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CHAPTER I 

INTRODUCTION 

Dairy and beef cattle production in the southwestern 

United States is based on the use of alfalfa hay and corn or 

sorghum silage as the principle sources of harvested 

roughage. Alfalfa, either as hay or silage, is the main 

proteinaceous roughage used in most dairy and beef 

operations within this area. The heavy demand and seasonal 

offsets of alfalfa from the cattle, horse, sheep and goat 

industries has increased prices and decreased availability 

of high qualitry alfalfa during many years. Due to this 

fact, the beef and dairy industries are faced with the 

problem of locating otJier sources of high-protein, well 

preserved forages that can lower tJieir cost of production. 

During t:he middle of tihe 20"" century, Leucaena 

leucocephala was discovered to be a possible replacement for 

alfalfa in many farming systems where alfalfa production is 

impractical due to cost or climate. Many people in 

tropical, subtropical and semi-arid areas throughout the 

world have used this legume as a high qualitiy grazing forage 

or green-chop, in addition to its use for erosion control 

and as a fuel-wood source. However, little is known about 



the feeding value of this plant as a dried or an ensiled 

forage. 

Previous research indicates that Leucaena is a suitable 

fresh forage for dairy cattle, dairy goats, beef cattle, 

sheep and certain non-ruminant species like rabbits, swine 

and poultry. However, research is limited as to the value 

of Leucaena as a harvested and preserved roughage source for 

cattle. 

The search for new alternatives to standard forage 

production systems has lead many researchers to look for new 

species of plants that can compete with today's forages. In 

particular, ensiled legumes have not been able to gain in 

popularity because of the multitude of problems t:hat have 

been associated with their use, such as high protein loss 

and effluent leaching, rumen metabolic difficulties and 

forage production obstacles. 

Therefore, the objectives of this research were to 

determine the feeding value of dried, ground Leucaena for 

lactating dairy cattle on milk production and composition, 

to ascert:ain t:he ensiling characteristics of chopped, whole-

plant Leucaena; and to determine the in vitro digestion of 

Leucaena silage. 



CHAPTER II 

LITERATURE REVIEW 

Origin and Background 
of Leucaena 

Leucaena is a fast-growing, leguminous tree species 

tha.t is native to Central America, Mexico and southern 

Texas. It has been reported that greater than 100 varieties 

of Leucaena exist, ranging in mature height from 2 to 30 m 

(National Academy of Sciences, 1977) . Since its discovery, 

Leucaena has been distributed tJiroughout many tropical and 

subtropical areas of the world such as Africa, Australia, 

Hawaii, India, the West Indies and Pacific Islamds (Purcino 

et al., 1986/ Quirk et al. , 1990; Girdhar et al., 1991; 

Atta-Krah, 1992). In many of tJiese areas, Leucaena's 

primary uses are fuel-wood, erosion control and as shade or 

wind break for environmentally sensitive plants such as 

coffee (NAS, 1977). However, in addition to its primary 

uses, Leucaena is used extensively as a grazing forage cuid 

pasture crop by farmers in 1:hese areas. 



Production 

Forage yields of total dry matter production have been 

reported to be as high as 4.7 and 10.7 tons per ha for 

Leucaena harvested monthly and bimonthly, respectively, in 

Texas (Holt and Michaud, 1984) . Fifty-nine percent of the 

monthly harvesting consisted of leaves and succulent stems 

versus 42% for bimonthly harvesting. Leucaena leucocephala 

variety (Lam) Dewit has been reported to be one of the 

fastest growing trees in tihe world by Dovel et al. (1993) , 

witJi yearly biomass accumulations of more than 12,500 kg of 

dry matter per ha (Jones and Bray, 1982) . AnotJier variety 

of Leucaena found in the Hawaiian Islands, called the 

Hawaiian Giant has been reported to reach mature heights of 

greater than 30 m. Holliday and Somasegaran (1982) reported 

that Leucaena is capable of receiving between 110 and 600 kg 

N per ha by symbiotic N fixing Rhlzobium spp. bacteria. 

This capability is of great significance in tropical 

ecosystems, due to the fact 1:hat most tropical soils are 

actually quite poor, thus nitrogen fixation is important not 

only for t:he Leucaena plant but also its environment. 

Because of thLs response, Leucaena has been incorporated 

into many farming systems in Australia and Africa in an 

effort to return nutrients to the soil. Nitrogen 



distribution, within the plant, shows the highest amount of 

fixed N in the roots followed by the leaves, stems and 

branches, respectively (Sanginga et al. , 1990). 

Adaptability 

Leucaena is adapted to a wide range of soil and 

climatic conditions (NAS, 1977; Sanginga et al., 1990; 

Dovel, 1994). Leucaena shoots are readily killed at 

temperatures below -5°C, but its root system has proven 

resistant to freezing weather. Plantings of Leucaena in 

South Texas were subjected to temperatures as low as -15°C 

and showed a 98% or better survival (Singer et al. , 1991) . 

Germination time of Leucaena seeds planted in moist, fertile 

soils increased from 61 h to 240 h to reach 50% germination 

when temperatures decreased from 30°C to 20°C (Dovel, 1984) , 

thus indicating that plant survival during t:he planting 

season may be severely limited if ambient temperatures are 

not maintained near 30°C. Drought tolerance of Leucaena has 

been reported to be high due to of its vigorous taproot 

system and its ability to fold leaflets to prevent 

desiccation and to retain moisture (NAS, 1977). The taproot 

of t:he plant can reach depths of more tihan 6 m which is 

important in reclaiming nutrients from deep soil levels that 



are not accessible to plants growing at shallower depths. 

Leucaena is also known to maintain high levels of crude 

protein > 20%, in its leaves in areas with rainfall levels 

as low as 600 mm/yr (Mero and Uden, 1990). 

Composition 

The crude protein range for Leucaena is generally 

accepted to be 20-30%; however, reports of 35% are not 

uncommon (NAS, 1977; Bray, 1986; Tjandraatmadja et al. , 

1993a, 1993b) . Of this protein fraction of the forage, and 

depending on the variety, as much as ten percent of the CP 

value can be a non-standard amino acid (alkaloid) , mimosine, 

tihis compound has been shown to have toxic effects in both 

ruminants and non-ruminant animals (NAS, 1977) . In addition 

to tihis toxic element, Leucaena is also known to contiain 

tannins in varying amounts, generally moderate to high, 

depending on the subspecies. However, the crude protein in 

Leucaena is only slowly degraded in the r\imen, and when fed 

as a supplement to cows grazing Chlorls gayana (Rhodes 

grass) , increased milk production was seen to the same level 

as feeding protected casein (Flores et al., 1979; Aii and 

Stobbs, 1980; Minson, 1990). The energy content of fresh 

leaves has been noted to be 2.0 kcal digestible energy/g. 



which is consistent with most other legume species (NRC, 

1984, 1989; Singer et al., 1991). Skerman et al. (1988) 

reported that the composition of Leucaena young leaves and 

stems was 74.89% moisture, 36.0% crude protein, 2.77% crude 

fat. 17.69% carbohydrates, 2.25% crude fiber and 2.04% ash. 

