

A B C
Figure 4.7 The negative enzyme production by Pediococcus pentosaceus: A = cellulase B = ligninase

C = lipase

4.3 Application of Leucaena to Improve Quality of Pineapple Plant Silage

4.3.1 Physical characteristic of silage
After 21 days of ensilage, the plastic containers were opened and examined for gross
characteristics. The physical characteristic (Table 4.4) showed that the color of Pineapple plant

100%was a yellowish green color which was a good characteristic of silage (Figure 4.8).
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For Pineapple plant mixed with leucaena 5, 10 and 15% they were light brown color. Grass silage
100% was a dark brown color, with quality being lower than Pineapple plant mixed with leucaena
5,10 and 15%. The aroma of silage. pineapple plant 100%, pineapple plant mixed with leucaena
5, 10 and 15% were aromatic and acidic like pickled fruit (sweet smell). For Grass silage 100%
the aroma of silage was very sour. The pH values of silage pineapple plant 100%, pineapple plant
mixed with leucaena 5, 10, 15% and grass silage 100% were 3.45, 3.43, 3.72, 3.52 and 4.27
respectively. Overall, treatments showed highly significant differences at a low level (P < 0.01).
The moisture value of silage showed that highly significant differences (P < 0.01). Pineapple
plant 100% gave significantly higher moisture (81.83%) than pineapple plant mixed with
leucaena 15% (80.95%), pineapple plant mixed with leucaena 5% (79.77%), pineapple plant

mixed with leucaena 10% (79.10%) and was lower in grass silage 100% (72.93%).

Table 4.4 The Physical Characteristics of Silage

Character
Silage
Color of silage Aroma of silage
1 Pineapple plant 100% Yellowish green Aromatic and acidic
2 Pineapple plant mixed with leucaena 5% Light brown Aromatic and acidic
3 Pineapple plant mixed with leucaena 10% Light brown Aromatic and acidic
4  Pineapple plant mixed with leucaena 15% Light brown Aromatic and acidic
5 Grass silage 100% Dark brown Very sour

Note: The color and aroma of silage were described according to the score indices of Muhammad ez al. (2008)

Figure 4.8 The physical characteristics of pineapple plant silage
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Table 4.5. Proximate composition analysis of pine apple plant silage

Nutritive value of pine apple plant silage

Treatment
pH DM Ash CP CF Ca P Energy

1. P 100% 345D 18.17C 9.38B  6.13D  24.18AB 0.26C 0.38A 3,620.99A
2. P+L 5% 343C 20.23BC 9.05BC 6.39CD 21.76C 0.32B 0.29B 3,471.06B
3.P+L 10% 3.72B  2090B 9.71B 6.99bC 22.51C 0.35B 0.29B 3,475.86B
4 P+L 15% 3.52C 19.05BC 8.14C  B.19A 23.15BC 048A 0.36A 3,697.17A

5. Grass 100% 4.27A  27.08A 16.02A 739B 2542AB 0.34B 0.19C 3,029.80C

Means followed by a common letter in each column are not significantly different (p<0.01) by DMRT.
P= pineapple plant, L = leucaena, DM = dry matter, CP = crude protein, CF = crude fiber

Ca = calcium, P = phosphorus

Results showed that fibre analysis by using Van Soest demonstrated the fibre digestion of
pineapple plants mixed with leucaena silage could be degraded (Table 4.6). Pineapple plant
mixed with leucaena 15% gave significantly lower neutral detergent fiber (42.19%) than
pineapple plant mixed with leucaena 5% (43.30%), pineapple plant mixed with leucaena 10%
(43.71%), pineapple plant 100% (47.10%) and grass silage 100% (48.76%), but it was not
significantly different in pineapple plant mixed with leucaena. Pineapple plant mixed with
leucaena 5% gave significantly lower acid detergent fiber (29.85) than grass silage 100%
(29.88%), pineapple plant mixed with leucaena 15% (30.46%), pineapple plant mixed with
leucaena 10% (30.90%) and pineapple plant 100% (31.94%) respectively. Grass silage 100%
gave significantly lower acid detergent lignin (3.98%) than pineapple plant mixed with leucaena
15% (5.66%), pineapple plant mixed with leucaena 5% (5.99%), pineapple plant 100% (6.19%)
and pineapple plant mixed with leucaena 10% (6.23%) respectively. [t was not significantly
different in acid detergent lignin of pineapple plant 100% and pineapple plant mixed with
leucaena. In this study, pineapple plant mixed with leucaena 15% gave significantly higher
metabolizable energy (3,697.17 kcal/k) than pineapple plant 100% (3,620.99 kcal/k), pineapple
plant mixed with leucaena 10% (3,475.86 kcal/k), pineapple plant mixed with leucaena 5%

(3,471.06 kcal/k) and grass silage 100% (3,029.80 kcal/k) respectively.



34

Table 4.6. Fibre analysis of pineapple plant silage

Treatment NDF ADF ADL
1. P 100% 47.10 A 31.94 A 6.19 A
2. P+L 5% 4330B 2985B 599 A
3. P+L 10% 4371 B 30.90 AB 6.23 A
4. P+L 15% 4291 B 30.46 AB 5.66 A
5. Grass 100% 48.76 A 2988 B 3.98B

Means followed by a common letter in each column are not significantly different (p<0.01) by DMRT.
P = pineapple plant, L =leucaena, NDF = neutral detergent fiber, ADF = acid detergent fiber,

ADL = acid detergent lignin

4.4 Efficiency of Lactic Acid Bacteria as the Potent Degradative Microorganism

to Digest the Total Mixed Ration by in vitro

4.4.1 Chemical composition of total mixed ration (TMR)
The nutritive value of TMR revealed that dry matter 68.28%, crude protein 12.19%, -
crude fiber 15.06%, ASH 6.54%, neutral detergent fiber 32.25%, acid detergent fiber 23.74% and

acid detergent lignin 5.71% respectively.

4.4.2 Changes in chemical composition of TMR treated with lactic acid bacteria

Results showed that the nutritive value of TMR by proximate analysis which treated
Lactobacillus pantarum (LP), Pediococcus pentosaceus (PP), Pediococcus acidilactici (PA) and
L. pantarum + P. pentosaceus + P. acidilactici (LPP) was indicated in Table 4.7. The dry matter
was changed from 68.28 to 79.80, 79.79, 79.40, and 79.42% for Lactobacillus pantarum,
Pediococcus  pentosaceus, Pediococcus acidilactici and L. pantarum + P. pentosaceus + P.
acidilactici respectively, which increased in dry matter. With this TMR treated with Lactobacillus
pantarum gave significantly higher dry matter than Pediococcus pentosaceus, Pediococcus
acidilactici and L. pantarum + P. pentosaceus + P. acidilactici. TMR treated with Pediococcus
acidilactici gave significantly higher protein (10.97%) than Pediococcus pentosaceus (10.02%),
L. pantarum + P. pentosaceus + P. acidilactici (9.77%) and Lactobacillus pantarum (9.65%), but
it was not significantly different in Lactobacillus pantarum, Pediococcus pentosaceus,

Pediococcus acidilactici and L. pantarum + P. pentosaceus + P. acidilactici. TMR treated with
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Pediococcus pentosaceus gave significantly lower fiber (13.4%) than Pediococcus acidilactici
(13.33%), L. pantarum + P. pentosaceus + P. acidilactici (13.64%) and Lactobacillus pantarum
(13.82%), but it was not significantly difference between Pediococcus pentosaceus with
Pediococcus acidilactici and Lactobacillus pantarum with L. pantarum + P. pentosaceus + P.
acidilactici, TMR treated with Pediococcus acidilactici gave significantly higher ash (5.79%)
than Lactobacillus pantarum (5.58%), Pediococcus pentosaceus (5.56%) and L. pantarum + P.
pentosaceus + P. acidilactici (5.53%). TMR treated with Pediococcus acidilactici  gave
significantly lower AIA (1.29%) than Pediococcus pentosaceus (1.50%), Lactobacillus pantarum
(1.55%) and L. pantarum + P. pentosaceus + P. acidilactici (1.56%), but it was not significantly
difference in AIA between Lactobacillus pantarum, Pediococcus pentosaceus and L. pantarum +

P. pentosaceus + P. acidilactic.

Table 4.7. Chemical composition of TMR treated with lactic acid bacteria

Treatme Chemical composition (%)

nts DM Cp CF Ash Ca P AIA Digest

1. Control ~ 6828 A 12.19A  1506A 654A 1.19A 033A 1.75A 6031C
2.Lp 79.80 C 965C 1382B 558C 1.14B 028B 155B 6498B
3. PR 79.79C 10.02C 13.14C 556C 098D 025C 150B 6516B
4. PA 79.40 €. 10,97 B, - 1333 C - 5.79B 097D | 025C  ~129C 6621 A
5.LPR 7942 B 977C 1364B 553C 1.04C 026BC 1.56B 6620A

CV. 0.55 5.50 0.93 1.03 2.70 5.70 3.47 0.43

Mean followed by common letter in each column are not significantly difference. (P < 0.01) by DMRT.
Control = non-treated, LP = Lactobacillus pantarum, PP = Pediococcus pentosaceus
PA = Pediococcus acidilactici, LPP = L. Pantarum + P. Pentosaceus + P. acidilactici
DM = dry matter, CP = crude protein, CF = crude fiber, Ca = calcium, P = phosphorus, AIA = acid

insoluble ash, Digest = digestibility.

Results showed that fiber analysis in TMR revealed that fiber digestion of TMR treated with
Lactobacillus  pantarum gave significantly higher neutral detergent fiber (34.13%)than
Pediococcus acidilactici (32.61%), L. Pantarum + P. Pentosaceus + P. acidilactici (31.69%) and

Pediococcus pentosaceus (30.20%). It was not significantly differed in neutral detergent fiber



36

between Pediococcus acidilactici and Pediococcus pentosaceus. TMR treated with Pediococcus
pentosaceus gave significantly lower acid detergent fiber (20.29%) than Lactobacillus pantarum
(20.60%), Pediococcus acidilactici (21.60%) and L. Pantarum + P. Pentosaceus + P. acidilactici
(22.59%). TMR treated with L. Pantarum + P. Pentosaceus + P. acidilactici gave significantly
lower acid detergent lignin (4.88%) than Pediococcus pentosaceus (4.90%), Pediococcus
acidilactici (5.08%) and Lactobacillus pantarum (5.24%). It was not significantly difference in
Lactobacillus pantarum, Pediococcus pentosaceus, Pediococcus acidilactici and L. Pantarum +
P. Pentosaceus + P. acidilactici when compared with non-treated with lactic acid bacteria

(Table 4.8).

