
POTENTIAL OF WATER HYACINTH (EICCHORNIA CRASSIPES) IN

RUMINANT NUTRITION IN TANZANIA

BY

JOHANNES OKONG'O OSARYA

DISSERTATION SUBMITTED IN PARTIAL FULFILMENT FOR THE DEGREE

OF MASTER OF SCIENCE IN AGRICULTURE OF SOKOINE UNIVERSITY

OF AGRICULTURE

1999



ii
ABSTRACT
investigate the potentials of waterA study was conducted to

hyacinth (E. crassipes) in ruminant nutrition in Tanzania. In
experiment 1 Potential yield, in vitrochemical composition,
digestibility and degradability of water hyacinth were studied.

and 20%In experiment 2 water hyacinth was ensiled using 10%
ensiledSamples without molasses weremolasses as an additive.

in andcomposition, vi troChemical OMcontrols. DMas
digestibilities, pH changes, effective degradability, 48 hours
DM degradability fermentation products were studied. Experiment

hyacinth silage byacceptability ofexamined the water3
livestock.

Degradability of botanical parts of water hyacinth was carried
out using three fistulated steers. Four heifers ranging in weight
from 163-227 kg were used to test acceptability of water hyacinth
silage over 18 days period.

sampling was estimated at 298.61 kg DM/ha. Whole plant showed
lower DM digestibility as compared tosignificantly (p<0.001)

leaves and shoots. There was no significant (p>0.05) difference
Mean digestibility valuesobserved between leaves and shoots.

obtained for leaves, shoots and whole plant were 58.15%, 57.03%
and 42.32% respectively for the two stage Tn vitro digestibility.
For one stage Tn vitro whole plant showed significantly (p<0.001)
lower dry matter digestibilities at both hours of incubation. No
significant (p>0.05) difference was observed between leaves and

In experiment 1 the biomass yield of water hyacinth during
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leaves hadwhereexceptshoots hoursat and12, 12096,

significantly (pcO.OOl) Water hyacinthhigher digestibility.
leaves showed the highest DM degradability followed by shoots,

Potential degradability waswhile whole plant had the lowest.
shoots, and whole plant.68.09%, 60.82% and 52.91% for leaves,

whole plantin thedegradable fraction lowerRumen was
in leaves and(52.41±1.38)(44.2±3.11) and higher (58.71+6.29)

shoots respectively.

treated water hyacinth silages had
significantly (p<0.001) higher DM, WSC, IVDMD%, IVOMD% compared
to unmolassed silages. The CP content was significantly (pcO.OOl)

controls. No
significant (p>0.05) difference in IVDMD%, IVOMD% and CP content

observed by changing the level of molasses from 10% to 20%.was
In experiment 3 significantly (pcO.OOl) higher DMI g/min and DMI

% of live body weight was obtained for molassesexpressed as
treated silages compared to controls. Intake rate for the 20%
molasses terated silage was slightly higher (30.78 g/min) than

g/min).silage (28.05 hourmolassesthat of 10% 48 DM
degradability(%) was found to be significantly (pcO.OOl) higher
for molasses treated silages compared to controls.
It was concluded that potential yield of water hyacinth is low
when compared to other tropical forages. Addition of molasses at
higher levels improved the nutritive value of water hyacinth

Ruminantssilages. readily consumed molasses treated water
hyacinth silages compared to unmolassed silage. Nutritionally
water hyacinth can be compared to other high quality tropical

In experiment 2 molasses

lower for molasses treated silages compared to
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forages for livestock feeding.
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CHAPTER ONE

1.0 INTRODUCTION
Water Hyacinth (Eicchornia crassipes) is one of the most
prominent aquatic plants found throughout tropical and sub­
tropical areas. The plant occurs in nutrient rich aquatic

reservoirs and fresh waterenvironments such as lakes,
streams. Pollution from urban, industrial and agricultural
activities provide essential nutrients for the growth of
this aquatic macrophyte.
rivers Pangani and Sisi, lake Victoria and the Mtera hydro­
power water reservoir (Johanson, 1976).

hyacinthdetrimental effects ofDespite the water
infestation, the plant is treated as a resource with a wide
range of applications in China, India and Vietnam. The
applications include as a source of biogas, an animal feed

Shiralipour andand a biofertilizer (Bagnal et al,1974;
Smith,1984). In Vietnam water hyacinth flowers are used as
vegetable for humans (Nguyen, 1996) .

In many parts of the tropics the provision of year-round
major constraint to livestock production. The

declining average farm size as the rural population rise
results in a decreasing availability of natural grasses and
legumes for grazing. As a consequence availability of feed
resources become one of the main constraints in livestock

feed is a

In Tanzania the plant grows in
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production. inadequatethere is andIn many­ areas,

inconsistent supply of good quality pasture and fodder
crops. This problem is more marked during the dry season
which in most areas has been recorded to last for over 6
months per year (Mbwile and Madata,1984) . Consequently, the
amount of essential nutrients'found in pastures notcan

maintenanceboth and production requirements ofmeet
livestock. The amount of crude protein may decline below
the critical level (7%) required for maintenance. (Crowder
and Chheda,1982).

This situation can be more serious among the small-holder
dairy farmers, particularly those who practice zero grazing
systems in Ukara and Ukerewe islands. Under this farming
system most of the land is utilised for cultivation of food

setting aside small of land forareas
pastures and fodder production. As

deteriorates. These
small plots cannot produce sufficient and good quality

for feeding livestock during the drypastures season.
is usually experiencedshortage of feedSeasonal and

farmers do not practice conservation or supplementation. To
and to enable more productive andreduce this shortage,

sustainable feed utilisation the incorporation of water
hyacinth in the feeding systems is important.

falls and condition of the animals

and cash crops
a result production
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Water hyacinth present great opportunities for increased
feed supply to livestock in areas around lake Victoria. The
use of this plant could support sustainable production in
the medium strategies. thisand long term However,
alternative has not been considered seriously in livestock
feeding in these regions. The 'fast growth rate of water

it potential livestockhyacinth make fora resource
feeding. Gaffer (1981) explained that vigorous growth of

water hyacinth incan guarantee
giving a year round supply of green fodder.

Instead of considering the water hyacinth as an ecological

using it as
Practical information on on how farmers can utilize this
plant for livestock feeding in Tanzania is not enough. As

conductresult aa
potentiality of this plant in livestock feeding in areas
around lake Victoria.

a renewable resource with economic benefits.

there was

a year,

a need to

five harvests

menace, farmers should also look into the possibility of

study on the
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The main objective of this study was to investigate the
potential of water hyacinth in ruminant feeding around the
lake Victoria area of Tanzania.

The specific objectives were:

l.To study the chemical composition and biomass yield of
water hyacinth.

2.To study the degradability of water hyacinth by in vitro
and in sacco techniques.

3.To assess the chemical composition of silage made from
water hyacinth, and test the acceptability of this
silage by cattle.
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CHAPTER TWO

2.0 LITERATURE REVIEW
2.1 Availability and utilisation of non cultivated plants

mixture of Sesbania sesban and water hyacinth flowers serve
food for people in the flooding periods in Vietnamas

(Nguyen, 1996) . Boiled water hyacinth is used in South-East
Asia feed for pigs. The plants chopped andareas a
sometimes mixed with other vegetable wastes such as banana

until theboiled slowly few hoursand forstems a
ingredients turn into a paste. To this liquid, paste oil­

rice bran and sometimes maize and saltcake,
1984) . The cooked mixture is good for only three(Gohl,

days, after which it will turn sour. The CP content in the
1984) . Pigs prefer the young(Gohl,plant is about 12%

leaves and refuse the stems. Comparing the CP in the stems
and leaves the range was 7 to 19%, respectively (Nguyen,
1996) . Water hyacinth flowers are used as a pig feed in
many places in the Mekong delta in Vietnam (Nguyen, 1996).

Studies on Eichhornia crassipes by Bagnal et al., (1974),
it could also be used toshowed that remove pollution,

purify water, recover silver from waste material, provide
cellulose, medicine, methane production,
and as food for both animal and humans.

as a fertilizer

are added

Water hyacinth is provided as vegetable for humans and
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Table 2.1. The protein content of some aquatic water plants

Crude protein as % of DMName of plant

Azolla pinnata dried19.1 Sun

Eicchornia crassipes

Leaf blade 31.4 II

Petiole 14.5 II

II14.8Root

driedLemna trisulaca 20.3 Sun

Pistia stratiotes 13.3 II

Salvinia natans

Leaf ii10.7

8.8 iiRoot

driedChlorella vulgaris 32.5 Oven

Lyngba sp. 11.1 II

Rhizoclonium sp. 28.3 II

Spirogyra sp. 10.2 II

Source: Majid and Akhter,1979.
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common physicalAccording to Ravindran and Blair (1992)
characteristics of all aquatic plants is high water and ash
contents. Fresh water hyacinth contains prickly crystals
(probably oxalic acid) which makes it unpalatable (Nguyen,
1996) . After harvesting, water hyacinth contains 6% to 10%

nutrientofdry matter. components waterIn respect
othercomparedhyacinth favourably be to anycan

conventional forage and its nutritive value can be improved
by mixing straw and some concentrate (Reza and Khan, 1981) .

Nutritive value of water hyacinth and its utilisation2.2
as livestock feed

Most aquatic plants including water hyacinth and Hydrilla

spp, have nutritive value similar to that of high quality
forages. Some major minerals (eg sodium, iron, potassium
and calcium) ranges are 3 to 100 times higher in aquatic
forages than terrestrial forages (Easley and Shirley.,
1974) . Generally aquatic species are characterized by low
dry matter content (3-15%) compared to terrestrial plants
with 8-31% (Nguyen,1996).