The mineral content of Leucaena is similar to most 

other roughages in that it generally contains adequate 

amounts of calcium for growing ruminants while being 

deficient in phosphorus (NAS, 1977). Although no reference 

could be found for most minerals, reports were given for 

copper and iodine contained within the plant. Kabaija and 

Smith (1988), reported the average plsint contains 5.0 mg 

copper/kg DM, with a rsuige of 3.1-6.9 mg copper/kg DM 

(Kabija and Smith, 1988). Iodine is of concern with 

Leucaena because goiter is not uncommon in animals consuming 

the plant; levels of iodine were found to be 0.18 mg 

iodine/kg DM. However, these low levels of I are not the 

cause of goiter, rather the organic goitergen 3,4 DHP which 

can not be eliminated by increasing I supplementation 

(Minson, 1990). In addition to these minerals, Leucaena is 

generally accepted as having higher amounts of Vitamin A, 

beta carotene and potassium compared to alfalfa (NAS, 1977; 

Skerman, 1977; Doyle, 1989; Van Soest, 1990). 



Mimosine—a Non-Standard 
Amino Acid in Leucaena 

Mimosine, p-[N-(3-hydroxy-4-oxopyridyl)]-a-

aminoproprionic acid is a non-protein amino acid that is 

unique to the tropical plants, Alblzzia, Calllandra, Mimosa 

and Leucaena and their various spp (Mahyuddin et al., 1988; 

Tangendjaja and Wills, 1980). Due to the fact that Leucaena 

is a tropical species, an explsination for the purpose of 

this free amino acid or alkaloid that has no known function 

may be best described by M.J. Plotkin (1993) in a book on 

the medicinal uses of tropical plants: 

...Keep in mind that there axe many different types of 
insects and plauit eaters [in tropical forests]. Tropical 
plant species are thought to be twice as likely to 
contaiin alkaloids as temperate plants, and. they use many 
other types of chemicals as well, such as tannins. We 
use tannins to convert animal skins into leather. 
Imagine what happens if an insect bites into a plant full 
of [alkaloids and] tainnins. It may kill him, it may tan 
him, and if he survives, [the insect] isn't likely to 
repeat the mistake. ...Of the 30 million species of 
organisms [estimated to be] alive today, somewhere 
between 27 million and 29 million are insects with the 
majority living in tropical areas. (p. 48) 

Therefore, while mimosine may be incorporated in the plant 

to deter insect herbivorey, its effects on mammalian species 

can also be detrimental. This amino acid is of importance 

in considering the effectiveness of feeding Leucaena because 

of the toxic effects mimosine is known to have on both 

ruminants and non-ruminants alike. Adeneye (1991) reported 



that mimosine levels range from 6-12%, 3-5%, 4-5% and 2% DM 

for growing tips, young pods, seeds and green stems, 

respectively. Older stems and empty pods contain < 1% 

mimosine, while young leaves can contain two to three times 

the amount of mimosine as do mature leaves (Jones, 1977) . 

Effect of Mimosine and 3,4 DHP Toxicitiy 

Mimosine is known to have general antimitotic activity 

and depilatory affects in animals consuming high quantities 

of Leucaena (Lowry et al. , 1985). However, mimosine's 

degradation product, 3-hydroxy-4 (IH)-pyridone, (3,4 DHP) has 

also been associated with alopecia, chronic goiter, 

reproductive disorders, epithelial damage, excessive 

salivation and death in animals consuming Leucaena (NAS, 

1977; Tangendjaja and Wills, 1983; Lalitha et al., 1993). 

The toxic effects of mimosine can be limited by inoculating 

the rumen of animals exposed to Leucaena with microorganisms 

capable of degrading mimosine to non-toxic compounds 

(Hammond et al. , 1989). According to Van Soest (1994), the 

condition of mimosine toxicity is unique, because it is the 

first clear-cut case of non-adaptability of rumen bacteria. 

Usually ruminal microorganisms are capable of adapting to 

single compounds after exposure for only a few weeks or 



more, and are then able to degrade these toxic substances 

into non-toxic products that are excreted. In addition to 

ruminal inoculation, the effects of mimosine can be reduced 

to negligible levels by limiting the amount of Leucaena 

ingested to < 50% of the diet (NAS, 1977; Cunilio and Prine, 

1992). 

Effects of Feeding Dried Î eucaena 
on Animal Performance 

Supplementing low quality forages witih high protein 

feeds has been used as a means to promote increased intakes 

and digestibility of the lower quality forages (Forbes, 

1986) . For this reason, Iieucaena is widely used in many 

tropical areas as a supplement for animals grazing native 

rangeland. In tJiese areas, Leucaena is most commonly 

offered in t:he form of dried leaf material. The in situ 

digestibility of dried Leucaena was reported by Mahyuddin 

(1988) for leaves and edible stems dried at 40°C, 60°C, 

100°, sun dried or freeze dried, to be 72.8±2.70, 74.2±0.25, 

75.6±0.95, 76.3±2.05 and 77.3±1.15%, respectively, versus 

77.7±2.10 for fresh material. Doyle (1989) concluded that 

supplementation of rice straw with dried Leucaena at 30% of 

the total diet increased DMI, OMI, DCPI, DOMI and intake of 
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an alkali treated straw. It was also noted that Leucaena 

supplementation did not increase intake of non-treated 

straws that were of poor quality and low energy, thus 

indicating that Leucaena may not induce higher intakes of 

low quality roughages when fed as a supplement. 

When animals are fed a diet that is exclusively dried 

Leucaena, t:he effects can be more detrimental to production 

than the low weight gains normally seen for animals grazing 

native tropical grasslands. When calves were fed an ad 

llhltum diet of air dried Leucaena, they lost 0.91±0.31 

kg/week due to the toxic effects of mimosine, suid were found 

to be in generally poor health (Ram et al. , 1994) . The data 

have shown that 100% Leucaena feeding with a mimosine intake 

of 0.224 g/kg liveweight is sufficient to cause mouth 

ulceration cuid appetite loss in young calves. In contrast, 

when dried Leucaena makes up a much smaller portion of t:he 

diet, beneficial effects can be seen from its addition. 

Singer et al. (1992) reported that 10% Leucaena incorporated 

into a standard feedlot diet did not affect thyroid hormones 

or thyroid size. In addition, the 10% added Leucaena gave 

significantly higher weight gains over animals on the 

control diet, 1.08 kg/d versus 0.80 kg/d. 
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Effects of Leucaena as a Pasture 
or Green Chopped Forage on Production 

Leucaena leaves, flowers, green pods, buds and new 

shoots are each an acceptable source of nutrients for 

ruminants and other livestock (NAS, 1977). Steers grown in 

Australia on pastures with 0, 25 or 100% covered with rows 

of Leucaena gained more weight as the amount of Leucaena was 

increased, 90, 127 and 205 kg/steer/yr (Quirk et al. , 1990). 

It was also stated that the amount of Leucaena offered 

appeared to be the most important element, resulting in the 

higher growth rate and increased production per ha, due to 

the animals having higher amounts of nutrient per ha as the 

amount of Leucaena on offer increased. Muinga et al. (1992) 

reported that dairy cows receiving ad libitum Pennisetum 

purpureum, (Napier grass) ,supplemented with 8 kg/d of fresh 

cut Leucaena shoots, lost less weight 200 g/d versus 560 g/d 

and produced 1 kg/d more milk than dairy cows receiving only 

Pennisetum. However, when fresh Leucaena is given as the 

sole ration to animals, supplemental P is required (Girdhar 

et al., 1991) and rumen inoculation with DHP degrading 

bacteria is needed (Quirk et al. , 1988) for optimal growth. 

i: 



Leucaena Incorporation into Non-Legume Silage 
or as the Total Silage 

Ensilage of legumes alone usually results in poor 

quality silage, because the low water soluble carbohydrat 

available coupled with the high amino acid and N expedien 

allows for clostridial spore fermentation (McDonald, 1981 

Sheep fed silage containing 33%(w/w, fresh basis) Leucaen 

and 67% (w/w) pangola grass gained more weight, 9 g/kg 

Ŵ *̂ '/d than sheep consuming 100% sorghum silage which lost 

-12 g/kg Ŵ "̂ ^ (Tjandraatmadja et al., 1993a). 