Table 4.8. Fiber analysis of TMR treated with lactic acid bacteria

Fiber Analysis (%)

Treatments

NDEF ADF ADL
1. Control 32.25B 23.74 A 571 A
2. LP 34.13 A 20.60 D 5.24 AB
3. PP 30.29C 20.29D 4.90B
4. PA 3261 B 21.60 BC 5.08B
5. LPP 31.69B 22.59B 4.88B

V. 2.29 3.26 6.31

Mean followed by common letter in each column are not significantly difference. (P < 0.01) by DMRT.
Control = non-treated, LP = Lactobacillus pantarum, PP = Pediococcus pentosaceus
PA = Pediococcus acidilactici, LPP = L. Pantarum + P. Pentosaceus + P. acidilactici

NDF = neutral detergent fiber, ADF = acid detergent fiber, ADL = acid detergent lignin

Results showed that the TMR treated with lactic acid bacteria using pepsin cellulase in vitro
digestibility which applied Lactobacillus pantarum, Pediococcus pentosaceus, Pediococcus
acidilactici and L. Pantarum + P. Pentosaceus + P. acidilactici could improve the digestibility of
TMR, which significantly increased in digestibility of TMR. With this TMR treated with
Pediococcus acidilactici gave significantly higher digestibility (66.21%) than L. Pantarum + P.
Pentosaceus + P. acidilactici (66.20%), Pediococcus pentosaceus (65.16%) and Lactobacillus
pantarum (64.98%). IT was not significantly different between Pediococcus acidilactici, L.

Pantarum + P. Pentosaceus + P. acidilactici and  Lactobacillus  pantarum,  Pediococcus
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pentosaceus (Table 4.8). The rate of increase and decrease of digestibility and fiber in TMR
treated with lactic acid bacteria (Table 4.9) showed TMR treated with Lactobacillus pantarum
gave higher increased dry matter (+16.87%) than Pediococcus pentosaceus (+16.86%), L.
Pantarum + P. Pentosaceus + P. acidilactici (+16.31%) and Pediococeus acidilactici (+15.76%).
TMR treated with Pediococcus pentosaceus gave higher decreased in crude fiber (-12.75%) than
Pediococcus acidilactici (11.49%), L. Pantarum + P. Pentosaceus + P. acidilactici (-9.43%) and
Lactobacillus pantarum (-8. 23%). For neutral detergent fiber in TMR treated with Lactobacillus
pantarum and Pediococcus acidilactici were increased (+5.83% and +1.12%) but Pediococcus
pentosaceus and L. Pantarum + P. Pentosaceus + P. acidilactici the results showed that the value
of neutral detergent fiber was decreased (-6.08% and -1.74%) respectively. TMR treated with
Pediococcus pentosaceus —gave higher decreased acid detergent fiber (-14.53%) than
Lactobacillus  pantarum, Pediococcus  acidilacticiand L. Pantarum + P. Pentosaceus + P.
acidilactici were -13.23%, -9.01% and -4.84% respectively. For acid detergent lignin also, the
results showed that TMR treated with lactic acid bacteria were decreased. The digestibility of
TMR treated with Pediococcus acidilactici gave higher increased than L. Pantarum + P.
Pentosaceus + P. acidilactici, Pediococcus pentosaceus and Lactobacillus pantarum were

+9.78%, +9.76, +8.41% and +7.74% respectively.

Table 4.9. The rate of increased and decreased digestibility and fiber in TMR treated with LAB

Chemical Before After treated lactic acid bacteria (%)
composition treated LP +(- PP +-  PA +~ A PP +/-
Dry matter 6828  79.80  +16.87 7979 +1686 7940 +15.76 7942 +16.31
Crude fiber 15.06 ~ 13.82 823 1314 -1275 1333 -1149 1364 -9.43
NDF 32.25 34.13 +5.83 30.29 -6.08 32.61 +1.12 31.69 -1.74
ADF 23.74 20.60 -13.23 20.29 -14.53 21.60 -9.01 22.59 -4.84
ADL 5.71 5.24 823 490 -14.19 508 -11.03 488 -14.54
Digestibility ~ 6031 6998 4774 6516 4841 6621 +9.78 6620  +9.76

LP = Lactobacillus pantarum, PP = Pediococcus pentosaceus, PA = Pediococcus acidilactici,
LPP = L. Pantarum + P. Pentosaceus + P. Acidilactici, NDF =neutral detergent fiber,

ADF = acid detergent fiber, ADL = acid detergent lignin



CHAPTER V

DISCUSSION

Evaluation results of the typical physical characteristics of the silage from Guinea grass
were characteristics of colors and odors. Good color is yellowish green. The characteristics of the
smell was sour aroma like pickle fruit. The smell is caused by the work of microorganisms that
occur during the fermentation process. The substrate that was presented in the forage crops
transformed into products by the microorganisms that occur on different fermented forage crops.
It would be different products, caused the smell of silage. (McDonald et al. 1991; Brookes and
Buckle. 1992; Woolford and Pahlow. 1998). The pH values indicated the anaerobic fermentation
of the silages similar to the work of Schroeder (2004).

The samples were collected from the silage for isolation and identify by standard plate count
on MRS (de Man ef al. 1960) mixed with 1% calcium carbonate with spread plate technique. By
the area the colonies, there was a clear zone around the colony. This was due to the addition of
calcium carbonate to MRS prior to isolation of the bacteria, when lactic acid bacteria grown,
lactic acid was produced. Normally, calcium carbonate does not dissolve, but if lactic acid is
produced, it will convert calcium carbonate into calcium lactate with good water solubility
(Frazier and Rupp, 1928). The added calcium carbonate acts as an indicator to enhance the
appearance of the colonies (Sasiwimol and Adisorn. 2005 The characteristics of these lactic acid
bacteria colonies have been reported to be common feature of lactic acid bacteria (Kandler and
Weiss. 1986).

For the number of lactic acid bacteria present in silage. Parvin and Nishino (2009) found that
the numbers ranged from 10™-10" CF U/g from the study of similar grass samples. The number of
different lactic acid bacteria can be attributed to several factors, such as the nutrient factors
present in silage, ie, the amount of sugars or carbohydrates that are soluble. It was an important
nutrient for the growth of lactic acid bacteria. It was found that in tropical forage crops, these
nutrients were lower than that of temperate forage crops (Catchpool and Henzell. 1971) and some

nutrients such as manganese was presented in the plant to help maintain the survival of lactic acid
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bacteria itself (Daeshel et al. 1987), or even the factor of ultraviolet light and temperature (Zhang
et al. 2000). Including the number of such microorganisms that are presented in the forage crop
prior to fermentation (Cai et al.1994). Normally, the number of lactic acid bacteria varies by
different plant species. Epiphytic lactic acid bacteria are commonly found on the outer surface of
plant parts such as stems, leaves and flowers, which were found on the leaves of the plant less
than the structure of flowers and fruits. There was also an increased in the amount when the plant
grows older (Greenhill 1964; Cai et al. 1994). Sample of pure lactic acid bacteria was preparied to
study the morphology. Gravimetric staining was used to determine the morphology and the
arrangement of the specimens. Catalase enzyme test, sugar production from sugar, testing of the
ability to grow at temperature, at the concentration of sodium chloride and at various pH levels.
Lactic acid bacteria can produce hydrogen peroxide by the process of metabolism that occurs
during growth in the aerobic condition and hydrogen peroxide was created as an oxygen receptor
and hydrogen peroxide was toxi¢ to microorganisms that cannot produce a catalytic enzyme to
destroy its activity. Because hydrogen peroxide acts as precursor of superoxide radical (0”) and
hydroxyl radical (OH) toxic to the cells (Caplice and Fitzgerald. 1999). Therefore, the assay for
the formation of catalytic enzymes showed that LAB did not react with hydrogen peroxide.
However, it was found 1 isolated to produce catalytic enzymes. It was possible that this sample
could produce pseudo — catalase that were used to degraded peroxide (Kandler and Weiss. 1986).
Jolaosho et al. (2013) reported that the proximate composition and fiber fractions of silage
from Guinea grass showed that DM was 21.03 %, CP 9.48 %, EE 6.5 %, ASH 8.13 %, NFE 15.58
% NDF 60.31 % and ADF 40.98 %. luchietal, 2012 isolated Pediococcus ethanolidurans A4-
27 from Japanese pickles (nuka-zuke) and found that it could produce a high molecular weight
amylase. They indicated that the amylase enzyme from P. ethanoliduransis was useful for
fermentation of rice bran-bed (nuka-doko) which contained more than 15% NaCl. Generally, the
silage should have a darker color than fresh forage because the color of chlorophyll reacted with
acid from fermentation. These changed them to become a magnesium free pigment phaeophytin.
However, the carotene was a provitamin A which was suffered from oxidation at high
temperature (Azim er al.2000; Wanapat 1986). The sweet smell was caused by lactic acid bacteria
which utilized sugar in the forage to produce lactic acid and volatile acid (McDonald et al.1991;
Merry et al. 2000). The pH values of silage were indicated that bacteria to produced lactic acid
(Schroeder 2004). The pH of good quality silage was 3.5 —4.5, if pH increases more than 5.1 it

was low quality (church 1991). The silage making had high moisture and lowered dry matter
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during raining season may have coursed risk for the silage to spoil. In cases where the silage had
lower moisture and higher of dry matter it may have been more fibre difficult to compact the
silage in the silo (Saranya and Jantakarn. 1997). For the good fermentation process and fast
originate, dry matter had a loss of approximately 1 —2 % from respiratory of forage during first
stage (McDonald et al. 1991). The increased of ash occurred by the utilization of plant organic
substance and change to inorganic substance by microorganism during fermentation (Frame
1994). McDonald er al. (1991) reported that usually decreases in protein was due to the initially
digestion by microorganism, while the increased of protein may occurs by the influence of salt,
which it prevents clostridium sp.to not destroy protein. However, fibre decreased during
fermentation which may occurred have happened due to lactobacillus sp. which could have
digested the cell wall (Mc Donald et al. 1991). For NDF the decreased in may be due to the part
of cell wall and carbohydrate structure being utilized as an energy source for microorganism
growth during fermentation (O’Kiely and Muck. 1998). The acid detergent fibre of silage trend
were perhaps increased by the sugar structured in the plant cell with the microorganism being
utilized and causing ADF increase (Campbell and Bruchanan-Smith. 1991). Generally, a good
range of ADF in dairy cattle’ feed should be around 40 —60 % to produces butterfat in milk
(Somjit 2006; Jantakam 2009). The quantity of lignin, cellulose, and hemicellulose in feed are
important for the forage crop of ruminants. A good quality of 850 forage crop should be low in
lignin (Flores 1991). The leucaena was completed in nutrient and when mixed with the pineapple
plant the metabolizable energy was increased (Piliwan et al. 1989). The reduced protein content is
due to the utilization of protein in food in the diet by the microbial proteolysis process (Guo et al.
2013). CWC or NDF refers to group of chemicals that are components to the cell wall. Mostly
cellulose hemicellulose lignin including cutin, silica and tannin. Normally, simple stomach
animal those cannot be digested, while ruminant can have some microorganisms in the stomach,
but can be more or less dependent on the amount of lignification, cutinization as well as the
amount of silification in the feed. ADF the substances in the ADF are cellulose, lignin, cutin and
acid insoluble ash (AIA) refers to ash that is insoluble in acid (Van Soest 1963; Van Soest 1964).
Van Soest and Moore (1965) found that CWC digestibility was correlated with the amount or
concentration of Lignin present in the ADF, especially when converted into logarithm.
Lactobacillus sp, could produce protease and Pediococcus sp. was able to produce amylase and
protease. These two species can possibly be used to improve the nutritional value of the silage,

TMR or roughage for ruminant production (Suphalucksana and Soytong. 2017).