Reza and Khan (1981) reported that water hyacinth contained
high protein, especially in the leaves with low fibre, and
good amount of ether extract and calcium and phosphorus.
The percentage of the DM in the leaves was higher than in
other parts of the plant. They also explained that CP
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content of the plant varied greatly from type to type and
parts to parts. In each type, leaves contained the highest
and stem contained the lowest amount of CP. Boyd (1968)
cited by Reza and Khan also observed a high percentage of
protein content in water hyacinth. Linn et al, (1975) cited
by Reza and Khan (1981)
differ in the plant. In all the types, whole plant and
stems contained more fibre than other parts. Sodium content
of all types of water hyacinth is fairly high, which may

nutrients especiallyassimilation otherhamper the of
the dietary(1970) explained thatBanerjeemagnesium.

urine, and that its high concentration has less possibility
to make any trouble in animals

2.2.1 Utilisation of water hyacinth as livestock feed
Water hyacinth is successfully utilized by ruminants as
silage (Hentges et al.,1972; Baldwin et al.,1975), or sun
dried and included in meals (Reddy and Reddy, 1979), or sun
dried chopped (El-Serafy et al., 1979). The plant has been

in rations swinefeed (Pathakanimal forused etas
al.,1979), laying hens (Handy et al.,1978), sheep (Baldwin
et al.,1975, El-Serafy et al,1979). It has also been used

feed for buffaloes (El-Serafy et al.,1981) and cattleas
(Reddy and Reddy 1979, Reddy and Mohan Reo 1979, Reza and
Khan 1981). Surat and Singh,(1985),

excess of potassium is normally rapidly excreted through

found, that crude fibre content

in their study of
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utilisation of diets containing untreated rice straw, urea­
ammonia treated rice straw and water hyacinth found that
inclusion of water hyacinth in urea-ammonia treated rice
straw rations may increase the content of readily available
carbohydrate and protein. Therefore the cattle fed on these
ensilages could at least maintain body weight. Surat and
Singh (1980) also reported that fresh water hyacinth could
meet nutrients requirements in rams.

Wanapat et al,

that the digestibilities of DM and ADF were only improved
at the higher level of inclusion of water hyacinth. They
also explained that inclusion of water hyacinth in these
rations may act as a catalytic supplement to stimulate feed

productivity. El-Serafy al, (1981)intake and etor
explained that water hyacinth silage, could meet at least

and digestiblerequirement ofmaintenancethe energy
(1981)protein for growing buffalo steers. Reza and Khan,

that better utilisation of water hyacinthrevealed was
found when it was incorporated with straw at a 1:1 ratio.

rice straw markedly improved the nutritive value of the
rations Wanapat et al, In a situation where basal1988.
roughage is relatively limited, hyacinthwater can

The incorporation of water hyacinth into diets based on

(1985) reported that inclusion of water
hyacinth in the ensilages enhanced CP digestibility, and
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substitute for the roughage with satisfactory results. This

was demonstrated by El-Serafy et al, (1979) where berseem

hay was replaced by water hyacinth hay up to 70% and by
Juul-Nielsen et al (1982) where rice straw was replaced by
water hyacinth up to 40%.

2.3 Acceptability of water hyacinth by livestock
Some research has been done on the intake of water hyacinth
by livestock, especially ruminants (Table 2.2) . In Thailand
Wanapat et al, (1985) recorded a DMI of 3.03-3.49 kg/d with
native cattle and 4.21-5.05 kg/d with water buffaloes for

(1981), feeding diets containingReza water
hyacinth alone, water hyacinth and rice straw, and water
hyacinth and rice straw and sesame cake mixture obtained a
higher DMI for diet containing water hyacinth, rice straw

El-Serafy et al, (1981)cake. feeding waterplus sesame
hyacinth hay and silage to buffalo steers in Egypt found
that animals readily consumed the feed and gained between
4.5 and 6.5 kg during the 152 day experimental period and

0.75 with the
increase in DM content of the feeds. Wanapat et al, (1985)
feeding growing cross-bredcalves diets containing wilted
water hyacinth mixed with urea-molasses resulted in DMI of
131.78 and 129.93 kg,and a gain in weight of 25.63 and 26.25 kg.

DMI increased by 70.38, 63.03, 54.14 g/day/W

rice-straw and water hyacinth mixed diets. In Bangladesh
and Khan
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2.4 Hay and Silage from water hyacinth
The physical structure of the plant is not suitable for hay
and silage making in the normal ways. The neck between
petiole and lamina is very brittle. The lamina shrinks and
breaks with handling, whichoff leaving the petiole

The hay isremains round and full of air .(Gohl, 1984) .
therefore very bulky. Gohl (1984) reported that inclusion

increased the palatability of hayof for
Urea may be included to increase thecattle. content of

water hyacinthcrude protein.
requires it to be wilted in the shade for 48 hours and
lacerated before ensiling. Molasses should be added and

increase the
nutritive value and quality of the silage (Gohl, 1984) .
Water hyacinth has also been ensiled in a mixture with rice
straw in the proportion of 4:1 in favour of water hyacinth

Silages inmade theseresults.with good ways were
palatable when gradually included in the ration (Gohl,
1984).

2.5 Feeding systems around lake Victoria
Majority of sorrounding lake Victoriathe farmers are

animalsagropastoralists. The grazed naturalare on
pastures and the grazing time range from 6-11 hours (Laswai

early in the
morning and brought in late in the evening. The shortest

20% molasses

High moisture content of

sodium chloride and urea are reported to

The animalset al,1995). are herded out
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time for grazing animals coincides with the peak of other
agricultural work, farmer has
fields first before herding the animals. During the wet
season the animals are taken far away from the cultivated
lands. Grazing normally take place in the open
uncultivated fields hilltops and deep ravines.
After harvest the animals are allowed to feed on the crop
residues in the cultivated areas (Laswai et al, 1995) . The
only time with reliable feed supply is during the wet

period there is an unreliable feed supply for a period of
about seven months. During this period most of the farmers
are forced to sell their livestock (personal observation).

2.6 Utilisation of water hyacinth in Tanzania
Water hyacinth belongs to the family Pontederiaceae. It is
a floating biomass with long round spongy stems. Leaves are
extremely green, large and erect. Roots are long (10 to 90
cm) Reza and Khan (1981) . The rhizomes are generally 1 to
25 cm long, occasionally producing internodes. The plant is

in growth and multipliesluxuriant very rapidly. The
average height of the plant is about 45 cm in mature stage
but generally ranges from 30 to 70 cm (Reza and Khan, 1981) .
The plant is characterized by formation of large floating
mats which normally covers the water surface.
In Tanzania water hyacinth has not attracted the attention

areas or
such as

when the

season from February to June of each year. After this

to work in the
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of farmers as a feed for livestock. Currently, there is no
local use for this plant apart from few farmers raising
pigs who include the fresh shoots in the diet of these pigs
(Kivaisi and Mtilla,1995) . This has been contributed by the
lack of information on this plant and the fact that it was
non-existent in lake Victoria until recently. At the moment
the weed is harvested by mechanical means and dumped by the
local people whose activities have been hampered by its
infestation (Kivaisi and Mtilla., 1995) .

During this study only one farmer at Mwaloni beach was
observed cutting shoots of water hyacinth and mixing with
fresh grasses and feeding to dairy cattle. Many farmers do

water hyacinth believing that the plant isfeednot
poisonous (personal communication with farmers).

2.7 Problems associated with water hyacinth infestation

problem both in the tropics and sub tropics. Under suitable

conditions of temperature (between 28-30°C) and pH (4.0-

8.0), water hyacinth can double its population every seven
tons/hayielddays annually (Lareo930-2900to and

Bressani,1982) . In lake Victoria the infestation has become
The

infestation is characterised by formation of large floating
mats which cause a number of problems. The major problems

Water hyacinth has been a major ecological and economic

very serious and almost no shore has been spared.
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include obstruction navigation,of interference with
fishing areas, and reducing the recreational value of

inland Other clogging ofharmful effectswaters. are

drainage ditches,
thus causing back waters and flooding conditions. The plant
is also chocking the biota and resulting into detrimental
ecological (Kivaisieffects Mtilla,1995) .and Water

hyacinth biomasses are utilised by mosquitoes as breeding

providegrounds and sheltergood for snakes anda
crocodiles. The incidence of malaria is said to be high

around heavily infested beaches (personal communication

with residents living near infested areas) .'

There have been several Government statements on the need
for regional cooperation deal with water hyacinthto
infestation. However there has been no permanent solution
worked out to combat water hyacinth. Mechanical or chemical
control of the plant is difficult and expensive bearing in
mind its multiplication rate. Agencies in Florida spent an
estimated $ 3.5 million per year to control aquatic weeds
for navigational improvement, drainage, fishing, water
conservation and insect control (Bagnall et al,1977).

Since water hyacinth has been utilised successfully as an
animal feed in many countries, the same can be applied to
Tanzania. In Vietnam, China and India the plant is easily

irrigation canals and run-off streams,
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harvested using nets for animal feeding, and in Bangladesh
Water hyacinth is termed the cheapest source of roughage
for livestock roundfeed. allof theBecause year
availability of water hyacinth and the fact that it is not

affected by seasonal fluctuations of rainfall, the plant
presents potential opportunities for livestock feeding in
areas surrounding lake Victoria.
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CHAPTER THREE
3.0 MATERIALS AND METHODS

3.1 Site Description
The samples for the different analyses were collected from

lake lies andThe between the western
eastern rift valley highlands in east - central Africa at

It covers an area of 69485 km2.an altitude of 1130 m. It
is about 400 km long and 240 km wide. The greatest recorded
depth is 80 m. Ensiling was carried out at Kamanga ferry
point in Mwanza where a farmer provided a place for wilting
and storage of water hyacinth silage.

sampling siteWater hyacinth being
selection was done to enable samples to be collected from

since itexposed to direct surf beating, is
possible to find large concentrations of water hyacinth
biomass in such places.

3.2 Sampling procedure
A boat was used to reach the sampling sites. Water hyacinth

boat. After harvesting the samples were mixed together on

mud. After sorting, samples were divided into three parts
to enable determination of nutrient content of the plants

plant i. e. water hyacinth leaves (WHL), leaf

was pulled out of the water using a hook, and piled in the

a plastic sheet and sorting was done to remove dirt and

as a whole and of the different botanical parts of the

areas not

and stem

lake Victoria.

a floating biomass
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plant (WHE) . These were then dried under the sun for six
days after which they were stored in a tightly tied plastic
bags for chemical analysis.

3.3 Chemical analyses
The chemical analyses were carried out at the laboratory of
the Department of Animal Science and Production of Sokoine
University of Agriculture. Analysis of volatile fatty acids

of
Botany of the University of Dar-Es-Salaam.
Prior to analysis, the samples were dried in the oven at

The dried samples were then ground to60°C for 48 hours.
pass through a 2 mm sieve for degradability studies and 1

for chemical analysis. driedThe and groundsievemm
samples were allowed to equilibrate at room temperature for
24 hours after which they were stored in glass bottles with
tight covers.

3.3.1 Chemical analysis of plant parts and silages
Duplicate ground samples of water hyacinth parts and silage
were subjected to chemical analysis. Dry matter, ash, crude
protein and ether extractive determined using thewere

(1990) procedure. The neutral detergentA.O.A.C fibre

(NDF), and acid detergent fibre (ADF) determined •were
according to the procedure described by Goering and Van

without roots (WHS), and leaf, stem, and roots i.e whole

and lactic acid were carried out at the Department
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Soest (1970).