Tjandraatmadja et al. (1993b) reported that sheep fed 

silages containing Leucaena had higher amounts of microbi 

N entering the alDomasum and greater productivity of 

microbial protein synthesis than did sheep fed silages 

cont:aining either glircidia or cowpea. When Leucaena was 

the sole forage in silage. Alii et al. (1984) reported th 

incorporation of 22.5 and 45.0 kg/ton of molasses greatly 

enhanced t:he rate of fermentation, lowered the pH, volati 

N, NPN and free amino acids, and increased the amounts of 

acetic and lactic acid. Degradation of mimosine during t 

ensiling process is the result of endogenous enzymes and 

the fermentation of ensilage. However, this can be 

maximized in the ensiling process by finely chopping or 

grinding the leaves, or by holding the leaves for a brief 
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period prior to ensiling to allow for more destruction of 

mimosine to occur (Lyon, 1985). 

Alfalfa 

Alfalfa is the most important forage crop species in 

the USA and Canada, it is widely recognized for having the 

following properties: most widely adaptable crop, most 

effective source of biological nitrogen (N2) fixation, and 

most energy-efficient crop to grow (Barnes et al., 1988). 

In Texas alone, alfalfa hay accounted for more than 146,000 

production ha with a yield of 2870 kg/ha during 1989, with 

an estimated value of more than 53 million dollars (TASS, 

1991; 1993). Alfalfa is most commonly preserved in a dried 

form, either as hay or dehydrated pelleted meal. In 

addition to alfalfa's value as a dried forage, it is also 

fed as silage, haylage, and pasture. Alfalfa in its various 

forms is often the primary forage in dairy rations 

throughout the United States (Nelson and Satter, 1992). 

Alfalfa forage when ensiled is known to result in many 

detrimental changes unless it is properly handled and packed 

(Bolsen, 1994). Van Soest (1994) reported that while 

alfalfa silage can be of exceptional quality, the chances of 

it improperly fermenting are much higher than with corn. 



The improper fermentation pattern can lead to high DM 

losses, excessive nitrogen leeching and high protein 

degradation. These patterns are also common with many other 

legtome species other than alfalfa. 

Silage 

The term silage is the method in which a feedstuff of 

sufficient moisture content is allowed to undergo an 

ensiling processing in an anaerobic environment resulting in 

the exclusion of air and production of fermentation 

products, such as acetic, butyric, propionic and lactic acid 

(Bolsen, 1994; Woolford, 1984). Any apparatus in which 

green moist forage is preserved can be referred to as a 

silo, which can be upright, horizontal (above or below 

ground), stiacks or even bags. After the ensiling process is 

complete, tihe resulting feedstuff is thus well preserved and 

will remain so as long as oxygen is excluded from this 

system. During t:he ensiling process there are three phases 

that occur, the first is an aerobic phase in which sugars 

and oxygen combine to produce carbon dioxide, water and 

heat. The second phase is anaerobic and occurs once the 

system has consumed all the available oxygen, which produces 

volatile fatty acids. The final phase occurs when the 

15 



lactic acid producing bacteria cease production of lactic 

acid because of low pH, at this point the forage is 

relatively stable and well preserved and can be termed as 

silage (Bolsen, 1994). Characteristics of a well-fermented 

silage would be 35% DM, a pH of < 4.5, a predominance of 

lactic acid versus acetic acid, an ammonia N content of < 1% 

of DM and < 0.5% butyric acid in DM (Harrison et al. , 1994) . 

The production of silage has steadily increased since 

the early 1950's. Its use is mostly centered around the 

dairy and beef cattle industries, although a small 

percentage of it may be used for other ruminant species 

(Ball et al., 1993). As the dairy and beef cattle 

industries increase consumption of silage, the development 

of new forage systems for silage will increase (Bolsen, 

1994) . 
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CHAPTER III 

EXPERIMENT I: EFFECT OF FEEDING DRIED, 

GROUND LEUCAENA LEUCOCEPHALA IN 

THE DIETS OF LACTATING CATTLE 

Abstract 

Alfalfa is the main source of dried roughage used in 

the diets of lactating dairy cows in Texas. The present 

studies were designed to examine the effects of partially 

replacing the alfalfa in a lactating cow diet with dried, 

ground Leucaena, on milk production, composition and 

quality. The approach was to investigate the effects of 

replacing one-half of the alfalfa (4.54 kg) used in this 

diet with dried, ground Leucaena (2.27 kg) and to measure 

the effects on: milk yield, fat-corrected milk yield, milk 

fat, milk protein, tot:al solids and solids non-fat. Twentiy-

four multiparious cows, in approximately the same phase of 

lact:ation, were randomly divided into two groups and fed a 

ration containing 4.54 kg of long stem alfalfa hay (control) 

or 2.27 kg of Leucaena plus 2.27 kg of long stem alfalfa 

hay. Both rations contained equal amounts of corn silage, 

rolled high-moisture corn, soybean meal, whole cottonseed 

and trace mineral/vitamin premix. Cows were milked at 12 h 



intervals and milk yields were recorded at each milking. 

Samples were collected for milk quality on d 5, 10, 15, 20, 

25 and 30. Dietary treatments were fed for 15 d then diets 

were switched for another 15 d. Cows remained in the same 

lot throughout the entire 30 d experiment. No differences 

(P>.10) were found for milk yield (26.40 vs. 26.54 kg/d); 

fat-corrected milk yield (28.76 vs. 28.01 kg/d); milk fat 

(3.80 vs. 3.73%); milk protein (3.57 vs. 3.57%); total 

solids (12.53 vs. 12.65%); or solids non-fat (8.73 vs. 

8.91%) for control and Leucaena treatments, respectively. 

Mimosine, the rare amino acid found in Leucaena, was not 

detected in any milk samples in this experiment. These data 

support the hypotJiesis that Leucaena can be included into 

lactating cattle diets at low levels witihout any deleterious 

effects on milk production or milk quality. 

Introduction 

Dairy cattle require large amounts of high quality 

harvested roughages such as silage, haylage or hay 

throughout the entire year for maximum production (NRC, 

1989) . These roughages serve as the feed base for dairy 

cattle smd represent the most important consideration in 

formulating diets. 



It is unlikely that a single forage species will 

provide year round production (Matches and Burns, 1985). 

Therefore, livestock producers must utilize several forage 

species to achieve a consistent feed supply. Leucaena 

produces the bulk of its forage during the same time that 

warm season grasses are productive (Felkner et al., 1983; 

Dovel et al., 1993). Crude protein of Leucaena has been 

reported to be similar to alfalfa forage grown under similar 

conditions (NAS, 1977). 

Leucaena has great potential for increasing livestock 

production in Texas auid other similar areas of the world. 