CHAPTER VI

CONCLUSION

Isolates of lactic acid bacteria identified based on their morphology were divided into two
genera. Lactobacillus plantarum H5-M13F was found at a high incidence in silages (87.59%)
and Pediococcus Pentosaceus Ac2-M13F was found ata low incidence (3.19%). The
phylogenetic tree from PAUP analysis placed the recovered Lactobacillus plantarum and
Pediococcus Pentosaceus into two distinct groups. Phylogenetic analysis revealed that there
was no relationship between the Lactobacillus sp. and Pediococcus sp. groups. The proximate
composition of the examined silages showed that silages contained an average of 76.47 %
moisture, The pH values of the silages averaged 5.53, dry matter 23.5%, ash content 15.7 %,
crude protein 7.9%, crude fiber 42.6%, ether extract 4.2%, nitrogen free extract 22.6%, organic
matter 84.2%, neutral detergent fiber 56.5% and acid detergent fiber 37.8%. Lactobacillus
pantarum, could produce protease and Pediococcus Pentosaceus was able to produce amylase and
protease. These two species can possibly be used to improve the nutritional value of the silage,
TMR or roughage for ruminant production.

The uses of leucaena to improve nutritive value in pineapple plant silage were determined.
The physical characteristics, chemical composition and fibre analysis of pineapple plant silage
were indicated that the color appearance of pineapple plant 100% was yellowish green color,
pineapple plant mixed with leucaena 5, 10 and 15% were light brown color and grass 100% dark
brown color. The aroma of the pineapple plant silage was aromatic and acidic like pickled fruit.
The chemical composition analysis of silage found that highly significantly difference (p< 0.01).
Which this pH value in rang 3.43 — 4.27, dry matter 18.17 — 27.08%, ash 8.14 — 16.02%, protein
6.13 -8.19%, fibre 21.76 — 25.42, neutral detergent fiber 42.91 —48.76, acid detergent fiber 29.85
—31.94, acid detergent lignin 3.98 —6.23, calcium 0.26 — 0.48, phosphorus 0.20 —0.38 and
energy 3,029.80 —3,697.17. Pineapple plant silage mixed with leucaena could improve the
quality of nutritive value for ruminants.

Total mixed ration (TMR) treated with lactic acid bacteria may possible to develop as
biological animal feed for ruminant. TMR were rapidly improving quality when using lactic acid
bacteria. Feed composition analyses revealed that Lactobacillus pantarum gave the highest dry

matter, calcium phosphorus. TMR treated with Pediococcus acidilactici gave significantly higher
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protein, ash, acid insoluble ash, neutral detergent fiber TMR treated with Pediococcus
pentosaceus gave significantly lower fiber and acid detergent fiber. The TMR treated with lactic
acid bacteria by using pepsin cellulase in vitro digestibility which applied Lactobacillus
pantarum, Pediococcus pentosaceus, Pediococcus acidilactici and L. pantarum +P. Pentosaceus +
P. acidilactici could improve the digestibility of TMR, which significantly increased in

digestibility of TMR. With this TMR treated with PA gave significantly higher digestibility.



BIBLIOGRAPHY

Abdel-Raheem, A.and Shearer, C. A. 2002. Extracellular enzyme production by freshwater
ascomycetes. Fungal Diversity. 11: 1-19.

Amann, R.I, Ludwig, W. and Schleifer, K.H. 1995. Phylogenetic identifcation and in situ
detection of individual microbial cells without cultivation. Microbiol. Rev. 59:143-149.

Ando, S., Ishida, M., Oshio, S. and Tanaka, O. 2006. Effects of isolated and commercial lactic
acid bacteria on the silage quality, digestibility, voluntary intake and ruminal fluid
characteristics. Asian-Aust. J. Anim. Sci. 2006. 19 (3): 386-389.

Animal Nutrition Division. 1995. Purple guinea grass. Publications. Animal Nutrition Division,
Department of Livestock Development. Ministry of Agriculture and Cooperatives. 22 P.

AOAC (Association of Offi cial Analytical Chemists), (1995). Official methods of analysis of
the association of official analytical chemists. 16" ed., Washington D.C.

Axelsson, L. 2004. “Lactic acid bacteria : classification and physiology.” pp. 1-66. in Salminen,
S., Wright, A.V. and Ouwehand, A, (Editors). Lactic acid bacteria: Microbiological
and Functional Aspects. 3rd, rev, ed. New York: Marcel Dekker.

Azim, A., Khan, A. G., Nadeem, M. A. and Muhammad, D. 2000.Influence of maize and cowpea
intercropping on fodder production and characteristics of silage. Asian Aust. J. Anim.
Seci., 3: 781-784.

Ben Amor, K., Vaughan, E.E. and de Vos, W.M. 2007. Advanced molecular tools for the
identification of lactic acid bacteria. J. Nutr. 137: 741S-747S.

Brookes, R.M. and Buckle, A.E. 1992. “Lactic Acid Bacteria in Plant Silage.” pp. 363-386. in
Wood, B.J.B. (Editor). The Lactic Acid Bacteria in Health and Disease. Vol. 1.
London: Elsevier Applied Science.

Bureenok, S., Namihira, T., Tamaki, M., Mizumachi, S., Kawamoto Y.and Nakada, T.2005.
Fermentative quality of guinea grass silage by using fermented juice of the epiphytic
lactic acid bacteria (FJLB) as a silage additive. Asian-Aust. J. Anim. Sci. 18: 807-811.

Bustos, G., A.B. Moldes, J.M. Cruz and Dominguez, J.M. 2005. Influence of the metabolism
pathway on lacticacid production from hemicellulosic trimming vine shoots

hydrolyzates using Lactobacillus pentosus. Biotechnol. Prog. 21: 793-798.



Cai, Y., Benno, Y., Ogawa, M., Ohmomo, S., Kumai, S. and Nakase, T. 1998.Influence of
Lactobacillus spp. from an inoculant and of Weissella and Leuconostoc spp. from
forage crops on silage fermentation. Appl. and Environ. Microbiol. 64: 2982-2987.

Cai, Y., Ohmomo, S. and Kumai, S. 1994.Distribution and lactate fermentation characteristics of
lactic acid bacteria on forage crops and grasses. J. of Jpn. Soc. Grassl. Sci. 39: 420-
428. (In Japanese with English Summary).

Campbell, C.P. and Buchanan —Smith, J.G., 1991. Effect of alfalfa grass silage dry matter
content on ruminal digestion and milk production in lactating dairy cows. Can., J.
Anim. Sci. 71(2): 457 — 467.

Catchpoole, V.R. and Henzell, E.F. 1971. Silage and silage making from tropical herbage species.
Herbage Abstr. 41: 213-22],

Chinda Snitwong. 1998. "TMR" with dairy farming - beef cattle. Publications on Animal Feed
Knowledge and Services. Animal Nutrition Division, Department of Livestock
Development, Bangkok.

Church, D.C. 1991. Livestock feeds and feeding. 3rd ed. Englewood Cliffs: Prentice Hall
International.

Daeschel, M.A., Andersson, R.E. and Fleming, H.P. 1987. Microbial ecology of fermenting plant
materials. FEMS Microbiol. Rev. 46: 357-367.

Das, L.K., Vijaykumar,, Mahesh, M.S., Dinesh Kumar., Rai, S.N., 2013. Fruit processing wastes:
a potential non-conventional feed resource for dairy animals. Feed Trend. 2 (3): 9-26.

de Man, J.C., Rogosa, M. and Elisabeth-Sharpe, M. 1960. A medium for the cultivation of
lactobacilli. J. Appl. Microbiol. 23: 130-135.

Dhiman, T.R., Klrinmans, J., Tessmann, N.J., Radloff H.D. and Satter, L.D. 1995. Digestion and
energy balance in lactating dairy cows fed varying ratios of alfalfa silage and grain.
J. Dairy. Sci. 78: 330.

Ennahar, S., Cai, Y. and Fujita, Y. 2003. Phylogenetic diversity of lactic acid bacteria asso- ciated
with paddy rice silage as determined by 16S ribosomal DNA analysis. Appl. Environ.
Microbiol. 69: 444-451.

Flores D. A., 1991. Biotechnology and the improvement of silage (tropical and temperate) rumen

digestion: a mini-review. Appl. Microbiol. Biotech. 35: 277-281.



45

Folasade, M.and Joshua, O.A. 2005. Production dynamics of extracellular protease from Bacillus
species. African J. Biotechnol. 4 (8): 776-779.

Frame J, 1994, Soil fertility and grass production; nitrogen. In: Frame J., (ed.), Improved
Grassland Management Farming, Press Book, Redwood Press, Melksham, Wiltshire,
UK.

Gowda N.K., Vallesha N.C., Awachat V.B., Anandan S., Pal D.T., Prasad C.S., 2015, Study on
evaluation of silage from pineapple (Ananas comosus) fruit residue as livestock feed.
Trop. Anim. Health. Prod. 47 (3): 557 - 61.