3.3.2 Potential yield estimation
estimated using floating woodena

at three different locations . Using a
small boat the square was tossed ten times and each time
plants falling in it were harvested using a knife. After
harvesting the samples were weighed and dried under the sun
for six days. After this period the samples were weighed
again and the weights recorded and used for estimation of
biomass yield. The average fresh and dry weights of the
three quadrats were calculated. Dry weights were then used
for biomass yield estimation by equating area of quadrats
to 1 hectare (10,000 m2) .

Tn vitro digestibility3.4
Digestion of feeds start in the mouth of an animal and
continues in the gut. The digestibility trials are carried
in the digestion tubes that do not resemble the conditions

for this reason it is importantin the stomach and mouth,
in the mouth and gut of

replicated in the digestion tubes. This necessitates the
addition of rumen liquor and artificial saliva.

square of 0.25 m2
Potential yield was

an animal bethat conditions
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3.4.1 Preparation of artificial saliva
Artificial saliva of the composition shown in Table 3.1 was
prepared, solution with carbonand the saturatedwas
dioxide gas and the pH was adjusted to 6.8-6.9.

Table 3.1: Composition of the prepared artificial saliva

29.96g

49.00g

Nacl 2.35g

Kcl 2.85g

CaCl2.2H2O 0.26g

0.64gMgCl2.6H2O

3000g

3.4.2 Collection of rumen liquor
Rumen liquor was obtained from fistulated steers fed on hay­

using a plastic tube connected to a conical flask which, in
The rumenturn, arm.

fluid obtained was put into a thermos flask before use.In
the laboratory the rumen fluid was pressed and strained
through a double layer of muslin and put into a bottle
which was closed with a rubber stopper and kept in a water
bath maintained at 38°C. It was kept in the water bath for

H2O

NaHCO3

Na2HPO4.2H2O

was fitted with a vacuum pump at its

and concentrates. It was drawn through the stomach canula
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30 minutes before being used.

3.4.3 (a): One stage in vitro method
Dry matter digestibility was carried out according to the
procedures of Tilley and Terry (1963) . Samples were weighed

then transferred mlThe samples were
addition, alsocentrifuge blankstubes. In were run

containing no feed samples but only the of
rumen liquor and buffer solution as the other tubes. 10 mis
of rumen liquor and 40 mis buffer solution were added to

anaerobicincubation tube,each
conditions with a rubber-stopper fitted with a valve. The

incubated in duplicate for 6, and 12096,
hours, respectively. After incubation periods samples were
kept in a deep freezer for analysis at later date.
Dry matter digestibility was calculated using the following
formula:-
%DM digestibility^ DM of sample-(DM of residue-DM of blank) X 100

DM of sample

3.4.4 (b); Conventional two stage in vitro method
In vitro dry matter digestibility determination of the
samples with pepsin-hydrochloric acid digestion was carried
out separately at 4 8 hours incubation with another set of
duplicate tubes. Dry matter digestibility was calculated in
the same way as in part (a) above. Both one stage and two

tubes were placed in the incubator at 38°C. Each feed was

and were

into 100

same amount

at 0.5g.

closed under

12, 24, 48, 72,
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carried enableout tostage in vitro experiments were
digestibility trends over different hourscomparison of

even after 96 hours in one stage in vitro. In two stage in

vitro bacteria were killed by adding pepsin hydrochloride
solution at the second stage. Digestion then continued for

microbes, givingwithoutanother hours48 rumen a
instage

digestibility.

3.4.5 In sacco degradability method
Degradability of water hyacinth parts and silage was done
using the nylon bag technique described by 0rskov et al

(1980) . The nylon bags used had a pore size of 40 /zM. For
each sample 3 gm were weighed and the incubation periods

hours.12, 72,24, 48, 96, Dry matter
disappearance was calculated as follows.

%DM disappearance = (DM into bag-DM in bag after incubation) x 100

DM into bag

fitted to the equation below to
obtain the degradation characteristics.

the equation described below (0rskov and
McDonald, 1979).

The data obtained were

difference with one

were 6,

The percentage of material degraded (p) after time (t) was 
obtained by

and 120

terms ofvitro method in
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P = a + b(l-e'ct)

where P = percentages of material degraded after time t in
hours,

a = intercept of the degradation curve,
b = potential degradability,
c = rate of degradation,
t = time in hours.

computer using a NAWAY program developed by 0rskov et al

(1980) and 0rskov (1982).
Effective degradability of the samples were calculated by
using SUPERCAL computer package at a passage rate of 0.01
using the formula below.
Y = a+bc/(c+k)
Where,
Y = effective degradability
a = water soluble component
b = insoluble but potentially rumen degradable part

= rate of degradability of insoluble materialc
k = passage rate

The values for the equation above were calculated by a
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3.4.6 Silage preparation
After harvesting, lacerated andplant shoots were
separated from the roots. After lacerating samples were
chopped using knives and spread on polythene sheet 6 to 8
metres long and wilted under shade for 48 hours. Two levels
of molasses 10% and 20% were used in making the silage.
Samples with no molasses were also ensiled as controls.
These were replicated six times in a completely randomized
design.

3.4.6.1 Experimental silos
Plastic buckets of 20 litres capacity were used as silos.
During the ensiling process a layer of dry grass was laid
at the bottom of each bucket to act
effluent generated. Nature of the plastic buckets used did
not allow effluent to drain out, so a layer of grass acted
as
by a piece of newspaper to separate grass and silage. Small
holes were made on the newspaper to ensure that effluent
seeped through it. After ensiling 1 kg of sand was poured
into a polythene shopping bag and tightly tied, and it was

silagetheof airthen spread totop preventon
then replacedpenetration. andwerecovers

tightly closed, for the fermentation process to take place.

an absorbent for effluent generated. This was followed

as absorbent to any

The bucket
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3.4.6.2 Addition of molasses
Due to the high viscosity of molasses it was difficult to
mix it uniformly with the sample. For this reason, molasses

reducethe ratio ofat 1:1 towas
Then it wasviscosity and to facilitate uniform mixing.

sprinkled using a cup and thoroughly mixed using hand until
Mixing doneuniform mixture obtained. on awaswas

polythene sheet to ensure that no molasses was lost through
leakage. After addition of molasses,
immediately, and reasonable compaction was achieved in all
of the buckets.

3.4.6.3 pH determination

ensiled in 5 litre containers for pH monitoring during the
fermentation process. pH changes were monitored at a weekly
interval until it was considered that the stable pH was
reached. At opening, for each container 100 gm of silage

taken for pH determination. The subsample was soakedwas
into 500 mis of distilled water (ratio 1:5) for 12 hours

filter paper.after which it Thewas
resulting solution was divided into six parts from which
their pH was read using a pH meter. pH at the time of
ensiling was taken as initial pH of the material ensiled.

Portions of molasses treated and untreated samples were

filtered using a

mixed with water

ensiling was done
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3.5 Sampling for chemical analysis
3.5.1 Pre-ensiling sampling
Subsamples (400 gm of each treatment) were deep frozen for
the DM determination and analysis of volatile fatty acids,
and butyric acid. air-driedSubsamples also forwere
determination of crude protein (CP) , Ash, neutral detergent

fiber (NDF), acid detergent fiber (ADF) ,
(DM) and organic mattercarbohydrates (WSC), dry matter

(OM) digestibilities. The frozen samples were transported

Science and Production of Sokoine University of Agriculture
where they were stored in a deep freezer awaiting analysis.

3.5.2 Silage sampling
Immediately after opening each bucket 400 gm of silage were
taken and stored in a deep freezer for analysis
section 3.4.1. Samples were taken from different depths of

and mixed together that uniformbucketthe to ensure
Subsamples were air dried for drymaterial was sampled.

vitrocalculation, and OM digestibilityIn DMmatter
determinations.

3.6 Acceptability study
Acceptability study was conducted at Magadu dairy farm of
Sokoine University of Agriculture. A total of four heifers
ranging in weight from 163 - 227 kg were used for studying

in a cool box from Mwanza to the Department of Animal

water soluble

as in
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the silage by livestock for an

eighteen (18) day period. 2 kg of silage were weighed after

total of 8 kg.

The silage was offered in the morning at 8.00 am for ten
minutes after which the refusals were collected and weighed

the feeding experiment four men held the buckets containing
the silage. This was poured at once in the feeding trough.
After ten minutes the heifers were prevented from consuming

the silage to be collected and weighed. This experiment was
repeated daily up to the end of 18 days period. From the
data obtained intake rate was calculated as follows.

Amount (in grams) of silage eaten/Ten minutes

3.7 Determination of water soluble carbohydrates
carbohydrates determinedsolubleWater was

Spectrophotometrically by an automated procedure for the

determination of water soluble carbohydrates in herbage

(1977).according to Thomas,

calculating the results.

more silage by leading them away to allow the remains of

Equation of the straight line Y = mx +

to obtain the amount eaten by an animal. At the start of

c was used for

opening each bucket and offered to each heifer, making a

the acceptability of
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Where,

Y = Absorbance,
m = Gradient,

of glucoseaxis milligramsIntercept on xx

standard graph.

From the equation the number of mg of glucose equivalent to
absorbances of the sample and the blank determination was
calculated. The difference after correcting for the blank

multiplied by 500. The result gave g/kg of solublewas
carbohydrates, calculated as glucose in the sample.

3.8 Determination of ammonia nitrogen concentration
The ammonia nitrogen (expressed as % of total N) of silage
samples was determined by routine Kjeldahl method described
by (A.O.A.C, 1990).