Nonetheless, only limited information is available on its 

abilitiy to support dairy production and its feeding value 

for dairy cows (NAS, 1977; Flores et al. , 1979; Bray, 1986; 

Muninga et al., 1992; 1993; Richards et al., 1994). 

The objectives of tJiis study were to determine the 

value of Leucaena as a partial replacement for alfalfa hay 

for high producing dairy cows on milk production, milk 

composition, milk quality and general production factors 

related to feed handling and palatability. 



Materials and Methods 

This experiment was performed during the fall of 1994, 

from November 4 through December 3, at a commercial dairy 

near Plainview, TX. The experiment was a 15 d switchback 

design for a total of 30 d on test with two periods. 

Twenty-four multiparious Holstein dairy cows in 

approximately the same stage of lactation and production 

level were randomly divided into two groups: long-stem 

alfalfa hay (control); and dried, ground Leucaena 

(treatment). Each group was housed in two adjoining outdoor 

pens containing 12 hd/pen, a concrete feed bunk, and free 

choice water and mineral blocks. The diets used in this 

experiment are given in Table 3.1. Diets consisted of a 

control diet in use at the dairy prior to the initiation of 

this study which contained 4.54 kg of long-stem alfalfa hay, 

and a diet with 2.27 kg of long stem alfalfa hay and 2.27 kg 

of dried, ground Leucaena (particle size <0.5 cm) in 

replacement for alfalfa hay. The composition of the alfalfa 

hay and the ground Leucaena are given in Table 3.2. Table 

3.3. shows the nutrient composition of tihe control and 

ground Leucaena diets. Diets were prepared and fed once 

daily by weighing ingredients directly into a mixer wagon, 

T<; 



followed by mixing and delivery to fence-line concrete feed 

troughs. 

Cows were milked at 12 h intervals in a double-four 

herringbone milking parlor equipped with flow meters for 

determining individual milk weights/cow and collection of 

milk samples. At every milking, each group of cows were 

taken separately to the milking parlor and returned 

separately to their original lot. Individual cows were 

identified by an ear tag. Milk yields from each cow at the 

two 12 h milkings were totaled to obtain daily milk 

production. Milk composition and quality were determined 

from samples t:aken from the afternoon milking on d 5, 10 and 

15 of each collection period, .^proximately 500 ml of milk 

were collected into Whirl-pac® bags via a weigh column 

vacuum system immediately after t:he end of milking for each 

cow. This collection system allowed for a representative 

mixture of milk to be collected for each cow. 

Laboratory analysis for milk composition and quality 

were conducted in the Animal Science and Food Technology 

laboratories at Texas Tech University. All 500 ml milk 

samples were refrigerated at 2°C immediately after 

collection and prior to analysis for milk fat and milk 

protein. Storage time at 2°C did not exceed 5 days prior to 
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analysis for any sample. A portion of each unused 

refrigerated sample was then frozen at -20°C for subsequent 

analysis for total solids and mimosine content. Solids non

fat were calculated by subtraction of milk fat from total 

solids. 

The Babcock procedure (AOAC, 1990) was used to 

determine milk fat content and milk protein content was 

determined by Kjeldahl nitrogen analysis procedure (AOAC, 

1990). Total solids analysis were conducted by slowly 

thawing frozen milk samples at room temperature for 4 h then 

milk samples were placed in a refrigerator at 2°C overnight 

until completely thawed. The following day, tihawed samples 

were mixed with a magnetic mixer and a 5 ml siob-sample was 

weighed into milk analysis crucibles. The crucibles were 

then placed in a 100°C forced air oven for 4 h and weighed 

back to determine total solids (AOAC, 1990). Solids non-fat 

were determined by subtraction (AOAC, 1990). 

Mimosine analysis was conducted by procedures described 

by Lalitha et al. (1992), Richter (1995) and Rowland (1938). 

Fifteen ml of milk were added to 35 ml of 15% trichloro

acetic acid in a 100 ml glass iDeaker, the solution was 

slowly swirled by hand until a precipitate was formed. The 

solution was then poured through Whatman® 40 filter paper 



and allowed to sit at room temperature until filtration was 

complete, then the solution was filtered again. Following 

filtration, 2 ml of filtrate were added to an 8 ml glass 

test tube, 1 ml of 6% FeCl solution were added to the 

filtrate in each tube along with 1 ml of distilled water at 

70°C to stabilize tihe color reaction. All test tubes were 

then allowed to cool to room temperature before being 

analyzed by spectrophotometer at 560 nm. Absorbency 

readings were recorded and compared to a standard curve 

created by analyzing a standard solution at 500 ng, 10 ug, 

20 ug, 40 ug, 80 ug, 160 ug, 320 ug and 1 mg mimosine/ml. 

Milk yield, milk fat, milk protein, total solids and 

solids non-fat were analyzed by analysis of variance between 

treatment and control diets by General Linearized Model 

(GLM) of tihe Staliistical Analysis System (SAS, 1985) , using 

each pen as tJieir own control by combining data from each 

period and analyzing overall means. Overall least squares 

means for botih periods were separated by paired t-tests. 

One cow was removed from experiment for veterinary care 

resulting from foot problems unrelated to the dietary 

treatment on day 2 of period 2. After returning to the 

experiment mastitis developed and she was removed from the 

study for all of period 2. 
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Results 

No depressions (P > .10) in milk yield, fat-corrected 

milk yield, and percentage milk fat, milk protein, total 

solids and solids non-fat were found. These data are 

presented in Table 3.3 and Figures 3.2, 3.3, 3.4, 3.5, 3.6 

and 3.7. Figure 3.1 illustrates the persistency of milk 

production as seen throughout the entire trial. Persistency 

of milk production is a method used to evaluate ability of 

the animals to maintain a constant production level while on 

the two feeding regimens. 

Results of mimosine analysis showed that no detectable 

level of mimosine could be found in any milk samples from 

any cows on the Leucaena diet. The detection level of 

mimosine for this experiment was 1x10"̂  parts mimosine/ml. 

While the data do not say that no mimosine was present in 

the milk, it clearly shows that mimosine if present is well 

below t:he maximum safe levels for both animals and humans 

(NAS, 1977). 

The fact that the persistency of milk production shows 

that the cows receiving the Leucaena diet were on an 

increasing production plane, while the cows on the control 

diet were on a decreasing plane of production. This may 

lead one to assume that the cows on the Leucaena diet could 
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possibly show a treatment response had they been similar to 

the control group in production at the start of this study. 

This suggests that these two groups of animals were probably 

not in the same production phase of their lactation. 

Discussion 

These results clearly show that Leucaena effectively 

replaced long-stem alfalfa hay in this experiment without 

negatively affecting milk production or milk quality. 

However, t:hese data do not agree with earlier work (Muninga 

et al., 1993, 1994) which showed that Leucaena addition to 

the diets of lactating cattle increased milk production. 

The reason an increased response for milk production was not 

seen in this experiment is most likely due to the 

differences in nutritional level for the diets which the 

animals offered prior to Leucaena incorporation (Table 3.3; 

Muninga et al., 1993, 1994) The level of feeding in this 

experiment also showed that milk from the Leucaena fed cows 

presents no negative effects on animal health or humans, 

since mimosine was not detected in any feed or milk samples 

throughout the entire trial. The data presented in this 

experiment show that feeding Leucaena does not cause milk 

fat depression even at the small particle size that was 
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used. Dried, ground Leucaena was also shown to a palatable 

feed source for dairy cows, during the entire feeding trial 

no consumption irregularities or intake decreases were seen 

when animals were switched to diets containing Leucaena 

which is in agreement with earlier work (Jones, 1977; Doyle, 

1989; Mero and Uden, 1990). 