Grant, R.J., Colenbrande, V.F. r and Mertens, D.R. 1990. Milk fat depression in dairy cows: role
of silage particle size. J. Dairy Sci. 73: 1834 — 1842.

Greenhill, W.L. 1964. Plant juice in relation to silage fermentation I. The role of the juice.
J. British Grassl. Soc. 19: 30-37.

Guo, X.S., Undersander, D.J. and Combs, D.K. 2013. Effect of lactobacillus inoculants and
forage dry matter on the fermentation and aerobic stability of ensiled mixed-crop tall
fescue and meadow fescue. J. Dairy Sci. 96: 1735 -1744

Handelsman, J. 2004. Metagenomics: application of genomics to uncultured microorganisms.
Microbiol. Molec. Biol. Rev. 68: 669-685.

Hayward, A. C. 1957. Detection of gas production from glucose by hetero-fermentative lactic
acid bacteria. J. Gen. Microbiol. 16: 9-15.

Hernandez-Urdaneta, A., Coppock, C.E., McDowell, R.E., Gianola, D. and Smith, N.E. 1976.
Change in forage concentrate ratio of complete feeds for dairy cows. J. Dairy Sci.
59: 695.

Holt, J.G., Krieg, N.R., Sneath, P.H.A_, Staley, J.T. and Williams, S.T. 1994. Bergey’s Manual of
Determinative Bacteriology. 9th ed. Baltimore: Williams and Wilkins.

Iuchi A., Haruguchi, S., Mongkolthanaruk, W., Arima, J., Nagase, M., Quoc khanh, H.,
Ichiyanagi, T., Yamaguhi, T., Shimomura, N., and Aimi, T. 2012. Characterization of
novel amylase from amylolytic lactic acid bacteria Pediococcus ethanolidurans isolated
from japanese pickles (Nuka-zuke). Food Sci. Technol. Res.

Jantakarn Arannanant, 2009. Fibre starch and sugar in forage crop. J. forage crop. 14: 4-6.



46

Jolaosho, A., Peter, D., Olanite, J., Arigbede, O., Ojo, V. and Okukenu, O.2013.Chemical
composition of silage from Guinea grass, cassava peel, and brewery waste as affected
by ensiling duration. Pacific J. Sci. Technol. 14 (2): 463-467

Justé, A., Thomma, B.P.H.J. and Lievens, B. 2008. Recent advances in molecular techniques to
study microbial communities in food-associated matrices and processes. Food
Microbiol. 25: 745-761.

Kamga, P. and Kamga, P.B. 1988. Isolation and identification of the predominant lactobacilli in
elephant grass (Pennisetum purpureum) and guatemala grass (Trypsacum laxum) Silage
from bambui, cameroon. MIRCEN J. 4: 209-213.

Kandler, O. and Weiss, N. 1986. “Regular, Nonsporing Gram-Positive Rods.” pp. 1208-1234. in
Sneath, P.H.A., Mair, N.S., Sharp, M.E. and Holt, J.G. (Editors). Bergey’s Manual of
Systematic Bacteriology. Vol. 2. Baltimore: Williams and Wilkins.

Kirk, J.L., Beaudette, L.A., Hart, M., Moutoglis, P., Klironomos, J.N., Lee, H. and Trevors, J.T.
2004. Methods of studying soil microbial diversity. J. Microbiol. Metho. 58: 169-188.

Kopermsub, P. 2008. Lactic acid bacteria dynamics during plaa-som fermentation as
evaluated by culture-Nependent methods and culture-independent methods. Ph.D.
dissertation, Khon Kaen University.

Kulp, W.L. 1927. An agar medium for plating L. acidophilus and L. bulgaricus. J. Sci. 66: 512-
<1

Monoj, K. G. and Samiran, B. 2007. Mimosine toxicity — a problem of Leucaena feeding in
ruminants. Asian J. Anim. Vet. Adv. 2 (2): 63 - 73.

Mayed Thaowan. 2016. Effect of pakchong 1 napier grass (Pennisetum purpureum x Pennisetum
americanum) silage total mixed rations on goat production and its adoption by goat
smallholders. J. Acade. Serv. PSU. 27(1): 116-122.

McDonald, P., Henderson, A.R. and Heron, S. 1991, The biochemistry of silage. 2nd Edition.
Chalombe Publications, Marlow.

McLeod, G.K., Grieve, D.G. and Mc Millan, I. 1983. Performance of first lactation dairy cows
fed complete rations of several rations of forage to concentrate. J. Dairy Sci. 66: 1668

—1674.



47

McLeod, M.N. and Minson, D.J. 1978. The accuracy of the pepsin — cellulase technique for
estimating the dry matter digestibility in vitro of grasses and legumes. Anim. Feed Sci.
Technol. 3: 277 — 287.

Metha Wanapat, 1986, Ruminant Nutrition, Department of Animal Husbandry, Faculty of
Agriculture, Khonkan University, 317 P.

Merry R. J., Jones, R. and Theodorou, M. K., 2000, The conservation of grass, pp. 196-228. In
Hopkins, A., (Ed.), Grass its production and utilization. 3 rd. ed. United Kingdom:
Blackwell Science.

Muhammad, I. R., Baba, M., Mustapha, A., Ahmad, M. Y. and Abdurrahman, L. S., 2008. Use of
legume in the improvement of silage quality of columbus grass (Sorghum almum
parodi). Res. J. Anim. Sci. 2: 109-112.

Muller, D. J. 1990. Individual concentrate feeding and total mixed rations in meeting nutritional
need of dairy. Proc. Dairy Feeding Sys. Harrisburg, Pennsylvania, 10-12 January: 113-
123.

Niimi, M. and O. Kawamura. 1998. Degradation of cell wall constituents of Guineagrass
(Panicum maximum Jacq.) during ensiling. J. Jpn. Grassl. Sci. (Jpn.). 43:413-417.

Nishino, N., Hiroaki, H., Sakaguchi, E., 2003. Evaluation of fermentation and aerobic stability of
wet brewers’ grains ensiled alone or in combination withvarious feeds as a total mixed
ration. J. Sci. Food Agric. 83: 557-563.

O’Kiely, P. and Muck, R.W., 1998, Grass silage, In Grass for dairy cows (eds). J.H. and D.J.R.
Cherneg), CABI publication, P 223 —251.

Parvin, S.and Nishino, N.(2009). Bacterial community associated with ensilage process of
witled Guinea grass. J. Appl. Microbiol. 107: 2029-2036.

Pasebani, M., Yaakub, H., Sijam, K. and Alimon, A.R.2010. Isolation and identification of
Epiphytic lactic acid bacteria from guinea grass (Panicum maximum). Amer J. Anim.
Vet. Sci. 5: 146-150.

Paterson, R. R. M. and Bridge, P. D. 1994, Biochemical techniques for filamentous fungi. Cab
Intonation, Wallingford, UAS, 100 p.

Peiris, H. and Ibrahim, M.N.M. 1995. Nutritive value of guinea grass (Panicum maximum Jacq.)

and urea supplemented rice straw for cattle. Asian-Aust. J. Anim. Sci. 8 (1): 83 — 880.



48

Piliwan P., Valaikan, J. and Nataya, S. 1989. Analysis of Feed Stuff and Serum. Section of Feed
Stuff Analysis, Division of Animal Feed, Department of Livestock Development, 48 P.

Polan C. E.., Stieve, D. E. and Grrett, J. L. 1998. Protein preservation and ruminal degradation of
ensiled forage treated with heat, formic acid, ammonia or microbial inoculants.
J. Dairy Sci. 81: 765-776.

Quere, F., Deschamps, A. and Urdaci, M.C. 1997. DNA probe and PCR-specific reaction for
Lactobacillus plantarum. J. Appl. Microbiol. 82: 783-790.

Rooke, J.A. 1990. The numbers of epiphytic bacteria on grass at ensilage on commercial
farms. J. Scie. Agri. 51: 525-533.

Saranya w. and Jantakarn A. 1997. Quality evaluation of silage in plastic bag with additives. in
Research Project No. 37-0713-098, Animal Nutrition Laboratory section, Division of
Animal Nutrition, Department of Livestock Development, P 203 - 210.

Sasivimol, C.A. and Adisorn Swetwiwathana. 2005. Utilization and detection of lactic acid
bacteria in food. KMITL Agri. J. 23: 88 — 101.

Sayan Tudsri. 2004. Tropical Forage crop. Kasetsart University, Bangkok.534 P.

Schroeder, J.W. 2004. Silage fermentation and preservation. Agriculture Communication,
North Dakota State University, ND, U.S.A. AS-1254.

Online available at http//www.ag.ndsu.edu/pubs/ansci/dairy/as1254w.htm

Seglar, B. 2003. “Fermentation Analysis and Silage Quality Testing.” pp. 119-136. in Proc.
Minnesota dairy health. Conf. College Vet. Med. Minnesota: University of
Minnesota.

Shao, T., Ohba, N., Shimojo, M. and Masuda, Y. 2004. Effects of adding glucose, sorbic acid
and pre-fermented juice on the fermentation quality of guineagrass (Panicum maximum
Jacq.) silages. Asian-Aust. J. Anim. Sci. 17: 808-813.

Somjit Thanomwongwattana. 2006. Study on quality of silage on lactating cow. Ph.D. Thesis,
Kasetsart University, Bangkok.

Somkid Promma and Boonlom Cheva-isaakul. 1996. Increasing productivity of dairy cows by
efficient feeding management. Development of Thai livestock from a semi-empire to
globalization. Anim. Husb. Assoc. Thai. 148 — 164 pp.

South Bend Medical Foundation, 2010. Catalase test protocol. South Bend Medical Foundation,

South Bend, Inc.



49

Stiles, N.E. and Holzapfel, W.H. 1997, Lactic acid bacteria of foods and current taxonomy.
Int. J. Food Microbiol. 36: 1-29.

Suphalucksana, W. and Soytong, K. 2017. Lactic acid bacteria and enzyme production in silage
of guinea grass (Panicum maximum). Bulgarian J. Agri. Sci. 23 (1): 86 -91.
Swofford, DL. PAUP*, 1998. Phylogenetic analysis using parsimony (and other methods)

version 4.0. Sunderland, MA: Sinauer Associates.

Temmerman, R., Huys, G. and Swings, J. 2004. Identification of lactic acid bacteria: culture-
dependent and culture-independent methods. Trends in Food Sci. Technol. 15: 348-359.

Terzaghi, B.E. and Sandine, W.E. 1975. Improved medium for lactic streptococci and their
bacteriophages. J. Appl. Microbiol. 29: 807-813.