3.9 Determination of Lactic acid by gas chromatography
Because lactic acid is not volatile, methylation was done.
Centrifuged sample (0.5ml) was pipetted into a test tube
followed by 0.5ml of lOmM malonic acid (internal standard) ,
0.4ml of 50% sulphuric acid(H2SO4) AND 2.0ml of ethanol.
Contents were then mixed by stirring and incubated in a
water bath at 50°c for 30 minutes. After incubation, 1ml of

corresponding with absorbance Y,
c = Absorbance corresponding to 0 mg of glucose from the
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distilled water and 1ml of chloroform were added before
meticulous mixing. Then 2/zL of the mixed content was

injected into GC equipment using wipe syringe fora
determination lactic acid.Theof operatedGC was
isothermally at 125°c (column oven), (injection or125°c
inlet) and 170°c ( detection) . '

The percentage lactic acid produced was obtained by the
equation;

Grams lactic acid produced X 100
% Lactic acid yield

Grams of sugar consumed

3.9.1 Analysis of Fatty Acid using gas - liquid

chromatography
This analysis was based on the separation of various fatty'
acid components which are present in a liquid. Separation

the components in a
stationary and a running phase. Stationary phase carrier is

in a
column, through which the running phase (N2) is flowing.
Depending on the properties of the fatty acid, it will
leave the column sooner or later. After leaving the column
, fatty acids was detected using flame ionisationa
detector. The organic matter was ionised in the flame. The
ionisation was expressed in an electrical current, which

recorder. Volatile fatty acids

1000 /1% H3PO4.10% S

was done by selective division of

The stationary phase are

was visualised using a
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(acetate, propionate, butyrate) were distinguished from non
- volatile fatty acids (lactate, succinate). Non - volatile

fatty acids were first made volatile by methylation.

3.9.2 Statistical analysis
chemicalDescriptive statistics were ' calculated for

estimation.potential yield Thecomposition and
eachdifferent plantdegradability theof parts at

analyzed usingincubation period NAWAY computerwere
package. The SAS GLM procedure (SAS 1988) used forwas
analysis of in vitro digestibility of plant parts and the

silage data according to the statistical models below.

3.9.3 In- vitro dry matter digestibility

Where.

sample from ith part.

= general mean.
= The digestibility value of the ith part.

= error term.

Vi

eij

eij= n + Vi +

= The DM digestibility of the jth
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3.9.4 Model for silage experiment

Where.
pre-ensiledensiled andQuality attributes of

andtreatments of water hyacinth DM, Ash, EE, NDF,CP,
ADF, .

p = the overall mean value.

eij = random error.

= p + Ti + eij

Yij

Ti = effect of ith treatment level (10%, 20% molasses) .
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CHAPTER FOUR
4.0 RESULTS

4.1 Chemical composition of water hyacinth parts
Table 4.1 shows the chemical composition of water hyacinth

its parts. andand Both water hyacinth leaves, shoots
Water hyacinthentire plant had low dry matter content.

followed by shoots andleaves contained low ash content,
the entire plant had the highest amount. Leaves had low
content of acid detergent fibre, followed by shoots, while
the entire plant had the highest amount of acid detergent

whileEntire plant had the lowestfibre.
contained nearly etherofand leaves 2%shoots DM as

Crude protein content of the leaves was higher,extract.
followed by that of shoots and the entire plant had the
lowest CP content.

ether extract
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Table 4.1: Chemical composition of water hyacinth and its
parts

As % of dry matter

Sample CP ADFSOM Ash EE NOF

21.09+0.0710.72±0.03 12.27±0.02 1.82±0.007 18.03+0.26 50.07+0.99Leaves

30.78+0.6518.32±0.02 1.79±0.07 18.04±0.75 54.32+0.54Shoot 9.86+0.13

64.90±0.74 34.34±0.028.53+0.4320.12+0.12 1.42±0.007Whole 9.42+0.03
plant

4.2 Potential yield estimation
Table 4.2 shows the biomass of water hyacinth at the time
of sampling expressed in grams. After harvesting the shoots
of the plant contained a dry matter in the range of 6-10 %.
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Table 4.2: Weight of water hyacinth after harvesting in (gm)

Quadrant Location 1 Location 2 Location 3

1 9.17 6.42 6.58

2 6.98 6.98 6.37

3 6.37 10.74 7.36

7.624 8.29 7.85

5 6.73 6.47 6.58

9.20 10.526 6.98

7.21 7.85 7.857

7.69 6.278 5.79

9.446.989 7.19

6.427.6910 6.37

7.76 7.527.10Mean

The total biomass of water hyacinth was estimated at 298.61

kgDM/ha.
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4.3 Comparison of dry matter digestibility of water

hyacinth parts by two-stage in vitro incubation in
rumen liquor

The mean DM digestibility values of water hyacinth parts

obtained by two stage in vitro incubation is shown in Table

4.3. Significantly lower (PcO.OOl) digestibility value were

significant (p>0.05)whole plant.obtained for No
difference in digestibility was obtained between leaves and

shoots and leavesIn both water hyacinth parts,shoots.
showed higher digestibilities and the whole plant had the
lowest digestibility.

Table 4.3: Comparison of the DM digestibility values of the
water hyacinth parts using two stage in vitro

method

% DM digestibilityParts

58.15aLeaves

Shoots

Whole plant

0.62SEM

significantly (p<0.05)

57.03a

42.32b

a,b,c within column means with different superscripts differ
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4.4 Comparison of the DM digestibility of the water

hyacinth parts over different durations of
incubation

Figure 2 shows that percentage DM digestibility of all
water hyacinth parts increased with time.
hyacinth parts, leaves and shoots had the highest in vitro

digestibilities and whole plant had lowest.theDM
Significantly (p<0.05) lower digestibilitiesDM were
obtained for whole plant compared with other water hyacinth
parts. Comparing the DM digestibility values obtained after
48 and 120 hours, the dry matter digestibility at 48 hours

hyacinthbothhours for The120 water parts. DM
digestibility values for the water hyacinth parts over time
showed a higher correlation coefficients 0.99 for leaves

digestibility values were attained as time increases.

were significantly (P<0.05) lower than those obtained at

and 0.98. This kind of association indicates that higher

In all water
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Table 4.4: Comparison of the DM digestibility of water

hyacinth parts using one stage in vitro method
over different periods of incubation

Incubation Parts

time(h)

Shoots Whole plantLeaves SEM

10.25“14.36* 13.96*6 0.417

18.46“19.63* 15.33'12 0.345

21.67“26.88* 25.93*24 0.419

29“38.26* 37.34* 0.6248

32.94“39.35* 39.96* 0.38572

41.56“ 36.53'43.89* 0.48296

44.16“ 38.30'45.75* 0.514120

within rows means with different superscripts denote
statistical significance (p<0.05)
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4.5 Dry matter degradability of plant parts by in sacco

method
The percentage DM degradability of the parts is shown in

the highest DM degradability followed by shoots, and whole
plant had the lowest. Degradability characteristics of the
parts is shown in Table 4.5. Potential degradability (a+b)

highest in leaves and shootswas
plant. The insoluble but potentially degradable fraction
(b) in the entire plant of
leaves and shoots. Not much difference was observed in the

fraction (a) .immediately soluble The leaves had the
highest immediately soluble fraction followed by the entire
plant and shoots had the lowest. Figure 3 indicates that
the constants (c) for the parts and whole plant were most

and 48 hours incubation.rapid between of12
degradability after 48 hours of 53.57%,

for leaves, shoots,and 44.25% and whole plant49.54%,
respectively.

incubation was

increased with time. As a normal trend, the leaves showed

Figure 3. In all samples the percentage DM disappearance

in entire

Mean DM

was lower compared to that

and lowest



40

Table 4.5: Estimates of DM degradability of the WH parts by
in sacco method

Degradability characteristics
Sample

b a+b RSDa c

WHL 9.3811.45 58.7116.26 0.03010.007 68.09±3.85 3.9610.74

WHS 8.4112.28 52.4111.38 0.03210.005 4.0610.6960.8211.83

0.03410.006WHE 8.7111.16 44.213.11 52.9112.13 2.8711.48
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4.6 Chemical composition, in vitro DM and OM digestibility
of water hyacinth treatments before ensiling

Mean chemical composition of water hyacinth before ensiling
is shown in Table 4.6. DM content of molasses treated water
hyacinth were significantly (p<0.001) higher than that of
unmolassed treatment. The CP content of unmolassed water
hyacinth was significantly (p<0.001) higher than that of
molassed treatments. Significantly (pcO.OOl) higher values

obtainedand for the molassedof z IVDMD IVOMD were
treatments compared to unmolassed.
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4.7: Effect of ensiling water hyacinth on NDF, ADF and WSC
Effects of ensiling water hyacinth on NDF, ADF and WSC is
shown in table 4.7. Pre-ensiled water hyacinth had lower

Significantly
(p<0.001) higher values of WSC
hyacinth pre-ensiled material ' compared to silages. The

material than in the silages.
values for NDF and ADF were higher for the pre-ensiled

than in the silages.
were obtained for water

NDF and ADF values
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Table 4.7: Effect of ensiling water hyacinth on NDF, ADF
and WSC

Before ensiling After ensiling

WSCADFNDF WSC NDFADF

210.99b 172.67'346.52*675.89"No molasses 581.81 335.33

247.94“ 215.24b283.25*+10% molasses 394.75 229.22

393.96' 213.58' 285.02*319.14*+20% molasses 379.25 214.35

1.0160.1520.215 1.437 0.5710.808SEM

a,b,c within column means with different superscripts differ
significantly (p<0.05)

437.4b
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4.8 Effect of addition of molasses in chemical composition
of silage

Addition of molasses showed significant effects on chemical

composition hyacinth silage 4.7) .of (Tablewater
Significantly (p<0.001) higher dry and ethermatter,
extract values were observed for the molasses treated water

hyacinth silage. significantlyalsoWSC content was

(p<0.01) increased by the addition of molasses. The crude
protein content of molasses treated water hyacinth silage

significantly (p<0.001) lower than that of untreatedwas
water hyacinth silage. Significantly (p<0.001) lower values
of NDF and ADF were obtained for molasses treated silage
compared to that without molasses. Ash content was slightly
lower for the molasses treated silage compared to untreated

Significantly higher (p<0.001)silage. andDM OM

treated

water hyacinth silage compared with untreated silage.