Leucaena's abilitry to replace alfalfa is of inportance 

in limiting the dairy industry's dependence on alfalfa (Ball 

et al., 1993). Although it is not likely that Leucaena will 

ever replace alfalfa in dairy rations, the possibility of 

Leucaena being used to supplement alfalfa supply is 

promising considering the high feed costs associated with 

modern dairy production. By proving that Leucaena is an 

acceptable roughage source for dairy cattle, more choices 

become available for producers in providing the proper 

nutrition (NRC, 1989) of lactating cows, and dairy cattle in 

particular. 

In order to confirm these results further studies are 

recommended in a situation where urine and blood sair̂ l̂es can 

also be collected to determine if mimosine or 3,4 DHP is 

present in urinary excretions or plasma. This would allow 

for more definite conclusions to be made as to the lack of 

toxicity symptoms (Lowery et al. , 1985; Quirk et al. , 1988; 

^̂1 



Hammond et al., 1989). In addition, future trials at higher 

levels of inclusion are encouraged to determine the maximiom 

safe limit for animal health and milk production and quality 

for Leucaena incorporation into lactating dairy cattle 

diets. 
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Table 3.1. Composition of Diets As Fed to Dairy Cows on 
the Control and Leucaena Treatments During the 21 Day 
Lactation Study. 

INGREDIENT 

Alfalfa hay 
Leucaena, ground 
High Moisture Corn 
Whole Cottonseed 
Soybean Meal,44% 
Corn Silage 
Mineral Premix 

Total 

kg/d 
4.54 

— 

6.80 
2.27 
2.27 
19.96 
0.45 

36.29 

DIETARY 
Control 

% 

12.50 
— 

18.75 
6.25 
6.25 

55.00 
1.25 

100.00 

TREATMENT 
Leucaena 

kg/d 
2.27 
2.27 
6.80 
2.27 
2.27 
19.96 
0.45 

36.29 

% 

6.25 
6.25 
18.75 
6.25 
6.25 

55.00 
1.25 

100.00 



Table 3.2. Nutrient Composition of the Control and 
Leucaena Treatment Diets Offered to Lactating Dairy 
Cows During the 21 Day Study. 

ItPJR C o n t r o l i^) T.<^nr»a^na (^) 

DM 6 5 . 6 6 5 . 8 
CP 1 3 . 3 1 3 . 0 
Ca 0 . 6 0 . 6 

-P Q-..3 Q^ 



Table 3.3. Analysis of Ingredients Used in Diets of the 
Control and Leucaena Treatments Offered to Lactating 
Dairy Cows During the 21 Day Study.^ 

I^EH: Alfalfa Hay (%) Leucaena (%) 

DM 87.7 90.7 
CP 17.6 12.6 
Ca 1.2 1.1 
P 0.2 0.2 
ADF 33.0 35.8 
NDF 40.1 44.2 

^Basal diet remained same for both treatments. 



Table 3.4. The Effect of Leucaena Inclusion into Diets of 
Lactating Dairy Cows^ 

Item Treatment P value^ 

Overall 

Period II 
Overall 

Solids Non-Fat, % 
Period I 
Period II 
Overall 

M i m o g i n f * r o n f - R n t J 

Control 
24 
30 

28.49 
24.27 
26.40 

Leucaena 
24 
30 

27.35 
25.67 
26.54 

Number of Cows 
Duration, d 

Milk Production, kg/d 
Period I (1-15 d) 
Period II (15-30 d) 
Overall 26.40 26.54 .83 

Fat Corrected Milk 
Yield, kg/d 
Period I 29.78 28.15 
Period II 27.74 27.88 
Overall 28.76 28.01 .97 

Milk Fat, % 
Period I 3.75 3.68 
Period II 3.82 3.79 
Overall 3.79 3.74 .49 

Milk Protein, % 
Period I 3.57 3.58 
Period II 3.57 3.56 

3.57 3.57 .60 

Total Solids, % 
Period I 12.58 12.82 

12.47 12.48 
12.53 12.65 .32 

8.80 9.14 
8.65 8.68 
8.73 8.91 .45 

^imosinft ronreni: ^^—-— J^ • ̂ u o 07 v^ ̂ F 
^Leucaena diet replaced 2.27 kg of alfalfa with 2.27 kg of 
dried, ground Leucaena 
^Least squares means procedure 
"̂ Not detected 



27.5 
Y= 017 (X) +26.37 
Y=-.008(X) +26.50 

27.1 

25.9 
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1 15 

Day 
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30 

Figure 3.1. Persistency of milk production for cows during 
the 30 d feeding trial. 



4̂  

D Control 
Leucaena 

Period I Period n Overall 

F i g u r e 3 . 2 . M i l k Y i e l d f o r C o n t r o l a n d D r i e d , Ground 
L e u c a e n a Fed Cows (n=24) D u r i n g a 30 Day 
L a c t a t i o n T r i a l * 

^Means f o r p e r i o d I 2 8 . 4 9 c o n t r o l v s . 2 7 . 3 5 L e u c a e n a ; p e r i o d 
I I 2 4 . 2 7 c o n t r o l v s . 2 5 . 6 7 L e u c a e n a ; o v e r a l l 2 6 . 4 0 c o n t r o l 
v s . 2 6 . 5 4 L e u c a e n a . O v e r a l l means do n o t d i f f e r ( P > . 0 5 ) . 



30 D Control 
G] Leucaena 

Period I Period n Overall 

F i g u r e 3 . 3 . F a t - C o r r e c t e d Mi lk Y i e l d f o r D r i e d , Ground 
L e u c a e n a Fed Cows (n=24) D u r i n g a 30 Day 
L a c t a t i o n T r i a l * 

*Means f o r p e r i o d I 2 9 . 7 8 c o n t r o l v s . 2 8 . 1 5 L e u c a e n a ; p e r i o d 
I I 2 7 . 7 4 c o n t r o l v s . 2 7 . 8 8 L e u c a e n a ; o v e r a l l 2 8 . 7 6 c o n t r o l 
v s . 2 8 . 0 1 L e u c a e n a . O v e r a l l means do n o t d i f f e r ( P > . 0 5 ) . 
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Period I Period n Overall 

Figure 3.4. Milk Fat Percentage for Control and Dried, 
Ground Leucaena Fed Cows (n=24) During a 30 
Day Lactation Trial* 

*Means for period I 3.75 control vs. 3.68 Leucaena; period 
II 3.82 control vs. 3.79 Leucaena; overall 3,79 control vs 
3.74 Leucaena. Overall means do not differ (P>.05). 
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Figure 3.5. Milk Protein Percentage for Control and Dried, 
Ground Leucaena Fed Cows (n=24) During a 30 
Day Lactation Trial* 

*Means for period I 3.57 control vs. 3.58 Leucaena; period 
II 3.57 control vs. 3.56 Leucaena; overall 3.57 control vs. 
3.57 Leucaena. Overall means do not differ (P>.05). 
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cn 
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Period I 

n Control 
Q Leucaena 

Period n Overall 

F i g u r e 3 . 6 . T o t a l S o l i d s P e r c e n t a g e f o r C o n t r o l and D r i e d , 
Ground Leucaena Fed Cows (n=24) D u r i n g a 30 
Day L a c t a t i o n T r i a l * 