Tessmann, N.J., Radloff, H.D., Kleinmans, J., Dhiman, T.R. and Satter, L.D. 1991. Milk
production response to dietary forage: grain ratio. J. Dairy Sci. 74: 2696.

Thien Truong, GN., Wanapat, M., Phesatcha, K. and Kang S. 2017. Effect of inclusion of
different levels of Leucaena silage on rumen microbial population and microbial protein
synthesis in dairy steers fed on rice straw. Asian-Aust. J. Anim. Sci. 30: 181 — 186.

Upadhyay, A., Lamba, J.P,, Tawata, S., 2010. Utilization of pineapple waste: a review. J. Food
Sci. Technol. Nepal. 6:10-17.

Van Soest, P.J. 1963. Use of detergents in the analysis of fibrous feeds. [. Preparation of fiber
residues of low nitrogen content. J. Assoc. Off. Agr. Chem. 46: 825.

Van Soest, P.J. 1964. Symposium on nutrition and forages and pastures: new chemical
procedures for evaluating forages. J. Animal. Sci. 23: 838.

Van Soest, P.J. and Moore, L.A. 1966. New chemical method for analysis of forage for predicting
nutritive value. Proc. 9" Intern. Grassl Congr. Sao Paulo. pp. 783 —789.

Van Soest, P. J. and Robertson, J. B. 1979. Systems of analysis for evaluating fibrous feeds. In:
W. ], Pgden, C.C. Balch and M. Graham (Eds.) Procedures of Standardization of
Analytical Methodology for Feeds. /DRC, Ottawa, Canada.

Wachirapakorn, C., Therdsak, P. and Vuthichai. S. 1997. Total mixed ration, TMR or complete
ration, CR for dairy cattle. J. Dairy. Sci. 16 (5): 53 — 57.

Wang, X., Haruta, S., Wang, P., Ishii, M., Igarashi, Y. and Cui, Z. 2006. Diversity of a stable
enrichment culture which is useful for silage inoculant and succession in alfalfa silage.

FEMS Microbiol. Ecol. 57: 106-115.



50

Weinberg, Z.G. and Muck, R. E. 1996. New trends and opportunities in the development and use
of inoculants for silage. FEMS Microbiol. Rev. 19: 53-68.

Weiss, W.P. and Shockey, W.L. 1990, Effect of alfalfa or orchard grass silage fed at three
forages: concentrate rations on cow performance. J. Dairy Sci. 73 (Supp. 1): 132.

Weiss, W.P. and Shockey, W.L. 1991. Value of orchard grass and alfalfa silage fed with varying
amounts of concentrate to dairy cows. J. Dairy Sci. 74: 1933,

Woolford, M.K. 1984. The Silage Fermentation.: Marcel Dekker Inc. New York. USA.

Woodford, I.A., Jorgenson, N.A. and Barrington, G.P. 1986. Impact of dietary fiber and physical
form on performance of lactating dairy cows. J. Dairy Sei. 69: 1035 — 1047,

Woolford, M.K. and Pahlow, G. 1998. “The Silage Fermentation.” pp. 75-102. in Wood, B.J.B.
(Editor). Microbiology of Fermented Foods. 2nd ed. Padstow Comwall: T. J. Inter- national.

Yang, J., Cao, Y., Cai, Y.and Terada, F.2010. Natural populations of lactic acid bacteria
isolated from vegetable residues and silage fermentation. J. Dairy Sci.

Yuana, X., Guo G., AiYou W., Desta, S. T., Wang, J., Wang, Y. and Shao, T. 2015. The effect of

different additives on the fermentation quality, in vitro digestibility and aerobic stability of a total

mixed ration silage. Anim. Feed Sci. Tech.207: 41-51.

Zhang, J.G., Cai, Y., Kobayashi, R. and Kumai, S. 2000. Characteristics of lactic acid bacteria
isolated from forage crops and their eEffects on silage fermentation. J. Sci. Food and

Agri. 80: 1455-1460.



)
Q‘>
Iie

Il
1y
(s
¢
[
[¢P

This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



52

86

Budgarian Journal of Agricultural Science, 23 (No 1) 2017, 86-91
Agricultural Academy

LACTIC ACID BACTERIA AND ENZYME PRODUCTION IN SILAGE OF GUINEA GRASS
(PANICUM MAXIMUM)

SUPHALUCKSANA WICHAI'"!; KASEM SOYTONG?

! King Mongkut’s Institute of Technology Ladkrabang, Department of Animal Production Technology and Fishery,
Faculty of Agricultural Technology, Bangkok, 10520 Thailand

Y King Mongkut’s Institute of Technology Ladkrabang, Department of Plant Production Technology, Faculty of
Agricultural Technology, Bangkok, 10520 Thailand

Abstract

Wichai, S. and K. Soytong, 2017. Lactic acid bacteria and enzyme production in silage of guinea grass (Panicum
maximum). Bulg. J. Agric. Sci., 23 (1): 86-91

Two different isolates of lactic acid bacteria, Lactobacillus plantarum H5-M13F and Pediococcus pentosaceus Ac2-M13F
were confirmed by morphological and phylogenic identification, H5-M13F was rod shaped, gram positive, negative for gas
production and catalase activity, homofermentative, and grew at 10— 45 C, pH3.5- 9.6, and 1.0 - 10 % NaClL,. Isolate Ac2-
MI3F was coccus shaped, gram positive, negative for gas production and catalase activity, homofermentative, and grew at
10-45C,pH3.5-9.6, and 1.0- 6.5 % NaCL. Amplification of the ITS regions from isolates H5-M13F and Ac2-M13F were
confirmed by using Primer OPA-3. The phylogenetic tree from PAUP analysis indicated that isolate HS-M13F clustered with
Lactobacillus sp. and isolate Ac2-M13F with Pediococcus sp. Phylogenetic analysis and dendrograms revealed no relationship
between the two groups. It was found that isolate HS-MI3F mostly isolated from silages (87.59%) while isolate Ac2-M13F
was found at a low incidence in silages (3.19%). Lactobacillus plantarum H5-M13F and Pediococcus peniosaceus Ac2-M13F
from silage of guinca grass showed the ability to produce extracellular degradative enzymes. Pediococcus pentosaceus Ac2-
MI3F produced amylase and protease and Lactobacillus plantarum H5-M13F produced protease.

Key words: lactic acid bacteria; enzyme; silage; guinea grass

Introduction

Guinea grass (Panicum maximum) is a fiber resource gener-
ally used for ruminant feed in Thailand (Aganga and Tshwe-
nyane, 2004). One problem is the lack of subsaquent crops of
goad quality roughage which can be fed to dairy cows during
the dry season. Therefore, inplementation of quality roughage
in the rainy season comes to storage in the form of fermented
forage or silage that can solve the feed shortage problem. The
main factors involved are to produce silage more rapidly by
using potent degradative microorganism especially lactic acid
bacteria (LAB) (McDonald ct al,, 1991; Brookes and Buckle,
1992), The species diversity of bacteria may vary according to
type of forage to be fermented (Cai ct al, 1999a, 1999b; En-

*Corresponding author: wichais@hotmail.com

nahar et al., 2003; Wang et al., 2006; Parvin and Nishioo, 2009,
2010). This research was focused on finding potent LAB to be
used in silage for animal feed. Enzyme production activities in
silage arg also available to break down forage fiber, Wallace et
al. (2001) reported that the relationship between enzyme activi-
ties and in vitro gas production using grass and com silage had
significant positive correlations with cellulase activity and gas
production from grass silage. The question is: how to improve
the nutrition of farmers’ ruminant animals when each animal
raiscr keeps only onc animal? In flood or summer, the major
fodders available are grass or rice straw, together with limited
quantities of hay and concentrated feeds. As a minimum, it is
essential to provide a green fodder supplement to enhance ru-
men function for bovine animals. For animal raisers with lim-
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ited production capacities, finding enough feed in the flood or
summer wmonths to maintain good production is always a prob-
lem. There are many forced to buy roughage, concentrates or
silage just to keep their animals alive and are ymable to benefit
financially due to the higher prices paid for animal feed in the
flood or summer months. The objective of this research was to
identify and investigate effective LAB producing enzymes to
degrade silage consisting of guinea grass (Panicum maxinmmni)
for animal feed.

Materials and Methods

Isolation and identification of lactic acid bacteria from
silage

Silage preparation

Forty-five day-old guinea grass (Panicum maximmom) was
cut into 5 cm pieces by sickle starting at the ground level. The
harvested material samples were chopped to 2-3 em by knife.
The pre-silage material samples were mixed with 1% NaCL, put
in polyethylene bags and stored at ambient temperature for 21
days. A total of 25 g per samples was dissolved in 100.ml sterile
water and stirred for 10 min. The pH values were measured us-
ing a pH meter (Polan et al., 1998). After a21-day fermentation,
the color and aroma of the silages were described according to
the score indices of Muhammad et al. (2008). For the color de-
scription, the silage was scored as 1 = dark or deep brown, 2 =
light brown, 3 = pale yellow and 4 = yellowish green. For the
aroma description, the silage was scored s 1=putrid or rancid,
2 =pleasant, 3 = sweet and 4 = very sweet. The analysis of total
count of lactic acid bacteria was done by dilution plate method.