In general molasses treated silages had higher dry matter,
Changing the level of

molasses from 10% to 20% significantly (pcO.OOl) increased
the dry matter content and WSC of the silages, while ether

OM and DM digestibility contents were not
significantly (p>0.05) changed by the increase in molasses

Similarly, no significant (p>0.05) difference inlevel.
DM and OM digestibilities was obtained bycrude protein,

ether extract and WSC contents.

digestibilities were obtained for the molasses

extract, ash,
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molasses from 10% 20%. 20%changing the level of to
molasses treated silage showed a significantly lower NDF
and ADF as compared to the 10% molasses treated silage.

chemicaladditive (molasses)ofTable Effects4.8: on

composition of water hyacinth silage

10% molasses 20% molasses0% molasses SEMParameter

20.67” 24.26*14.03' 0.191DM

g kg-1 DM

77 . 68”80.75”97.61* 0.126CP

18.26” 28.23*28* 0.077EE

162.53” 165.22”171*Ash 0.128

215.24”172.67” 285.02*WSC 1.016

437.40”675.89* 393.96”NDF 0.571

247.94”346.52* 213.58'ADF 0.152

39.54” 51.79* 51.87*DMDIG% 0.245

42.15” 54.60*OMDIG% 52.76* 0.867

within rows means with different superscripts differ significantly (p<0.05)

4.9 Acceptability of silage
Results for the acceptability of silage are summarised in

DMI g/minTheTable significantly4.8. (P<0.001)was
increased by the addition of molasses. However, changing
the molasses level from 10% to 20% did not significantly
(P>0.05) increase the intake rate of silage. Intake rate of

molasses treated silage20% slightly higher (30.78was
g/min) than that of 10% molasses treated silage (28.05
g/min). Significant (PcO.001) difference was also observed
in the DMI expressed % of live body weight betweenas
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molasses treated and untreated silage. No
(P>0.05) difference was observed in increasing the molasses

(P<0.001)A highly significantlevel
difference in DMI (per unit metabolic body weight) was also
observed between molasses treated and untreated silage.
Increasing the level of molasses from 10% to 20% did not

Thesignificant (P>0.05)
average DMI g/min for molassed and unmolassed silage was

andfor 20%, 10%, 0%28.05±7,30.78±ll,

molasses levels respectively.

4.9.1 Degradability of water hyacinth silage

Degradability characteristics of water hyacinth silage is

shown in Table 4.8. Significant differences were observed

characteristics of the silages.degradationin the
Significant difference (p<0.001) was observed in the water
soluble fraction A, rumen degradable portion B, potentially

effective degradability %,degradable fraction A+B, 48
hours DM degradability, and rate of passage C.

significantlysilage had (p<0.001)treatedMolasses a
higher water soluble fraction A, rumen degradable portion
B, potential degradability A+B, effective degradability %,

Significantly (p<0.001)and of lowerC.rate passage

obtained for the molasses

treated silage compared to untreated silage. Increasing the
level of molasses from 10% to 20% significantly (p<0.001)

have a effect on the DMI/W0-75

effective degradability was

from 10% to 20%.

and 3.15+1.8
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increased the effective degradability, while there was no

significant (p>0.05) difference in 48 hours degradability

between 10% and 20% molasses treated silage.

Figure 4, shows that 20% molasses treated water hyacinth

silage had slightly higher degradability compared to 10%

molasses treated silage from 0 to 48 hours, but from 72 to

difference in thethere behours120 toseems no
silages.degradability treatedof molasses However,

unmolassed silage had lower degradability at both hours of
incubation (Figure 4).

20% molasses10% molasses0% molasses SEMParameter

3.15b 28.05* 30.78* 1.64DMI g/min

0.16b 1.47* 1.59* 0.09DMI % BW

0.61b 5.94*DMI/W’-’5 5.49* 1.86

16.54b 18.7*13.62' 0.129A

47.50b 45.25'49.51* 0.274B

63.96b66.06*61.13' 0.27A+B

0.033b0.043*0.028' 0.0002C

33.91b31.9'48.29*Effective DEG% 0.11

48.53b 54.55*54.76* 0.14148 h DM DEG%

B= rumen degradable portion, C= rate

“■b-c within rows means with different superscripts differs significantly 
(p<0.05)

Table 4.9a: Effect of addition of molasses on silage DMI 
rate and DM degradation of silages at 48 hours

Note: A=water soluble fraction, 
of passage.
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4.9.2 pH changes during ensiling of water hyacinth

fermentation products of WH silage are summarised in Table
4.9. Level of molasses had a significant (P<0.001) effect

Increasing the molasses level from 10% 20%to
significantly (PcO.OOl) lowered-the pH value of the silage.
Figure 5 shows the course of change in pH over different
fermentation periods. and molasses20% 10%
treated silage was almost at the same level (4.24 and 4.32)

while untreated silage had a pH of 4.78.after one week,
Rapid decline in pH occurred from second week for molassed
silage reaching minimum of 3.48, and 3.08 after four weeks
for 20% and 10% molasses treated silage respectively, then
rising and becoming constant from fifth week onwards. 10%
molasses treated silage maintained

and 3.683.71 20%
molasses treated silage had a pH of 3.78 and 3.89 during
the fifth and sixth week respectively. Untreated silage had

(Figure 5) reaching a maximum of 5.31 in theits pH rise,
third week, then decreasing to 4.75 in the fourth week and
finally maintaining a pH of 5.22 after the sixth week.

a lower pH values of

Results for the effects of addition of molasses on the

on pH.

in the

The pH of

fifth and sixth week while
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4.9.3 Effect of addition of molasses on the fermentation

products of water hyacinth silage
Table 4.9 shows the effect of addition of molasses on the
quality of fermentation products of water hyacinth silage.
Addition of molasses showed significant effects
quality of fermentation products of water hyacinth silage.
Significantly (p< 0.001) higher values of lactic and acetic
acid were observed for the molasses treated water hyacinth
silage compared with untreated. While, 10% molasses treated

(p<0.001) higher valuessignificantly of
treated silagepropionic acid, molasses showed20% a

significantly (pcO.001) lower propionic acid values. There
difference in butyric acid

between 10% molasses treated silage and untreated while 20%
molasses treated silage had a significantly (p<0.05) lower
butyric acid content. Changing the level of molasses from
10% to 20% significantly (p<0.05) lowered the butyric acid

while propionic acid contentcontent,
(p<0.001) lowered by increasing the level of molasses. The

acid significantlyacetic (p<0.001)ofcontent was
increased by increasing the level of molasses while lactic
acid content was not significantly affected by changing the
level of molasses (p>0.05). There was a highly significant
(P<0.001) (%)

molasses treated silage. Increasing the level of molasses
from 10% to 20% did not significantly (P>0.05) change the

was no significant (p>0.05)

silage had a

between untreated anddifference in NH3N

on the
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(%) . silage hadHowever, 20% molasses treated a

slightly lower concentration of NH3N (%) compared to that
of 10 % molasses treated silage

Table 4.9.b: Effects of addition of molasses on the
fermentation products of WH silage

0% 10% 20%Parameter SEN
molasses molasses molasses

pH 0.014

NH3N (%) 0.477

Lactic acid 1.952

Acetic acid 0.878

Propionic acid 0.044

Butyric acid 0.074

a,b,c within rows means with different superscripts denote

statistical significance (p<0.05)

0,26a 0.26a

0.55a

5.04a

4.05c

25.07a

0.04c

26.41a

7.23a

16.38a

3.75c

0.31b

4 . llb 3.31b

0.01b

NH3N

0.22b

3.88b

11.88b
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CHAPTER FIVE
5.0 DISCUSSION

5.1 Chemical composition of water hyacinth
chemical composition of water hyacinth parts fallThe

within the ranges reported in the literature. The crude
protein content of both the leaves and shoots is consistent
with that reported by Nguyen (1996) . The CP content of
leaves and shoots must be considered as favourable for
feeding to ruminants as it is higher than most crop by-

(1993) and comparable(Shem et al.products

plants ( Shayo 1992) . The DM of water hyacinth was low.
This may affect intake negatively but on the other hand it

be advantageous if drinking water is in short supply.can

Similar findings have been reported by Reza
(1981). Whole plant had the(1981) and El-serafy et al.,

highest content of NDF and ADF followed by shoots, while
leaves had the lowest content of NDF and ADF. Ash content
of the whole plant was high which is a characteristic of
aquatic plants, but that of the leaves and shoots does not
differ much from that of most tropical forages. Ether

(1981). Table 4.1 indicate that(1996) and Gohl,Nguyen,
differ inhyacinth parts nutritive value.water In

conformity with the classification of crop residues, in
crude protein content, according to Schiere and De wit

extract values fall also within the ranges reported by

to browse

and Khan,
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(1995) the leaves and shoots of water hyacinth contain
crude protein in the class of good and the entire plant
falls in the medium class. The CP content of both leaves
and shoots is equivalent to that of wheat bran. Therefore

can say that leaves and shoots of water hyacinth areone
superior to many tropical grasses in terms of CP content.

5.2 Biomass yield of water hyacinth
The vegetation cover of water hyacinth obtained in this
study of 2 98.61 kgDM/ha is low when compared to that of
other tropical grasses and legumes such
(130t DM/ha) , and P maximum (54t DM/ha) Crowder and Ccheda,
(1982) . However, this is a yield at the sampling time only

continously.multiply Under suitablehyacinthwater

conditions of temperature (between 28-30°c) and pH (4.0-
double its population every seven days to8.0) ,

yield 930-2900t DM/ha annually (Lareo and Bressani, 1982) .
This is a superior yield that can guarantee a year round
supply of green fodder if harvesting is not carried out in
such a way that no single plant remains in the water to
multiply.

cited by Joyce. (1990) , also
demonstrated the fast multiplication of water hyacinth to
yield large quantities of DM. They found that ten water
hyacinth plants can produce over 655,000 plants and cover

WH can

as P purpureum

Penfound and Earle.(1948)
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0.4 hectare in eight months. This fast multiplication rate

lakes or big rivers only. A farmer owning a 0.4 hectare of

pond water may produce water hyacinth for feeding cattle,

and can be assured of five harvests in a year, giving year

round supply of green fodder.

McVea (1979) reported that the presence of 5 percent cover

by water hyacinth on the water surface of a fish pond did

not significantly affect fish production. This show that

water hyacinth can be introduced in such places for fodder

intended for its culture to prevent it becoming a pest.

DM digestibility of water hyacinth and its parts5.3
5.3.1 Two stage in vitro method

whole plant had the lowestthatshowsTable 4.3
in digestibilitiesdifferencesThedigestibility. DM

obtained between whole plant and other plant parts may be
of whole plant. Bothlow CPattributed content

the ofand shoots contentleaves CPsame

respectively which is higher and may be(18.03% and 18.04%)
the main reason for lack of significant differences in
terms of digestibility shown by these parts. The CP content
of the entire plant of 8% was half the content in shoots
and leaves and is near the minimum required for proper

production provided that the plant is confined to areas

also show that the use of this plant is not confined to

to the
have almost
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functioning of rumen microbes. This may be the reason for
low digestibilities shown by this part as nitrogen content
may have been a limiting factor for rumen microbes in whole

shoots which might be another reason for high digestibility
by these parts.