*Means f o r p e r i o d I 1 2 . 5 8 c o n t r o l v s . 1 2 . 8 2 L e u c a e n a ; p e r i o d 
I I 1 2 . 4 7 c o n t r o l v s . 1 2 . 4 8 L e u c a e n a ; o v e r a l l 1 2 . 5 3 c o n t r o l 
v s . 1 2 . 6 5 L e u c a e n a . O v e r a l l means do n o t d i f f e r ( P > . 0 5 ) . 
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Figure 3.7. Total Solids Non-Fat Percentage for Control and 
Dried, Ground Leucaena Fed Cows (n=24) During 
a 30 Day Lactation Trial* 

^eans for period I 8.80 control vs. 9.14 Leucaena; period 
II 8.65 control vs. 8.68 Leucaena; overall 8.73 control vs. 
8.91 Leucaena. Overall means do not differ (P>.05). 
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CHAPTER IV 

EXPERIMENT I I : EFFECTS OF ENSILING 

LEUCAENA LEUCOCEPHALA WITH ADDED CORN OR MOLASSES 

ON SILAGE QUALITY AND IN VITRO DIGESTIBILITY 

Abstract 

Silage prepared from legumes is known to be of reduced 

quality unless additional readily available carbohydrate 

sources are added at the time of inclusion. The present 

studies examined the effects of including energy in the form 

of molasses, corn or both, to freshly chopped non-wilted 

Leucaena at the time of ensiling. Four treatments were 

used, 5% molasses, 5% corn, 10% molasses or 5% molasses plus 

5% corn. The approach to this study was to collect samples 

from each treatment and compare them to each other to 

determine the best carbohydrate source and rate for the 

ensiling of Leucaena. Eight, 208 1 steel barrels were used 

to ensile the chopped Leucaena. Samples were taken every 5 

d during the 21 d study for laboratory analysis of volatile 

fatty acids, lactic acid, pH, DM, ammonia-nitrogen, mimosine 

and in vitro DMD and OMD. No differences (P>.05) were found 

for temperature, DM or ammonia-nitrogen. Among the other 

variables tested, the 10% molasses and 5% molasses plus corn 
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treatments had the highest (P<.05) acetic and lactic acid 

amounts and lowest pH, followed by the 5% molasses, with the 

5% corn treatment generally being lowest in all analyses 

conducted, except for pH and DM. Mimosine amount was not 

affected by treatment, nor ensiling process. The in vitro 

digestibility data are inconclusive; however, the 10% 

molasses and 5% molasses and corn treatments tended to have 

higher overall DMD and OMD. These data support the 

hypothesis that 10% readily available energy is required to 

properly ensile fresh chopped, whole plant Leucaena. 

Introduction 

j.ne aem^na nor nign quaxicy siiage in Dot.n cne aairy 

and beef cattle industries has led to many research studi* 

The demand for high quality silage in both the dairy 

.es 

in search of ways to increase the value of silage (Castle 

and Watson, 1970; Clark and Davis, 1983; Fairbairn et al., 

1988; Garcia et al. , 1989; Nelson and Satter, 1992; Petit 

and Tremblay, 1995) . Inoculates have received much 

attention due to the fact that they are easily applied, and 

increase the value of the silage (Woolford, 1975; Waldo, 

1977; Parker and Crawshaw, 1982; O'Kiely et al. , 1989; 

Mayne, 1990) . Recently, however, new forage crops such as 
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Leucaena have been researched for their value as ensilage 

(Alii et al., 1984; Tjandraatmadja et al., 1993a; 1993b). 

The production of high quality silage requires that the 

plant be chopped to a sufficient size and be packed tightly 

to produce an environment that is devoid of oxygen 

(Woolford, 1984; Ball et al., 1993; Bolsen, 1994). In 

addition to an anaerobic system, this process also requires 

that there be an appreciable amount of readily available 

carbohydrates present to allow for proper microbial 

fermentation (Woolford, 1984; Van Soest, 1992; Bolsen, 

1994). It has also been well-documented that legume silage 

is generally deficient in energy sources to allow for proper 

microbial fermentation to occur. In addition to the low 

levels of rapidly fermentable energy present in these types 

of plants, their high buffering capacity, high dry matter 

and excessive nitrogen losses have made the production of 

high quality legume silage difficult. 

The objectives of this research were to establish a 

plot of Leucaena trees and determine if the plant is capable 

of growing in the climate zone that is common to the 

southern plains and record growth measurements at varying 

spacings. Besides measuring the growth and adaptability of 

the plant the second objective was to harvest the crop to 
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produce silage to determine the effects of ensiling and the 

quality of the ensilage produced. 

Materials and Methods 

Experiments were conducted during the summer of 1994 at 

the Texas Tech Agronomy Dept. research farm on 4"" St. and 

during the summer and fall of 1995 at the Texas Tech 

research farm at New Deal, TX. Each year 10,000 Leucaena 

sprigs were sent from Three Rivers, TX and planted at the 

respective farms. All sprigs were planted at three 

different spacings each year. The spacings were 30.5 cm X 

30.5 cm, 30.5 cm X 60.1 cm and 60.1 cm X 60.1 cm. During 

the second year only, sprigs were also planted at 91.4 cm X 

91.4 cm. Plants were watered as needed by means of a center 

pivot irrigation system. Growth measurements were recorded 

by selecting 10 plants from each treatment growing in the 

same row at the common border between treatments and 

measuring their height using a tape measure. 

The production of silage was made using eight 190 1 

steel drums equipped with three sampling ports on the side 

and one port on the top. These drums were transported to 

Three Rivers, TX to be filled with approximately 160 kg of 

chopped, whole plant Leucaena. Each barrel was lined with 
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three polyethylene bags and filled by hand with the chopped 

forage. The chopped material was obtained by using a flail 

chopper (International Tractor Co.®). Dry matter for the 

fresh chopped forage was determined using a drying oven 

located on the farm (Nasco Co.®) . Two barrels were allotted 

to each of the four treatments: 5% molasses; 5% cracked 

corn; 10% molasses; and 5% molasses plus 5% cracked corn to 

aid in the ensiling process. The energy sources were added 

to each barrel in equal amounts at the following depths: 

25, 50 and 75 cm from the bottom of the barrel. The barrels 

were packed by foot. Prior to sealing 20 1 of water was 

added to bring the total DM of each barrel to 65%. 

After the barrels were returned to the Texas Tech farm 

at New Deal, TX, temperatures were recorded and samples were 

obtained daily for the first week, every other day for the 

second week and every three days during the final week of 

the 21 d study. Temperatures were recorded using a 

thermometer equipped with a 60 cm probe (Taylor®) , which was 

inserted through the top of the barrel to a depth of 60 cm. 

Forage samples were obtained using a forage probe and an 

electric drill motor (Nasco ®; Black and Decker ®) via side 

entry bungs and immediately frozen at -20°C. 
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Analyses were conducted on the samples obtained for DM, 

pH, volatile fatty acids, ammonia nitrogen, dry matter 

digestibility, organic matter digestibility and mimosine. 

Dry matter was determined by placing the sample in a 55 "'C 

forced air oven for 48 hr without correction for volatile 

losses (Holthaus, 1994). The determination of pH was made 

by placing 20 g of sample in 100 ml of distilled water for 2 

hr and straining through cheesecloth, the filtrate was then 

read by a hand probe (Beckman O 42 pH Meter®) . 