Isolation

The samples were collected from the silage in three parts of
each silo, upper, middle and lower parts. The samples consisted
of 100 g from cach part which were mixed and 10 g randomly
collected sub samples were ditlufed with distilled water then
mixed with 90 ml of 0.1 % peptone. The sample was serially
diluted up to 10%, then 0.1 ml was pipetted and spread plated on
de Man, Rogosa and Sharpe broth (MRS) mixed with calcium
carbonate 1 % (de Man et al, 1960) and incubated at 30  4°C
for 48 h The single colonics observed and isolated into pure
culture,

Morphological identification

Gram stain technique was used to’ differentiate two large
groups of bacteria between Gram positive and Gram negative
which appeared violet or red, respectively. Those bacteria that
hold on to the primary iodine dye complex and remain violet
were characterized as called Gram positive and those which are
decolorized and subsequently take up the counterstain (pink/

red) that were characterized as gram negative. The morphology
of isolated LAB were noted based on the methods of Kandler
and Weiss (1986) (Gram’s stain, Catalase test, and Gas produc-
tion test). The resultant data were compared with the descrip-
tions of Kandler and Weiss (1986) and Stiles and Holzapfel
(1997). The catalase production test was done using a drapper
or Pasteur pipette, placing 1 drop of 3% hydrogen peroxide
onto the microorganism on the microscope slide, which were
mixed. The microscope slide was immediately covered with a
lid to Limit aerosols and observe for immediate bubble forma-
tion (O, + water = bubbles). The formation of bubbles against a
dark background enhanced readability. Positive reactions were
indicated by immediate effervescence (bubble formation).The
microscope slide placed over a dark background viewed with
a magnifying glass or microscope (40x) was used to observe
weak positive reactions. No bubble formation (no catalase en-
zyme to bydrolyze the hydrogen peroxide) represents a cata-
lase-negative reaction (South Bend Medical Foundation, 2010).
Gas production was tested by transfeming pure cultures into
MRS mixed with 1% NaCl,. Durham tubes containing steril-
ized liquid media were incubated at 30 4 4°C for 48 b. Tubes
filled with gas, indicated heterofermentation, tubes without gas,
homofermentation (Hayward, 1957). A growth test with differ-
ent temperature regimes was done by transferring pure cultures
into sterilized MRS media and incubating at 10, 30 and 45°C for
48 h, then observing for turbidity (Cai et al, 1998; Yang et al.,
2010). Salt tolerance was tested at different concentrations of
NaCl, by transferriog pure cultures into sterilized MRS mixed
with sterilized NaCL at 1, 3, 6.5 and 10% wiv, and incubating at
304 4°C for 48 h and observing for turbidity (Cai et al., 1998;
Yang et al,, 2010). The growth test for different pH levels was
done by transferring pure cultures into stelized MRS with pH
adjusted to 3.5, 5.7 and 9.6, incubating at 30 + 4°C for 48 h and
observing for turbidity (Kandler and Weiss, 1986; Yang et al.,
2010). Morphological identification was done by following the
methods of the Bergey Manual of Determinative Bacteriology
(1994). :

Piylogenetic identification

The isolates of LAB were sepamately cultured on MRS
mixed 1% caleium carbonate, incubated at room temperature
(30 £ 4°C) for 24-48 b; single colonies were collected for DNA
extraction and observed under a compound microscope for
morphological characteristics (Oneca et al., 2003). The OPA-3
primer (5’-AGTCAGCCAC-3") was used (Quere et al,, 1997).
The 25 ul PCR solution of consisted of 1X PCR buffer with
(NH,),S0, (Tris-HCl 75 mM, pH 8.8,25°C,(NH,),S0, 20 mM
and Tween 20 0.01%), MgCl, 2 mM, dNTP 400 uM, primer
OPA-3 0.4 pM, Taq DNA polymerase 0.1 unit/ pl and the cul-
tured colony to amplify DNA fragmeats. A cycle was copsisted
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of an initial denaturation at 94°C for 5 min and followed by 45
cycles of denaturation at 94°C for 30 sec, annealing at 36°C for
1 min and extension at 72°C for 1 min. PCR products were sent
to purify and sequence. The sequences were aligned and ad-
Jjusted using Clustal X program for phylogenetic analysis, DNA
sequences were edited and aligned with the BioEdit program,
version 7.0.5  (bttp://www.mbio.ncsu edu/BioEdit/bioedit.
html). Sequences were multiply aligned with Clustal X version
1.83 before performing the analysis using the maximum parsi-
mony method with (PAUP) 4.0b (Swofford, 1998). For maxi-
mum parsimony analyses, bootstraps of 1000 replicates were
performed to examine the relationships of each isolate. Maxi-
mum parsimony trees were calculated via fast stepwise addition
with representative isolates from GenBank (httpz//www.ncbi
nlm.nih gov) and Enterococcus spp. was used to analyze as the
out-group. Genetic relationships among Lacfebacillus spp. and
Pediococcus spp. isolates were determined using the sequences
of the ITS region of tDNA to construct phylogenetic trees.

Proximate composition analysis of silage

For each treatment, 1000 g of fresh material were random
collected to determine nutrient composition. The samples were
oven dried at 60°C for 48 h prior to proximate analysis. Dry
matter (DM), Ash, Crude fat (CF), Ether extract (EE), Crude
protein (CP) and Crude fiber (CF) were determined according
to the methods of AOAC (1995). Neutral detergent fiber (NDF)
and Acid detergent fiber (ADF) were determined according to
the method of Van Soest and Robertson (1979), All analyses
were conducted using the Fibertec System M6 (FOSS, USA).

Engyme production

The two species of LAB isolated from silage were selected
for their ability to produce extra cellular degradative enzymes
such as amylase, protease, lipase, cellnlase and ligninase. Three
replicates of each treatment were assayed and non-transferred
plates served as negative controls. Transferred plates were in-
cubated at 25°C, and checked at either 5 or 10 days depending
on the growth rates. When the colonies grew over 50-60% of
the area of the plate, chemical indicators were added to assay
enzyme activity and activity zones.

Amylase— A drop of the bacterial culture was streaked onto
a starch agar plate, then incubated at 30°C for 48 b, When colo-
nies were visible, the plate was flooded with Lugol’s solution,
then the clear zone surrounding the colony was monitored. If
the starch was hydrolyzed by the excreted amylase, a clear zone
around the bacterial colomy appeared. A yellow zone around the
colony in an otherwise blue mednum was considered a positive
test for starch hydrolysis as modified by Gessoer (1980).

Protease - Skim milk agar plates were streaked with bacte-
nial colonies, then incubated at 30°C for 48 b, and the clear zone

swrounding the colony was monitored. Clear zones surround-
ing visible colonies implies a positive caseinase (protease) reac-
tion (Folasade and Joshua, 2005).

Lipase - Lipase activity test was performed by growing the
isolates on trypticase soy agar. A volume of 3.5 ml of melted fat
stained with Nile blue sulfate was added to 70 ml of trypticase
soy agar medium the plates were streaked with purc cultures
and one non-inoculated plate served as the negative control. A
positive test was mdicated by the occurrence of precipitated fat-
ty acid crystals around the colony (Abdel-Rheem and Shearer,
2002).

Cellniase — Cellulase activity was assessed using cellulose
azure agar. The tested LAB were assayed by growing oo Pep-
tone Yeast Glucose (PYG) medium which consisted of peptone
1.25 g, yeast extract 1.25 g, glucose 3 g, agar 18 g in 1000 ml of
sterilized water. Thereafier, the bacteria transferred to Cellulo-
lytic Basal Medium (CBM) which consisted of NHH,P0, 0.1g,
KC10.2g, CaCl, 02g, MgSO,.7TH,0 0.2g, 4% of CMC 250 ml,
agar 18g in 750 ml of sterllized water. The plates were incuba-
tion for 7-10 d before observation for the colony grow over 50%
of the Petri dish. Then 2% of congo red solution was poured on
the control and treated plates, and after 15 min was washed by
sterilized water. Then 1M NaCl, solution was added and after
15 min a clear zone surrounding the colony was monitored. If
a clear zone appeared, it implied to the production of cellulase
(Paterson and Bridge, 1994).

Lignimase — Ligninase activity was determined by the per-
oxidase test in PYG and then transferred to com meal agar
(CMA) which consisted of com meal agar 20 g per 1000 ml
and incubated for 5-10 d. The colonies were observed and then
using a sterilized cork borer (0.5 cm diameter) wells were made
at the growing edges of colonies. One drop of solution was
dropped into a well which consisted of 1% wiv of perogallic
acid and 4% hydrogen peroxide. A positive test was indicated
by the formation of a golden yellow to brown color around the
colonies (Abdel-Rheem and Shearer, 2002). .

Results and Discussion

Silage preparation

After 21 d of ensilage, the plastic containers were opened
and examined for gross characteristics. Overall, the silages were
of good color, aromatic and acidic. The silages contained an av-
crage of 76.47% moisture. The pH valuves of the silages aver-
aged 5.53. The pH values indicated the anaerobic fermentation
of the silages similar to the work of Schroeder (2004).

Isolation and Identification of lactic acid bacteria
Isolation
The colonies of LAB grown on MRS had different char-
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acteristics and clear zones were observed around colonies due
to the production of lactic acid which causes the conversion of
calcium carbonate to calcium lactate (Frazier and Rupp, 1928).
The colonies of LAB were white, opaque around colony cir-
cular and entire, tops of colonies were flat, raised, convex or
umbonate. These characteristics conformed to the general char-
acteristics of LAB (Kandler and Weiss, 1986). The average total
count of LAB after fermentation was 5.99x10° cfu/g.

Mormphological identification

& The morphology of the isolated lactic acid bactenia after
stafning is shown in Figure 1. All bacteria isolated were Gram
positive and rod or cocei shaped, The tested bacteria were un-
able to produced catalase as indicated by the catalase enzyme
test (Caplice and Fitzgerald, 1999) and were determined to be
LAB. The gas production test for fermentation pathway in each
of the samples found that the LAB were homofermentative. The
samples of homofermentative were mostly rod shaped the rest
WETE COCCL

e They were able to grow at 10, 30 and 45 degree Celsius,
at NaCl concentrations of 1, 3, 6.5 and 10% and a pH of 3.5,
5.7 and 9.6 in each isolate that could be separated into 4 groups
(A-D) as shown in Table 1. When compared with the charac-
teristics described by Kandler and Weiss (1986) and Stiles and
Holzapfel (1997). The 57 different isolates could be divided
into two genera. Lactobacilfus sp.H5-M13F was commounly
found in silages (an incidence of 87.59%) Ennahar et al. (2003),
Parvin and Nishino (2009) reported that this bacterium can be
commonly detected in silage. Pediococcus sp. Ac2-M13F was
found in silages at a lower incidence (3:19%).

Phylogenetic Identification

Amplification of the ITS regions from isolates of Lactoba-
cillus spp. and Pediococcus spp. nsed the Primer OPA-3. The
phylogenetic tree from PAUP analysis placed the Lactobacilius
spp. and Pediococeus spp. into two distinct groups. Phyloge-

89
Table 1
The characteristics of lactic acid bacteria isolated from silage
Characteristic . ™ Group )
A [ B [ ¢ | »

Morphology Rods Rods Coccl Cocei
Gram + + + +
Catalase test - - - -
Gas test - - - -
Fermentation Homo Homo . Homo homo
Temp
10eC * + -
30:C + + + +
45C + - + +
pH
3,5 + + + +
5.7 + + + +
9,6 + : + + +
NaCL
1,00% - + i + +
3,00% + + + +
6,50% + + + +
10,00% + - - -
Identifided as  Lactoba- Lactoba- Pedococ- Pedococ-

cillus sp.  cillussp.  cus sp. cus Sp.