5.3.2 One stage in vitro method
DM digestibility of both water hyacinth parts and entire
plant increased with time at both incubation periods. This
is supported by the linear relationships plant parts have

(Appendix 5) . Theshown over different incubation hours
'b'(Appendix 5) shows thathighly significant values of

differences existed in the digestibility of water hyacinth
parts with time.
Leaves maintained a higher DM digestibility and whole plant
the lowest. As a general trend whole plant showed lower
digestibilities which further that the lowersuggests

this duedigestibility of limitedto
nitrogen available to the fermenting micro-organisms. The
higher fibre content of this fraction may also be another
reason for the low DM digestibilities obtained with whole
plant. The level of fibre in forages has been reported to

depressive effect digestibility andhave isita on

leaves and shoots were above 50%. The neutral detergent

fraction may be

fibre fraction (NDF) and ADF was also low in leaves and

plant than in the other parts. The values obtained for
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normally given a negative index in feed evaluation (Van
Soest, 1982).

The DM digestibility values obtained with whole plant and
parts even
compared to digestibilities of other tropical grasses and
legumes, such as Chloris gayana, Cenchrus ci Haris, and

Medicago sativa which have digestibilities of 70-80% (Reid

al,1973) . leavesInet

content was high enough for nitrogen not to be a limiting

It. isfactor therefore
obvious that the low DM digestibility values obtained in
this study for whole plant and parts is purely a result of
the limitation of the in vitro method itself as the low
digestibility values obtained after six hours suggest that
rumen microbes required time to adjust to the conditions in
the digestion tubes. The digestibility trend showed that it

this period. This digestibility trend reflects the nature
where easily digestiblesubstratesof components are

digested fast, and inaccessible and recalcitrant material
lignin and crystalline cellulose digestedare

slowly by rumen microbes. The fact that after 48 hours more

ruminant feed since this is the period that is spent by

was fast during the first 48 hours and slowed down after

already digested showed that the plant is suitable as a

rumen micro organisms.

the case of

after 120 hours of

for the

and shoots

incubation are low when

such as

than 70% of the material digested after 120 hours was

the CP
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feed inside the ruminant's digestive system

5.3.3 In sacco DM degradability of water hyacinth
The whole plant had low degradabilities as compared to the
other water hyacinth parts. A similar trend was reported by
Kivaisi and Mtilla (1995) . Consequently this could be due
to the higher NDF content of this part. A tendency of feeds
higher in NDF content to resist degradation by rumen micro­
organisms has been reported (Smith et al, 1972; 0rskov et

Degradation rates of water hyacinth partsal,1974) . was

retention time of the digesta in the rumen, hence decreased
feed intake (0rskov et al,1974; Kimambo et al,1992; Shem et

Increased retention time is also evidental,1993) . from
with increased timeshowing thatFigure the3,

degradability of water hyacinth parts was still increasing

The leaves and shoots ofthough at
water hyacinth contained low levels of NDF and ADF, and had
higher degradabilities. According to Van Soest (1965) the
critical level of NDF content, which limit intake is 55%

above this value by 1% and whole plant by 10%. 0rskov, et
(1993)(1989) et al., inal. and Shem, their study of

degradation for prediction of intake and growth rate of
cattle found that hours incubationofat 48 the
degradability of 32-47%, ofwas

a decreasing rate.

slow as indicated in Figure 3. This may imply increased

(this was for mid west grasses) . Leaves and shoots were

straw and banana leaf
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stover and Chloris gayana hay 50-54%, and of green Chloris

gayana, setaria grass, elephant grass and guatemala grass

degradability of WHL and WHS at 48 hours of incubation is

that of and Chloris hay, while,to stover gayana

degradability of WHE is equivalent to that of straw and

banana leaf.

5.4 Chemical composition, in vitro DM and OM digestibility
of water hyacinth treatments before ensiling

Lower DM values obtained for unmolassed water hyacinth at
the time of ensiling reflects the characteristic of aquatic
plants.
Addition of molasses at 10 and 20 percent improved the DM
by 6.12 and 9.98 percent respectively. This was expected

714.7 gkg'1since molasses of
(Appendix 2) , which mainly comprised of soluble sugars. Low
levels of CP obtained for water hyacinth treatments to be
ensiled when compared to water hyacinth shoots (Table 4.1)
can largely be attributed to field losses occurring during
wilting and chopping of water hyacinth.
reported to account for 10 to 20 percent or more during
ensiling of tropical forages (Crowder and Ccheda, 1982) .
Another the lowfor valuesCP be due toreason may
proteolysis taking place in the water hyacinth pre-ensiled

60%. From the results of this study, one can say that the

Such losses are

better than that of straw and banana leaf, and is similar

itself had a DM content
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treatments. The CP content of molasses added was very low,

(3 percent) (Appendix 2) which might have a dilution effect

beforetreatments
ensiling thus lowering the CP content.

Lower content of WSC was observed for the unmolassed water
hyacinth. Addition of 10 and 20 percent molasses improved
the WSC in 10 and 20 percent molassed water hyacinth by
72.26 and 108.15 gkg‘xDM respectively above the untreated
water hyacinth. This can be explained by the fact that the
molasses used had high content of WSC (Appendix 2) . The in

vitro DMDIG and OMDIG values in the ensiled waterpre
hyacinth was improved by addition of molasses. This is due

to the fact that soluble sugars present in molasses are a

is substrategood source of for
survival and multiplication of rumen cellulolytic microbes

responsible for degradation of fibrous forages eaten by

1973) . This phenomenaruminants (McDonald et al., was

likely to occur in silages treated with molasses.

5.5 Effect of ensiling on chemical composition of water
hyacinth

significant effectEnsiling showed the chemicala on
composition of water hyacinth. There was a decrease in DM,

and DM digestibility of silages compared to that
the original ensiled material.of This decline

CP, WSC,

energy that

on the CP content of water hyacinth

a useful

in the
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content of some parameters can be mainly attributed to the

proteolytic ensilingchanges took duringthat place

in the silages compared to original ensiled material could
not be established. The DM loss obtained in this study was

and 20 percent101.36, 0.84
withinThis is thetreated silages. lossmolasses

acceptable limits of 15 percent accepted as the maximum DM
loss for silages (Barnett, 1954) . An increase in the fibre

the(NDF and ADF)fraction
celllossof ofensiled ismaterial

contents during ensiling. Losses in DM and nutritive value

of silage normally range from 10 to 20 percent and even

fermentation, seepage or effluent, and spoilage or wastage

during storage Crowder and Ccheda (1982). The lower values

since silage was
transported in train wagons from Mwanza to Morogoro. Sample
et al. (1966) as cited by Sarwatt et al (1989) reported a
decrease of 3.9% when Pangola grass was ensiled, and that
the decrease of CP was attributed to overheating during the

ensiling process.

5.6 Effects of additive molasses on quality of water
hyacinth silage

Addition of molasses to water hyacinth at ensiling was

process. However, the reasons for high NDF and ADF values

of CP may also be due to overheating,

of the silages compared to

higher, and that they occur from field spoilage, type of

another evidence

and 1.11 percent for 0,
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generally noticed to have improved fermentation, hence the
quality of water hyacinth silage obtained in this study

5.7 Effects of addition of molasses on chemical composition
of water hyacinth silage

In the present study, water hyacinth silage with molasses
showed a higher DM content of about 6% and 10% for 10% and
20% molasses treated silages respectively above that found
in unmolassed water hyacinth silage.
contributed by some soluble sugars and trace minerals from
the molasses added as molasses was found to contain 322.5,

DM of WSC and ash respectively (Appendix 2) .and 86.1 g kg

However, the values obtained in this study were lower when
compared to those obtained by El- Serafy et al (1981) . They
obtained a DM content of 31.72% for sugar cane molasses
treated silage. Significantly (p<0.001) lower crude protein

silagemolasses treatedin the andobservedvalues
untreated water hyacinth silage as compared to that of
water hyacinth shoots may largely be attributed to field
losses during the ensiling process. McDonald et al. (1991)

resulting increasedfield losses fromshowed that

proteolysis in high moisture crops may reduce more than 50%
of the total nitrogen present in herbage. Most studies on
chemical composition of water hyacinth silage did not take
into consideration the protein values between pre-ensiled

This was possibly
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water hyacinth and the silage itself.

Apart from losses of nitrogen due to proteolysis, the lower
crude protein values treated
silage compared with unmolassed silage might be attributed

effluent losses occurring during fermentationto some
inside the buckets. Molasses treated silages might have
produced more effluent resulting from molasses and water
added leading to more nutrient losses . The crude protein
values obtained in the present study were lower than those

(1981) of 13% for water
hyacinth silage treated with sugar cane molasses. However,
it should be taken into consideration that crude protein
values obtained for silage can not give a clear picture of
the true protein contents since it is the combination of

tempted to conclude that molasses treated water hyacinth
silage has more protein since Van Soest (1982) suggested

aminothat of of acidschances especiallyrecovery

methionine, cystine and tyrosine in silages decline as the
pH rise above 4.2. Molassed silages had pH lower than 4.2.

for significantlythe (pcO.OOl) lowerHowever, reason

values ashof contents treated and

untreated water hyacinth silage could not be established.
The WSC content of molasses treated water hyacinth silage
was significantly (p<0.05) higher than that of untreated

both protein nitrogen and non protein nitrogen. But, one is

observed in the molasses

obtained by El-Serafy et al

between molassses
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silage. This might be due to additional soluble sugars from
molasses.

Higher ether extract values obtained on molasses treated
compared with untreated water hyacinth silage reflects the
higher concentration of total organic acids not recovered

silagetreated hadby petroleum ether. Molasses

concentrations of 28 and 28.23 g kg DM for 10% and 20%
molasses treated silage compared with 18.26 g kg"1 DM for

sinceuntreated silage. This be expectedmust excess
soluble sugars from molasses might have induced homolactic
and heterolactic fermentation ending up in large amounts of
lactic and acetic acids in the silage. Slightly higher NDF
and ADF in unmolassed water hyacinth silage compared to
molasses treated silage was likely a result of seepage
losses of the cell contents of forage in untreated silage,
leaving behind higher percentage of cell wall contents in
the total dry matter. Another reason for this may be due to
lower pH exhibited by the molasses treated silage which
might have stimulated further hydrolysis of linked sugar

resulting intocell wall,inmolecules the further

breakdown of hemicellulose. McDonald et al.(1991) have
documented a breakdown of up to 50% of hemicellulose during
the silage fermentation process. The values obtained in
this study were slightly lower compared to those of El-

(1981) they found values of 354.1 and 551.0Serafy et al.
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DM for ADF and NDF respectively for molasses treated

water hyacinth silages.