Analysis for volatile fatty acids and ammonia nitrogen 

were conducted by placing 25 g of sample in 200 ml .2 N 

H2SO4 in a refrigerator for 48 h and then straining through 

cheese cloth (Holthaus, 1994). The samples were then 

refrigerated until analysis was conducted. The volatile 

fatty acids, acetic, propionic, iso-butyric and n-butyric 

were analyzed by gas chromatography (Model 5790, Hewlett-

Packard Co., Avondale, PA) using a 5 ul sample injected into 

a 15% H3PP4 SP-1220 80/100 AW Chromosorb packed, 2 m X 4 mm 

column. The column was maintained at 125°C for 0.5 min then 

increased 20°C/min for 1.75 and maintained at 160°C for 3 

min. The injection port and detector were maintained at 

200°C and the flow rate of Helium was 70 ml/min. Lactic 

acid was analyzed by use of a specific kit for L. lactate 
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(Sigma Co. ®, Catalogue No. 826). Aimnonia nitrogen was 

determined using the procedure described by Searcy et al. 

(1961) and Searle (1984). Dry matter digestibility was 

recorded by drying 100 g of sample for 48 h in a 55<>C oven 

and then grinding the dried samples in a Wiley Mill to pass 

a 1 mm screen using the Morre modification of the Tilley and 

Terry procedure as described by Summers and Sherrod (1974) . 

Mimosine analysis was conducted according to Lalitha et al. 

(1992). 

Dry matter, pH, volatile fatty acids, ammonia nitrogen, 

dry matter digestibility, organic matter digestibility and 

mimosine between treatments and day of sampling by analyses 

of variance using the GLM procedure of SAS (1985) , and 

overall least squares means for treatments were separated by 

two-tailed t-test. Each barrel was used as an experimental 

unit. 

Results 

The growth study that was carried out over a two yr 

period was inconclusive as to the ability of Leucaena to 

survive and grow in the Southern High Plains of TX. The 

first planting in 1994 failed and the second planting did 

not grow at the rate expected. There were no statistical 



differences (P>.05) seen for any treatments. Numerical 

differences were greatest for the 30.5 cm X 30.5 cm plot as 

compared to the 91.4 cm X 91.4 cm, being 40.6 cm and 25.4 cm 

on d 30 of the study. On d 45 the plots were mowed with a 

tractor because of excessive weed encroachment and on d 120 

plants had reached heights of 125.7 cm, 133.4 cm, 106.7 cm 

and 93.9 cm for the 30.5 cm X 30.5 cm, 30.5 cm X 61.0 cm, 

61.0 cm X 61.0 cm and 91.4 cm X 91.4 cm plots respectively. 

The silage sample taken on day 0 was not immediately 

frozen due to transport, which lead to a lower pH and 

mimosine level and higher lactate level than previously 

reported by Alii et al. (1984) and Lyon (1985). Temperature 

data were similar for all treatments and appeared to be a 

function of ambient temperature, with treatment temperature 

declining as average daily temperature decreased (Fig. 4.1). 

Results for the composition of the silages are given in 

Table 4.1 and 4.2. The treatment containing 5% corn had the 

highest (P<.05) pH, 4.92, of all treatments at d 21. The 

treatment containing 5% molasses and corn was the lowest, 

4.47 at d 21, followed by the 10% molasses treatment at 

4.56, with the 5% molasses, 4.71 being intermediate to the 

10% molasses treatment and the 5% corn treatment. All 

treatments declined in pH during the 21 d study from a 



beginning pH of 5.62 on d 0 to their reported pH on d 21. 

Both the 5% molasses and 5% corn treatments plateaued at d 

15 and only had a slight decrease in pH by d 21 while the 

remaining treatments continued declining rapidly as seen in 

Figure 4.2. 

Analyses of the silages for acetic, propionic and 

lactic acid are shown in Table 4.1. On d 5 only trace 

amounts of acetic acid (.01% DM) were detected in all 

samples suid only the 5% molasses and 5% molasses plus 5% 

corn, contained propionic acid. By d 10 the 10% molasses 

and 5% molasses plus 5% corn silage contained 0.32% and 

0.29% DM of acetic acid, respectively, which were higher 

(P<.05) than both the 5% molasses and 5% corn at 0.19% and 

0.18% DM (Figure 4.3). On d 10, all silages contained 

similar levels of lactic acid (0.66% DM), except for the 5% 

corn silage which had only 0.43%. At d 15 the 5% molasses, 

5% corn and 5% molasses plus 5% corn all had higher amounts 

(P<.05) of lactic acid than did the 10% molasses treatment 

(Figure 4.4). The silage containing 5% molasses plus 5% corn 

had the highest (P<.05) acetic (.59% DM) and lactic acid 

(1.63% DM) values at d 21, while the 10% molasses silage had 

the highest propionic acid (.20% DM) level. All silages 

contained similar amounts of n-butyric acid (.32% DM) at d 
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21 indicating that some spoilage did occur during the 

sampling period. 

Aimnonia-nitrogen levels were very similar across all 

treatments and d of sampling. All treatments contained the 

lowest amount (P<.05) of NH3-N on d 5 and the highest amount 

on d 15. The 5% molasses and the 10% molasses treatments 

were similar in NH3-N, 0.05% on d 5 and intermediate to the 

5% molasses plus 5% corn treatment at 0.04% DM and the 5% 

corn treatment at 0.06% DM. On d 15 all treatments were 

similar (P<.05) , 0.08% DM, except for the 5% molasses 

treatment, 0.07% DM. On d 21 the 5% corn treatment 

contained the highest (P<.05) amount of NH3-N, 0.07% DM 

compared to all remaining treatments at 0.06% DM. 

Analyses were conducted for dry matter and organic 

matter digestibility at 12, 24, 48 and 96 h on samples 

collected on d 5, 10 and 21 and is reported in Tables 4.3 

and 4.4 and Figure 4.5. Both DMD and OMD increased across 

treatments as h of incubation increased. The 10% molasses 

and 5% molasses plus 5%corn treatments showed the highest 

(P<.05) DMD and OMD for the d 10 sample as compared to the d 

5 and 21 sample. The 5% molasses and 5% corn treatments had 

higher DMD and OMD for the d 5 sample as compared to the d 

10 and 21 sample. 



Mimosine analysis was performed on only the d 0, 10 and 

21 sample because previous reports have indicated that 

mimosine is not degraded during the ensiling process (Lyon, 

1985). No differences (P>.05) were seen across treatments 

for mimosine levels. The d 0 sample contained 0.51% 

mimosine, the d 10 average across treatments was 0.61% and 

the d 21 average was 0.48%, all are expressed on DM basis. 

Discussion 

There is considerable evidence that the ensilage of 

legumes requires additional sources of readily available 

carbohydrates to produce silage of sufficient quality 

(Bolsen, 1994) . In the present study, the Leucaena ensiled 

with the addition of 10% molasses or 5% molasses plus 5% 

corn produced significant increases in the quality and 

digestibility of the silage. The results of the present are 

further support that Leucaena silage is a possible 

alternative to alfalfa silage (NAS, 1977; Flores et al. , 

1979). These results also indicate that silage made from 

Leucaena with the addition of 10% molasses or 5% molasses 

and corn is of sufficient quality when compared to alfalfa 

silage to be used in most agricultural situations (NRC, 

1984, 1989) . Silage produced from Leucaena with only the 
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addition of 5% molasses or 5% corn appears to be limited in 

the amount of fermentation that can take place because of 

the lack of available energy source. Evidence for this 

conclusion is based on the data collected from VFA analysis 

and pH measurements. The treatments tested at this level 

contained both lower total acid amounts and higher pH 

readings, leading to the conclusion that incomplete 

fermentation took place. Van Soest (1994) stated that 

silages with high pH can be of good quality provided they 

are also high in DM. This is due to the fact that pH and DM 

are inversely related and the factor limiting pH reduction 

is lack of available moisture. This however, was not the 

case in the previous study because no differences were found 

for DM across all treatments. It does not appear that 

moisture was the limiting factor for the reduction of pH, 

but rather the amount for rapidly fermentable substrate. 