Note: + = Positive reaction, — = Negative reaction, + = Variable reaction;
Homo = Homofermenttive

netic apalysis produced a dendrogram indicating that there was
no relationship between the Lactobacillus spp. and Pediococcus
spp. groups (Figure 2).

Proximate analysis of silages
. The proximate composition of the examined silages (Table
2) showed that dry matter changed from 20.9% before treat-
ment to 23.5% after treatment. Ash content was 15.7 %, crude
protein 7.9%, crude fiber 42.6%, ether extract 4.2%, nitrogen
free extract 22.6%, organic matter 84.2%, neutral detergent fi-
ber 56.5% and acid detergent fiber 37.8%. Jolaosho et al. (2013)

(‘_ R W 9 ..'.\.r ‘
,,;'C 8 Ly,

tn

Fig. 1. Morphology of lactic acid bacteria isolated from silage
A and B showed characteristics of Lactobacilli
C and D showed characteristics of Pediococci
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Table 2
Composition of Guinea grass silage from Proximate analysis

Composition Before After
fermentation | fenmentation

Dry matrer (DM) 209 23.5
Ash 11.1 15.7
Curde protein (CP) 79 79
Crude fiber (CF) 338 426
Ether extract (EE) 56 42
Nitrogen free extract (NFE) 359 2.6
Organic matter (OM) 83.8 842
Nutral detergen fiber (NDF) 58.6 56.5
Acid detergen fiber (ADF) 31 378 |

reported that the proximate compasition and fiber fractions of
silage from Guinea grass showed that DM was 21.03%, CP
9.48%, EE 6.5%, ASH 8.13%, NFE 15.58% NDF 60.31% and
ADF 40.98%.

Enzyme production properties

The efficacy of Lactobacillus spp. and Pediococcus spp.
from silage to produce extracellular degradative enzymes was
examined. The results showed that the two genera were able to
degrade, to some degree, starch and protein (Table 3). Lactic
acid bacteria identified as Pediococcus sp. had able to produced
amylase and profease. [uchi et al, 2012 isolated Pediococcus
ethanolidurans A4-27 from Japanese pickles (nuka-zuke) and
found that it conld produce a high molecular weight amylase.
They indicated that the amylase enzyme from P, ethanoliduran-
sis was useful for fermeatation of rice bran-bed (nuka-doko)
which contained more than 15% NaCl

Lactobacillus sp. produced protease indicated by clear
zones around and below colonies.

Pediococcus sp. produced amylase indicated by a yellow
clear zone around the bacteria colonies.

Conclusion

Isolates of LAB were identified which based on their mor-
phology were divided into two genera. Lactobacillus sp.HS-
MI13F was found at a high incidence in silages (87.59%) and
Pediococcus sp. Ac2-M13F was found at a low incidence
(3.19%). The phylogenctic trec from PAUP analysis placed
the recovered Lactobacillus sp. and Pediococcus sp. into two
distinct groups. Phylogenetic analysis revealed that there
was no relationship between of the Lactobacillus sp. and
Pediococcus sp. groups. The proximate composition of the
examined silages showed that silages contained an average
of 76.47% moisture. The pH values of the silages averaged
5.53, DM 23.5%, Ash content 15.7%, CP 7.9%, CF 42.6%,
EE 4.2%, NFE 22.6%, OM 84.2%, NDF 56.5% and ADF
37.8%. Lactobacillus sp, could produce protease and Pedio-
coccus sp. was able to produce amylase and protease. These
two species can possibly be used to improve the nutritional
value of the silage, TMR or roughage for ruminant produc-
tion.
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Fig. 2. Phylogenetic relationships of Lactobacillus spp. and Pediococcus spp. isolated, based on the ITS regions of

rDNA sequences
The phylogenetic tree was obtained by the maximum parsimony mcthod using the PAUP4.0b program. Enterococcus sp. was used as the out group.
The numbers above the lines represent the 1000 replicates parsimony bootstrap vahues
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The objective of this study was to impraove the quality of pineapple plant silage by leucaena supplementation
and using it as roughage during the shortage of green forages. There were 5 treatments as follows :-
1. Pineapple plant 100%, 2. pineapple plants mixed with leucaena 5%, 3. pineapple plants mixed with
leucaena 10%, 4. Pineapple plants mixed with leucaena 15% and 5. grass 100%. The Completely
Randomized Design (CRD) with four replications each was used in this experiment. All treatments were put in
1%NaCL; and tightly sealed in plastic containers. They were stored at room temperaiure for 21 days. The
silage treatments were evaluated on physical characteristics, chemical composition and fibre analysis. The
physical characteristic showed that the color of treatment 1 was a yellow green color, a good characteristic of
silage. For treatments 2, 3 and 4 there was a lighl brown color. Treaiment 5 was a dark brown in color. The
aromas of all silage treaiments were aromatic and acidic like pickled fruit. The evaluation of chemical
composition showed a highly significant difference among the treaiment groups (p < 0.01). Treatment 4 was
the highest in protein and metabolizable energy percentage with the averages of 8.19% and 3,697.17 kcal/k,
respectively. The percentage of crude fibre was reduced with the increase of lsucaena in the silage.
Treatment 5 was the highest in crude fibre. The pineapple plant silage mixed with leucaena could improve the
quality of silage for ruminants.

Keywords: pineapple plant, leucaena, pineapple plant silage, ruminant feed

1. Introduction

Pineapple is one of the economic fruits of Thailand. This product is mostly used for fresh fruit consumption
and processing products within the country and.exported in terms of canned fruits and frozen fruits. There are
large amounts of pineapple plant which are harvested fresh for fruit consumption and processing products
such as canned pineapple (Gowda, 2015). Thus the farmer must dispose of this large amount of pineapple
plant waste to alleviates this problem for a green environment. Now they try to make a value added aspect of
pineapple and their by-products. Also, the use of pineapple plants contributes to useful materal for the
industrial sector such as texiile, pineapple fibre cloth, enzyme, combustible material, etc.

Pineapple is a component of the trunk. Farmers cut off the plants after harvesting. Pineapple leaves are waste
or by — product of agriculture. There are almost all year long and will be much in range November — June
because it is period when most farmers collect the yield delivered factory, which meet the drought season,
where farmers shortage of fresh grass for ruminant. The analysis of pineapple leaves showed that the protein
8.47 %, fibre 17.89 %, ADF 25.87% and NDF 42.28 % (Warunee and Walaikhan, 1998). Pineapple leaves can
be used as a component in total mixed ration for dairy feed, without any effect on milk production.

The most important aspect of animal husbandry is to reduce the costs of production or the costs of animal
feed in order to maintain the livestock business. The reduction in production costs that can be achieved is the
feed efficiency. Ruminants are animals that use both concentrate and roughage. Roughage include forage
crop such as grass and legume. But roughage is usually of low quality and insufficient for the needs of
ruminants. Because the fammers have limited space in the preparation of forage crop or pasture and often
lacking, especially during the dry season. There are various by — products in agriculture instead such as
pineapple leaves or pineapple plant can be used to feed dairy cattle (Prachya et al., 2001). Pineapple leaves
or pineapple plant can be a source of roughage for ruminants, but lack of knowledge and understanding of the
proper use, the opportunity o be used to maximum benefit. Because of this, it is necessary to develop
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plant silage, Chemical Engineering Transactions, 58, 847-852 DOI: 10.3303/CET1758142
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appropriate knowledge for farmer to increase farmers' incomes. Suchat et al. (2011) was to determine the
effect of ensiled pineapple waste compared with pangola hay as roughage source on rumen fermentation and
feed utilization of native cattle. The apparent digestibility of dry matter, organic matter, crude protein, NDF and
ADF in cattie fed only pineapple waste as roughage source was higher than in cattle fed only pangola hay.
The pineapple waste have several benefit in terms of increasing caloric density, digestibility and feed
utilization as compared to pangola hay. Moreover, it also enhances populations of dominant cellulolytic
bacieria in the rumen.

The chemical composition of the pineapple plant is high in fibre which makes it is a good source of fibre for
ruminant feed. Pine apple plants could be used as ruminant feed in silage forms o preserves the quality of its
nutrient (Sayan, 2004). Furthermore, it can be kept for a long time. Pineapple plant silage can alleviate a mal-
nutrition in ruminants during the dry season or fiooding time. It is a high quality silage because it is good in
digestibility and palatability. It is easy for animal raisers to make pineapple plant silage for their animals by
themselves. This can help reduces animal feed cost and increase the quality of feed which is reflected in the
high production performance of their animal. However, the quality of silage is depends on feed additive uses
during the making processes. This research is aimed at selecting the suitability of leucaena level to apply to
pineapple plant silage making for ruminant feed.

2. Materials and Method
2.1 Silage preparation

The harvested material was 3 samples of para grass, leucaena and pineapple plants randomly taken and
chopped to 2-3 cm. (Figure 1) The pre-silage material samples were 5 treatments as follows:- 1. pineapple
plant 100%, 2. pine apple plant mixed with leucaena 5%, 3. pine apple plant mixed with leucaena 10%, 4. pine
apple plant mixed with leucaena 15% and 5. grass 100%. All treatments were put into 1%NaCL; and tightly
sealed in plastic containers. They were stored at room temperature for 21 days. A total of 25 g sample was
dissolved in 100 mi stenle water and stimed for 10 min. The pH values were measured for acidity changes
using the pH meter (Polan et al., 1998). Afler 21 days fermentation, the color and aroma of the silages were
evaluated according to the indices score of Muhammad et al. (2008). For the color description the silage was
scored as 1 = dark brown, 2 = light brown, 3 = pale yellow and 4 = yellowish green. For the aroma description
the silage was scored as 1 = pulrid or rancid, 2 = pleasant, 3 = sweet and 4 = very sweet.