Changing the level of molasses from 10% 20% did notto
result in changes in some of the chemical components of the

silages except for DM, theCP, NDF, However
fermentation process was improved by increasing the level
of molasses as this was supported by the WSC content that

improved with changing molassessignificantly (p<0.001)
levels. The result was improved quality of the fermentation
products (pH and volatile fatty acids) . Higher DM and OM
digestibility values obtained for molasses treated silages
compared to untreated silage can be due to the molasses

is known to besince molassesadded,
might have supplied the necessaryThis energyenergy.

required by rumen micro-organisms digest the waterto
fraction, (NDF and ADF)hyacinth silages.

values for molasses treated silages could be another reason
for the increased digestibility in molasses treated silages
compared to the untreated silage.

significantly improved by theThe DM
addition of molasses . Since addition of molasses at the
time of ensiling produced a well fermented silage with
possibly an acceptable aroma and texture which might have

g kg'1

5.8 Effect of additive (molasses) on silage intake rate

a good source of

and ADF.

Lower fibre

intake rate was
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aroused the appetite of the test animals thus increasing
acceptance of the test diets. This was also supported by
the fact that some of the fermentation products such as
butyric acid which indicate spoilage ofof
silage by secondary fermentation bacteria were present in
negligible quantities in water- hyacinth treated silage
compared to the untreated silage.
Improved fermentation in molasses treated silages results
into high levels of organic acids, (Carpintero et al.1969) .
These acids were also noted to induce negative effects on
intake (Rogers et al., 1979; Forbes, 1986) . This is likely
where higher levels of organic acids are produced in the
silage. However, with this study addition of molasses at

time of ensiling hadthe on
negative effectwhich masked the ofacceptability

(g/min and kgWconcentration of organic acids. DMI
increased (p<0.01) with the addition of molasses, since the

the

of

silage increased with increasing dry matter. DMI as percent

of live body weight was also significantly increased with

Comparable (per unitmolasses.addition of DMIthe

cent body weight)body weight andmetabolic per was
(1979)reported by El-Serafy et al. for water hyacinth

(1972) for watersilage fed to sheep and Hentges et al.

Changing the level of

0.75)

a greater positive effect

the extent

addition of molasses it can be speculated that DMI

hyacinth silage fed to cattle.

dry matter content of silages also increased with
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molasses from 10% to 20% did not result in a change in DMI.
This showed that there was no difference between changing
the molasses level from 10% to 20% and that at least 10%
level of molasses could produce silage with good qualities.

Degradability of molasses treated water hyacinth silages
higher than that of untreated silage. and10% 20%was

treated silages had lowmolasses and had
higher degradabilities. Van Soest (1965) found that the

intake is 55% (for midcritical level of NDF which limits
west grasses). All molasses treated water hyacinth silages

content below this value. The degradability ofhad NDF
molasses treated water hyacinth silages at 48 hours was

that of stover and Chloris gayana hay (0rskov et al. 1989) .
of energy might also have

supplied the necessary energy required by microrumen
organisms finally resulting into high degradability values.

5.9 Effects of addition of molasses on fermentation quality
of water hyacinth silage

Quality of fermentation products of water hyacinth silage
obtained in the present study was also improved by the

at the time of ensiling.addition of molasses Molasses
supplied WSC, without which the high moisture content of

Molasses being a good source

better than that of straw and banana leaf, and similar to

NDF and ADF,
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water hyacinth would counteract the preservative action of

the primary fermentation acids extensiveand allow

microbial degradation of proteins to yield large quantities

of ammonia. This in turn allows secondary fermentation of

lactic acid to butyric acid which in turn reduce the lactic

and acetic acid concentration in the resulting silage as
observed in untreated water hyacinth silage. The extent of
spoilage of silages by secondary fermentation bacteria is
denoted by the butyric acid concentration. The maximum
level for most well preserved tropical silages is 0.3% DM

obtained in thisthe silage The levels studyof DM.
however, were below this value. This possibly was caused by
additional WSC content in the herbage from the molasses

which in turn wasadded,
bacteria ending up with large quantities of lactic and
acetic acid in the total acidity. This acidity stabilized

thereby inhibiting thelower pH valuesthe silage at
clostridial bacteria whichactivities ofwasteful was

indicated by lower level of ammonia-N and butyric acid
3.3 and 0.26, 0.01) for 10 and 20% molasses treated(4.1,

silages and higher concentration of lactic and acetic acids

(26.41,

fermentation whichqualitiesrespectively, the were

contrary from those observed for untreated water hyacinth
silage. The pH and lactate values of the silage indicated

addition of molassesclearly that beneficial inwas

fermented by the lactic acid

25.07 and 11.88, 16.38) for 10 and 20% molasses
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preservation of water hyacinth silage. However, pH values

obtained in this experiment of 3.48 and 3.08 for 20% and
10% molasses level after four weeks low for wiltedwere
silages expected to have a pH of about 4.4 (McDonald et al,

1995).

(1967) stated that in silos with a highWhittenbury et al.

moisture content, the pH level should be lower than usual,
for low pH values since the

plastic buckets used for ensiling had no outlet to allow
effluent seepage. Both 20 and 10% molasses treated silages

fifth weeks indicating that they preserved well.
The higher pH values of 5.31, 4.75, and 5.22 maintained by
untreated silage in the third, fourth, and fifth weeks are
indicators of poor preservation, since these values fall in
the ranges of pH for badly preserved silage for the forages
(McDonald et al, 1995) . The evidence of poor preservation

observed when opening the buckets containingalsowas
untreated silage,
surface that was not observed in the 20% and 10% molasses
treated silages. Statistical analysis (Appendix 3) show
that level of molasses significantly (P<0.001) affected the
pH of the silage. Comparison of means (Table 4.9) show that
there was a significant (P<0.001) difference in pH between

and 0% molasses treated silages.

and this may be the reason

20%, 10%,

as there was a mouldy growth on the

had a pH of 3.48, 3.78 and 3.08, 3.71 in the fourth and
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CHAPTER SIX

6.0 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusion

It is evident that, the shoots and leaves of WH were high

in andN match thecontent ruminant animalscan

requirements (i.e. the rumen micro-organisms require about

7% CP for their normal physiological functioning). Under

practical conditions, shoot isthe normally fed to

livestock and the animal may get about 15% CP in the diet

which will probably be more than adequate in relation to

intake.

The entire plant had low CP content which was close to the

minimum 7% CP required for the proper functioning of rumen

under practical conditionsmicro-organisms. However

entire plant sincefeed thedofarmers rootsnot are

normally heavily contaminated with mud and debris.

The silage especially molasses treated silages had low CP

proper functioning of rumen micro-organisms. This

content, but were still above the minimum required for the
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indicates that feeding of hyacinth silagewater to

ruminants may not require supplementation with N insource

order satisfy their requirements and highto assure a

intake.

ruminants readilyAcceptability study indicated that can

from water hyacinth. This factthe silages madeconsume

demonstrated by the amount of molasses treated silagewas

it should beheifers.offered However,consumed when to

could thestudy notthe presentnoted that present

the broadhyacinth inofvalue waternutritive sense,

because of the parameters this study was limited to.

Recommendations6.2
comparative studies1.

nutritional adequacy of various forms intheto assess

which water hyacinth can be offered to ruminants.

Research is required to investigate2 .

type of supplement and an optimum level of supplementation

to match livestock requirements when fed water hyacinth.

There is a need to conduct more,

on an appropriate
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APPENDICES

Appendix 1, Silage intake in grams of fresh silage
TREATMENT

20%molasses 384.8 1316 358.61093.30
1437.4 1650.6 12791830.8
1334.5 1558.9 1818.5 657.7
1735 1869.5 1697 1338.4
1677 9731905.3 555
1524.2 1625.2 582.61779.1

10%molasses 9221913.5 1684.8 1855.2
1618.1 1260.11684.81604

862.31722.51321.6 967.3
634.71831.71561.9 1534.2

1442.6 1020.21664.31342.1
496.11728.6 1644.71766.8

702.8 202.10%molasses 168.8265.8

189.3 112.5216.6146.3

406 104.5322.6138.7

218.1 96.3446.3206.3

229.7 220.8236.1103.7

304.6 213.1413.5347.1

Animal 1 
wt 193 kg

Animal 2 
wt 227 kg

Animal 3 
wt 163 kg

Animal 4 
wt 192 kg
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Treatment

20% molasses 1641.41615.2 684 906.7
721562.6 169.2349.4
1344.3665.5 441.1 . 181.5
661.6265 130.5 303
1027323 94.7 1445

374.8 1417.4475.8 220.9
107810% molasses 315.2 144.886.5
739.9315.2 381.9396
1137.7277.51032.7678.4
1365.3168.3465.8438.1
979.8557.4335.7657.9
1503.9355.3271.4233.2
1797.91297.21831.20% molasses 1734.2
1887.51810.71783.41853.7
1895.515941677.41861.3
1903.71781.91553.71793.7
1779.21770.31763.91896.3
1786.91695.41586.51652.9

Appendix 1 continues... 
Silage refusal in grams

Animal 
1 wt 
193kg

Animal 
2 wt 
227kg

Animal 3 
wt 163 kg

Animal 4 
wt 192 kg
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Incubation time (h)
AnimalPart Rep 6 12 24 48 72 96 120

WHL 1 1 13.99 19.96 25.10 37.91 39.06 43.39 45.26

2 14.93 19.9 26.88 36.45 38.71 44.32 46.32

2 1 15.92 20.89 27.97 39.78 38.98 45.74 47.82

2 14.7 18.36 27.77 37.17 38.12 44.13 45.22

3 13.861 19.45 26.51 39.10 41.23 43.63 45.01

2 12.76 19.23 27.10 39.16 40 42.16 44.91

WHS 1 1 12.92 18.71 25.81 36.67 39.71 43.76 45.9

2 13.11 17.22 25.10 35.21 39.92 41.39 44.7

2 1 13.23 19.82 26.17 37.13 39.33 41.22 43.41

2 14.02 18.3 25.8 37.7 42.6740.9 43.1

3 1 15.72 18.41 39.0127.15 40.01 40.7 43.16

2 14.8 18.34 25.6 38.33 39.91 39.62 44.7

WHE 1 1 10.72 15.12 22.99 31.07 34.71 37.06 39.26

2 9.63 15.62 21.33 31.33 33.39 37.32 39.32

11.03 16.82 20.72 29.23 33.32 36.92 1 39.96

23.3 27.28 32.2 36.882 11.2 15.11 38.13

15.13 21.66 27.12 31.73 1 9.01 35.33 37.01

20.02 27.99 32.362 9.93 14.22 35.72 36.13

Appendix 2b DM digestibility of WH parts by two stage in vitro method
Animal WHL WHS WHERep