Both DMD and OMD appear to be promising for the ensilage of 

Leucaena. Several treatments from the study were not 

different in DMD or OMD from the sample collected prior to 

ensiling, indicating that DM losses of rumen degradable 

plant tissue were minimal. In addition, certain treatments 

even exceeded the initial sample in DMD, whether this value 



s real is yet to be determined, since no feeding trial has 

to date been conducted. 



Table 4.1. Composition of Silage in Experiment II 

Trt* 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

1 
2 
3 
4 

Day 

5 
5 
5 
5 

10 
10 
10 
10 

15 
15 
15 
15 

21 
21 
21 
21 

DM 

% 

41. 
44. 
41. 
42. 

39. 
40. 
38, 
39. 

37 
38 
38 
36 

37 
37 
36 
37 

3 
4 
8 
1 

4 
3 
,9 
.9 

.7 

.1 

.4 

.2 

.8 

.3 

.9 

.0 

pH 

5. 
5. 
4. 
4. 

4. 
5. 
4. 
4, 

4 
4 
4 
4 

4 
4 
4 
4 

y^ 

11^ 
97* 
92* 

79*^ 
,06° 
.92° 
.70* 

.72^ 

.97° 

.84̂ ° 

.56* 

.72'' 

.92** 

.56* 

.47* 

Acetic 
Acid 

Tr^ 
TR 
TR 
TR 

.19* 

.18* 

.32'' 

.28'' 

.17* 

.24* 

.25* 

.53" 

.26* 

.21* 

.30* 

.59̂ * 

Pro. 
Acid 

ND^ 
TR 
ND 
TR 

.01 

.01 

.02 

.02 

.07" 

.03* 

.02* 

.07" 

.02 

.01 

.02 

.01 

Lactic 
Acid 

% DM 

.28 

.21 

.39 

.37 

.61" 

.43* 

.62" 

.69" 

.62 

.60 

.50 

.55 

.59* 

.49* 
1.39" 
1.63" 

Ammonia 
Nitroaen 

.05 

.05 

.05 

.04 

.07 

.07 

.06 

.07 

.07 

.08 

.08 

.08 

.06 

.07 

.06 

.06 

. .TO. i-,«̂ ĉ= 9-ei% corn, 3=10% molasses, 4=5% *Treatments: 1=5% molasses, 2-b% corn, 

molasses and 5% corn. „.;4.u.in +-ĥ  same column 
"«^eans with different superscripts within the same co 
and day denote differences (P<.05). 
^Trace amount detected «100 ppm) . 
^Not detected (<10 ppm) . 
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Average Daily Temperature 
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Figure 4.1. The Average Daily Temperature for 5% Molasses, 
5% Corn, 10% Molasses and 5% Molasses Plus 5% 
Corn Treatments During a 21 Day Ensiling 
Period of Leucaena leucocephala*. 

*During the first week of the study mean ambient temperature 
was approximately 21°C, during the final two weeks of the 
study mean ambient temperature fell approximately 5°C/wk. 



n5% Mol 0 5% corn ^ 10% Mol 3 5% M+C 

Day 5 Day 10 Day 15 Day 21 

Figure 4.2 pH Measurements of 5% Molasses, 5% Corn, 10% 
Molasses and 5% Molasses Plus 5% Corn Treatments 
During a 21 Day Ensiling Period of Leucaena 
leucocephala*. 

*Least squares means within the same d with different 
superscripts differ (P<.05). 
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Figure 4.3. Acetic Acid Concentration in 5% Molasses, 5% 
Corn, 10% Molasses and 5% Molasses Plus 5% 
Corn'Treatments During a 21 Day^Ensiling 
Period of Leucaena leucocephala*. 

*Least squares means within the same d with different 
superscripts differ (P<.05). 
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Figure 4.4. Lactic Acid Concentrations in 5% Molasses, 
5% Corn, 10% Molasses and 5% Molasses Plus 5% 
Corn Treatments During a 21 Day^Ensiling 
Period of Leucaena leucocephala*. 

*Least squares means within the same d with different 
superscripts differ (P<.05). 
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Figure 4.5 Dry Matter Digestibility of 5% Molasses, 5% 
Corn, 10% Molasses and 5% Molasses Plus 5% 
Corn Treatments During a 21 Day^Ensiling 
Period of Leucaena leucocephala*. 

*Least squares means within the same d with different 
superscripts differ (P<.05). 
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CHAPTER V 

OVERALL CONCLUSIONS 

The aim of this research was to determine the value of 

Leucaena as a roughage for ruminant animals. The primary 

interest associated with this research were those of the 

dairy industry, because of the large amounts of roughage 

re<5uired annually by these types of operations to maintain 

milk production and milk equality. In experiment 1, ciried 

ground Leucaena effectively replaced long-stem alfalfa hay 

in a commercial dairy ration for lactating cows. No 

depressions in milk yield nor equality of milk were seen 

throughout the entire study. The amount of Leucaena offered 

was low, 2.27 kg/d, however, this amount constituted over 

10% of the roughage in the ration, thus, indicjating that 

Leucaena could possibly be included at higher levels than 

those tested, thus lowering the amount of alfalfa required 

by these types of operations. This conclusion is based on 

the similarity of composition for the two forages, the lack 

of toxic components contained in the roughage samples tested 

and the quality and composition of milk produced by the 

animals consuming the Leucaena diet during the trial. 



In experiment 2, silage production with a 10% readily 

available carbohydrate source resulted in higher acetic and 

lactic acid amounts and DMD and OMD, and lower pH values. 

Of the sources tested, the addition of 5% molasses plus 5% 

corn tended to produce higher equality silage than did the 

10% molasses. The sources with only 5% readily available 

energy sources were not able to be as fully ensiled at the 

end of the 21 d testing period, indicating that only 5% 

added available energy may be to low to completely ensile 

Leucaena in a 21 d period. From the data associated with 

the 5% readily available energy sources it was determined 

that in order to properly ensile and preserve Leucaena at 

least 10% additional energy should be offered. These 

results are promising still, considering the evidence that 

protein from Leucaena is only slowly degradable in the 

rtimen, which would possibly allow for lower amounts of rumen 

undegradeable protein sources needed in rations containing 

Leucaena silage. This is of significant value to scientists 

and producers alike, considering the amount of supplemental 

protein sources that are normally included in dairy cattle 

diets, and the costs associated with such feeding. 

These results provide further evidence that Leucaena 

leucocephala is a viable forage and roughage source for 



ruminant animals, specifically dairy and beef cattle. This 

research, however, does not rule out the possibility of 

toxicosis from Leucaena silage consumption nor dried, ground 

Leucaena when fed at a level higher than that which was 

tested. 