Figure 1 The Fresh samples of pineapple plant

2.2 Proximate composition analysis of silage

Fresh samples of 1,000 g were randomily by collected to determine nutrient composition. The samples were
done by oven drying at 60° C for 48 h prior to proximate analysis. Dry matter (DM), ash, crude protein (CP),
crude fibre (CF), ether extract (EE), nitrogen free extract (NFE) and organic matter (OM) were determined
according to the methods of AOAC (1995). Neutral detergent fibre (NDF) and Acid detergent fibre (ADF) were
determined according to the method of Van Soest and Robertson (1979). Proximate analysis was done before
and after fermentation. The experiment was repeated two times. Data were then computed using analysis of
variance and treatment means were compared with Duncan’s Multiple Range Test (DMRT) at P = 0.05 and P
=0.01
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3. Results
3.1 Physical characteristic of silage

After 21 days of ensilage, the plastic containers were opened and examined for gross characteristics. The
physical characteristic (Table 1.) showed that the color of treatment 1 was a yellowish green color which was a
good characteristic of silage (Figure 2). For treatment 2,.3 and 4 they were light brown color. Treatment 5 was
a dark brown color, with quality being lower than treatment 1, 2, 3 and 4 (Muhammad et al., 2008). Generally,
the silage should have a darker color than fresh forage because the color of chlorophyll reacted with acid from
fermentation. These changed them to become a magnesium free pigment phaeophytin. However, the
carolene was a provitamin A which was suffered from oxidation at high temperature (Azim et al.,2000 ;
Wanapat, 1986). The aroma of silage treatment 1, 2, 3 and 4 were aromatic and acidic like pickled fruit (sweet
smell). The sweet smell was caused by lactic acid bacteria which utilized sugar in the forage to produce lactic
acid and volatile acid (McDonald st al.,1991; Memy et al., 2000). For treatment 5 the aroma of silage was very
sour and may have occurred by the activity of proteolytic bacteria change protein to ammonia, volatile acid,
amine and amide which dissatisfied in silage (Sayan, 2004). The pH values of silage treatment 1,2, 3, 4 and 5
were 3.45, 3.43, 3.72, 3.52 and 4.27 respectively. Overall, treatments showed highly significant differences at
a low level (P < 0.01). The pH values of silage was indicated that bacteria to produced lactic acid (Schroeder,
2004). The pH of good quality silage was 3.5 — 4.5, if pH increases more than 5.1 it was low quality (church,
1991). The moisture value of silage showed that highly significant differences (P < 0.01). Treatment 1 gave
significantly higher moisture (81.83%) than treatment 4 (80.95%), treatment 2 (79.77%), treatment 3 (79.10%)
and was lower in treatment 5 (72.93%). The silage making had high moisture and lowered dry matter during
raining season may have coursed risk for the silage to spoil. In cases where the silage had lower moisture
and higher of dry matter it may have been more fibre difficult to compact the silage in the silo ( Saranya W.
and Jantakam, A., 1987).

Table 1 The Physical Characteristics of Silage

silage character

Colour of silage Aroma of silage
1 Pineapple plant 100% Yellowish green Aromatic and acidic
2  Pineappie plant mixed with leucaena 5%, Light brown Aromatic and acidic
3  Pineapple plant mixed with leucaena 10%, Light brown Aromatic and acidic
4  Pineapple plant mixed with leucaena 15%, Light brown Aromatic and acidic
5  Grass silage 100% Dark brown Very sour

Figure 2 The physical characteristics of pineapple plant silage
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3.2 Nutritive values of silage

The proximate composition of the examined silage is shown in Table 2. Results revealed that highly
significant differences (P < 0.01). Treatment 5 gave significantly higher dry matter (27.08%) than treatment 3
(20.80%), treatment 2 (20.23%), treatment 4 (19.05%) and was lower in treatment 1 (18.17%). For the good
fermentation process and fast originate, dry matter had a loss of approximately 1 — 2 % from respiratory of
forage during first stage (McDonald et al., 1991). The value of ash showed that Treatment 5 gave significantly
higher ash (16.02%}) than treatment 3 (9.71%), treatment 1 (9.38%), treatment 2 and lower ash in treatment 4
respectively. The increased of ash occurred by the ufilization of plant organic substance and change to
inorganic substance by microorganism during fermentation (Frame, 1994). The calcium value of silage
showed that treatment 4 gave significantly higher calcium (0.48%) than treatment 3 (0.35%), treatment 5
(0.34%), Treatment 2 (0.32%) and lower calcium in treatment 1 (0.26%) respectively. For the phosphorus
treatment 1 gave significantly higher phosphorus (0.38%) than treatment 4 (0.36%), treatment 2-3 (0.29%)
and lower phosphorus in treatment 5 (0.19%) respectively. Treatment 4 gave significantly higher protein
(8.18%) than treatment 5 (7.39%), treatment 3 (6.99%), treatment 2 (6.39%) and lower in treatment 1 (8.13%)
respectively. Leucaena had condensed tannin 4 - 6 % of dry matter which could be caught protein and
protect the digestion by microorganisms. McDonald et al. (1991) reported that usually decreases in protein
was due lo the initially digestion by microorganism, while the increased of protein may occurs by the influence
of salt, which it prevents clostridium sp. to not destroy protein. There were not significantly differences in
protein, ether extract, calcium, and phosphorus. Pineapple plant mixed with leucaena 5% gave significantly
lower fibre (21.76%) than pineapple plant mixed with leucaena 10% (22.51%), pineapple plant mixed with
leucaena 15% (23.15), pineapple plant 100% (24.18%) and grass silage 100% respectively, but it was not
significantly different in the pineapple plant mixed with leucaena. However, fibre decreased during
fermentation which may occurred have happened due to /actobaciflus sp. which could have digested the cell
wall (Mc Donald et al., 1991)

Table 2 Proximate composition analysis of pine apple plant silage.
Nutritive value of pine apple plant silage

Uy & L Most. DM _ Ash _ CP__ CF ca_ P Energy

1 345t 8183 gy gagb 513! 2418" 026° 038"  3.620.99°
2 3430 97T o003 gos* ag®  2176° 032 0268 347106
3 372> 191 090" 971®  69et° 2251° 035 020b  3.47586"
4 asze 8095 goce giuc  grgr 2345% 048 036" 3,69747°
5 aar 29 gp080 102" 738 2542% 0345  049°  3.020.80°

Means followed by a common letter in each column are not significantly different (p<0.01)

Results showed that fibre analysis by using Van Soest demonstrated the fibre digestion of pineapple plants
mixed with leucaena silage could be degraded (Table 3). Pineapple plant mixed with leucaena 15% gave
significantly lower NDF (42.19%) than pineapple plant mixed with leucaena 5% (43.30%), pineapple plant
mixed with leucaena 10% (43.71%), pineapple plant 100% (47.10%) and grass silage 100% (48.76%), but it
was not significantly different in pineapple plant mixed with leucaena. For NDF the decreased in may be due
fo the part of cell wall &and carbohydrate structure being utilized as an energy source for microorganism
growth during fermentation (O'Kiely and Muck, 1998). Pineapple plant mixed with leucaena 5% gave
significantly lower ADF (29.85) than grass silage 100% (29.88%), pineapple plant mixed with leucaena 15%
(30.46%), pineapple plant mixed with leucaena 10% (30.90%) and pineapple plant 100% (31.94%)
respectively. The acid detergent fibre of silage trend were perhaps increased by the sugar structured in the
plant cell with the microorganism being utilized and causing ADF increase (Campbell and Bruchanan-Smith,
1991). Generally, a good range of ADF in dairy cattle’ feed should be around 40 - 60 % to produces buterfat
in milk (Somijit, 2006, Jantakarn, 2009). Grass silage 100% gave significantly lower ADL (3.98%) than
pineapple plant mixed with leucaena 15% (5.66%), pineapple plant mixed with leucaena 5% (5.99%),
pineapple plant 100% (6.19%) and pineapple plant mixed with leucaena 10% (6.23%) respectively. It was not
significantly different in ADL of pineapple plant 100% and pineapple plant mixed with leucaena. The gquantity
of lignin, cellulose, and hemicellulose in feed are important for the forage crop of ruminants. A good quality of



62

851

forage crop should be low in lignin (Flores, 1991). In this study, pineapple plant mixed with leucaena 15%
gave significantly higher metabolizable energy (3,697.17 kcal’k) than pineapple plant 100% (3,620.99 kcal/k),
pineapple plant mixed with leucagna 10% (3,475.88 kcal’k), pineapple plant mixed with leucaena 5%
(3,471.06 kcalk) and grass silage 100% (3,029.80 kcal/k) respectively. The leucasna was completed in
nutrient and when mixed with the pineapple plant the metabolizable energy was increased (Piliwan et al.,
1989).

Table 3 Fibre analysis of pineapple plant silage.

Treatment NDF ADF ADL
1 47.10° 31.94° 6.19°
2 43.30° 29.85° 5.99°
3 43.71° 30.90% 6.23°
4 42.91° 30.46% 5.66"
5 48.76" 29.88° 3.98°

Means followed by a common letter in each column are not significantly different kp<0.01)

Treatment 1. = pineapple plant 100%

Treatment 2. = pine apple plant mixed with leucaena 5%
Treatment 3. = pine apple plant mixed with leucaena 10%
Treatment 4. = pine apple plant mixed with leucaena 15%
Treatment 5. = grass 100%.

4. Concluslon

The uses of leucaena to improve nutritive value in pineapple plant silage were determined. This study was to
improve the quality of pineapple plant silage by leucaena supplementation for using as roughage during the
shortage of grean forages. Thera were 5 treatments as follows:- 1. pineapple plant 100%, 2. pineapple plant
mixed with leucaena 5%, 3. pineapple plant mixed with leucaena 10%, 4. pineapple plant mixed with leucaena
15% and 5. grass 100%. The silage samples were mixed with NaCl; all formula and kept tightly sealed in
plastic containers and stored at room temperature for 21 days. The results of physical characteristics,
chemical composition and fibre analysis of pineapple plant silage were indicated that the color appearance
of formula 1 was yellowish green color, formula 2,3,4 were light brown color and formula 5 dark brown color.
The aroma of the pineapple plant silage was aromatic and acidic like pickled fruit. The chemical composition
analysis of silage found that highly significantly difference (p< 0.01). Which this pH value in rang 3.43 - 4.27,
Dry matter 18.17 - 27.08%, ash 8.14 — 16.02%, protein 6.13 -B.18%, fibre 21.76 — 25.42, NDF 42.91 - 48.76,
ADF 29.85 — 31.94, lignin 3.98 — 6.23, Ca 0.26 — 0.48, P 0.20 — 0.38 and energy 3,029.80 - 3,697.17.
Pineapple plant silage mixed with leucaena could improve the quality of nutritive value for ruminants.
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EDUCATION SERVICE AND OTHER WORKS
Position : Head of Budgetary Analyze and Preparation
Section Committee of Dairy Project (Denmark

Government Fund)
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Division :  Sukhothai Agricultural College

Department :  Vocational Education

Ministry :  Ministry of Education

Position :  Associate Dean for Student’s Affair
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