60.4456.11 43.211 1

57.26 58.06 44.92

57.1155.8 40.432 1

56.12 56.142 41.2

59.21 59.17 43.173 1

58.0157.732 41.01

Appendix 2 (a) DM digestibility of water hyacinth parts by 
one stage in vitro method
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Appendix 2c: DM degradability of WH parts at different hours of incubation

Incubation time (h)

Sample Animal no 0 6 12 24 48 72 96 120

WHL 1 10.41 17.9 31.76 54.36 57.29 61.2745.81 73.81

9.18 33.17 56.3114.74 47.6 58.29 62.7 69.76

2 11.08 15.14 33.68 36.27 51.72 64.87 73.16 72.24

9.79 18.11 33.11 66.6538.06 53.14 68.51 71.18

3 10.26 12.08 29.34 51.75 60.47 61.0837.12 45.07

9.54 10.82 26.41 37.52 47.91 58.73 60.3855.41

14.7910.04 31.24 51.74 58.71 68.0740.39 64.14

WHS 1 9.89 18.06 33.72 38.79 38.98 60.72 60.29 62

16.789.76 49.62 60.4933.74 40.18 61.31 60.31

2 7.66 12.93 31.21 60.7241.14 49.7 59.94 61.2

8.12 35.04 36.57 47.65 56.72 60.1311.9 59.7

3 10.28 22.13 36.40 41.57 49.09 53.62 59.128.83

7.72 9.87 27.86 33.49 43.55 51.73 57.7 57.93

8.66 13.3 30.61 37.76 45.17 56.44 58.96 60.04

7.92 13.9 27.99 35.44 46.11 49.38 53.67 59.22WHE 1

46.268.31 24.87 37.52 46.85 51.52 57.8614.09

29.71 39.3 46.118.46 13.64 40.98 49.3 55.42

30.76 33.86 43.349.63 11.72 45.14 51.23 54.37

31.12 39.84 43.969.92 12.54 25.18 48.52 50.383

9.67 22.52 29.43 41.858.67 45.14 51.66 51.55

26.8312.59 34.44 43.16 45.99 50.988.81 54.79
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Appendix 2d: DM degradability of water hyacinth silages

Incubation time (h)

Treatment Animal no 0 12 24 48 72 96 120

1 19.29 36.58 46.35 55.18 61.18 63.48 65.12

19.04 35.64 45.28 53.71 59.2 61.38 63.28

2 17.81 30.72 40.16 51.5 57.04 61.1 63.5

16.59 31.60 39.99 52.58 57.3 59.79 62.17

3 19.32 34.24 45.30 56.6 60.8 62 63.61

18.14 35.66 44.66 54.05 57.17 61.7 65.1

18.36 34.07 43.62 53.93 58.78 61.57 63.79

1 17.3 31.2 43.12 60.3354.4 61.6 64.58

15.69 32.63 42.55 53.12 61.71 62.17 65.01

2 15.58 30.30 41.37 50.3 56.72 61.8 62.06

14.13 31.83 38.6 53.92 58.2 59.17 62.12

3 17.27 33.17 53.92 63.8 61.7855.24 63.24

18.33 36.18 46.49 55.73 54.18 62.58 64.11

16.38 32.55 42.67 53.78 59.15 61.68 63.52

1 13.5 23.34 41.71 42.92 57.72 59 60.51

14.3 30.06 38.8 51.12 50.1 60.7 61.4

2 11.26 21.65 39.8 43.01 53.06 57.72 59.3

12.92 21.77 37.29 41.38 54.12 59.26 60.66

3 14.58 27.41 35.37 49.33 53.9 54.05 57.2

14.05 29.58 41.29 51.29 60.73 54.31 55.12

13.43 25.63 39.04 46.30 54.93 57.5 59.03

Appendix 2e:Chemical composition of molasses used in the study

gkg DMDM
(%) AshCP WSC

120.5171.47 34.8 451.25

0% 
molasses

10% 
molasses

20% 
molasses
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Appendix 3a:Class level information on Silage DMI in g/min, % body weight and g/min/W°”

Class Levels Values
LEVEL 3 0 10 20

Number of observations in data set = 72
Dependent Variable: DMIGM

F ValueSource DF Pr > F

Model 2 11125.31034 5562.65517 85.65 0.0001
69 4481.32009 64.94667Error

Corrected Total 15606.6304371
C.V. DMIGM MeanRoot MSER-Square

8.058950 20.66347220.712858 39.00095
Dependent Variable: DMIGM

F Value Pr > FType III SS Mean SquareDFSource
85.65 0.00015562.655172 11125.31034LEVEL

Dependent Variable: DMIPBW
F Value Pr > FDFSource

71.58 0.000115.13887917Model 30.277758332
0.2114917314.5929291769Error

Corrected Total 44.8706875071

DMIPBW MeanRoot MSEC.V.R-Square

1.0762500042.73006 0.459882
DMIPBW

F Value Pr > FType III SS Mean SquareDFSource

15.13887917 71.58 0.000130.27775833

F Value Pr > FDFSource
79.60210.1754431 0.0001420.3508861Model 2

2.6405330182.196779269Error
602.5476653Corrected Total 71

Root MSE DMIMBW MeanC.V.R-Square
1.624972 4.0193055640.42917

F ValueMean SquareType III SS Pr > FDFSource
210.1754431420.3508861 79.60 0.00012LEVEL

0.674778
Dependent Variable:

2
DMIMBW

Sum of
Squares

Sum of 
Squares

Sum of
Squares

Mean
Square

Mean
Square

Mean
Square

0.697623
Dependent Variable: DMIMBW

LEVEL
Dependent Variable:

General Linear Models Procedure 
Class Level Information



92
Appendix 3b: Class level information for two stage in vitro method

Class Levels Values
PART 3 WHE WHL WHS

Number of observations in data set = 18
Dependent Variable: DMDIG

F Value Pr FSource DF
Model 937.2470111 468.6235056 0.00012 202.99

34.629633315 2.3086422Error
Corrected Total 17 971.8766444

DMDIG MeanR-Square C.V. Root MSE
0.964368 2.893892 1.519422 52.5044444

Dependent Variable: DMDIG
F Value Pr > FType I SS Mean SquareSource DF

468.6235056 202.99 0.0001937.24701112PART
F Value Pr > FType III SS Mean SquareDFSource

0.0001468.6235056 202.99937.24701112PART
Least Squares Means

PART

Pr > |T| HO: LSMEAN(i)=LSMEAN(j)
1

0.2224
0.0001
0.0001

Sum of
Squares

Mean
Square

LSMEAN 
Number

WHE
WHL
WHS

42.3200000
57.0383333
58.1550000

DMDIG
LSMEAN

i/j 
1 
2 
3

0.6203013
0.6203013
0.6203013

2
0.0001

3 
0.0001 
0.2224

0.0001
0.0001
0.0001

1
2
3

Pr > |T|
HO:LSMEAN=0

General Linear Models Procedure 
Class Level Information

Std Err
LSMEAN
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Appendix 3c: Class level information for one stage In vitro method

ValuesLevelsClass
WHE WHL WHS3PART

in data set = 18Number of observations
Dependent Variable: DMD at 6 hours

F Value Pr > FSource DF
30.80826667 29.40 0.0001Model 61.616533332

15.72066667 1.04804444Error 15
77.33720000Corrected Total 17

DMDIG6 MeanC.V. Root MSER-Square
7.960656 1.023740 12.86000000.796726

DMD at 6 hoursDependent Variable:
F Value Pr > FMean SquareType I SSSource DF

30.80826667 29.40 0.000161.616533332PART
DMD at 12 hoursDependent Variable:

F Value Pr > FDFSource
29.60115000 41.36 0.0001Model 59.202300002
0.7156766710.7351500015Error

Corrected Total 69.9374500017
Root MSE DMDIG12 MeanC.V.R-Square

4.749565 0.845977 17.81166670.846504
Dependent Variable: DMD at 12 hours

F ValueDF Type I SS Mean SquareSource Pr > F
PART 2 59.20230000 29.60115000 41.36 0.0001
Dependent Variable: DMD at 24 hours

DF F ValueSource Pr > F
Model 2 92.70434444 46.35217222 43.87 0.0001

15Error 15.84816667 1.05654444
Corrected Total 17 108.55251111

R-Square C.V. Root MSE DMDIG24 Mean
0.854005 4.139313 1.027883 24.8322222

Dependent Variable: DMD at 24 hours
Source DF Type I SS Mean Square F Value Pr > F
PART 2 92.70434444 46.35217222 43.87 0.0001

Dependent Variable: DMD at 48 hours
Source DF F Value Pr > F
Model 2 312.1818778 156.0909389 67.63 0.0001
Error 15 34.6207000 2.3080467

Sum of 
Squares

Sum of 
Squares

Sum of 
Squares

Sum of
Squares

Mean
Square

Mean
Square

Mean
Square

Mean
Square

General Linear Models Procedure 
Class Level Information
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Corrected Total 17 346.8025778

R-Square C.V. Root MSB DMDIG48 Mean
0.900172 4.356966 1.519226 34.8688889

Dependent Variable: DMD at 48 hours

Source DF F ValueType I SS Mean Square Pr F

PART 2 312.1818778 156.0909389 67.63 0.0001
Dependent Variable: DMD at 72 hours

F ValueSource DF Pr > F
Model 181.2249333 90.61246672 101.80 0.0001
Error 15 13.3510667 0.8900711
Corrected Total 17 194.5760000

C.V. Root MSE DMDIG72 MeanR-Square
0.931384 2.521207 0.943436 37.4200000

Dependent Variable: DMD at 72 hours
F Value Pr > FType I SS Mean SquareDFSource

90.6124667 101.80 0.0001181.22493332PART
Dependent Variable: DMD at 96 hours

F Value Pr > FDFSource

0.0001169.7449000 84.8724500 60.75Model 2
1.397033320.955500015Error

Corrected Total 190.700400017
DMDIG96 MeanRoot MSEC.V.R-Square

40.66333331.1819622.9067010.890113
DMD at 96 hoursDependent Variable:

F Value Pr > FMean SquareType I SSDFSource
84.8724500 60.75 0.0001169.74490002PART

Dependent Variable:

F Value Pr > FDFSource

92.4606500 58.27 0.0001184.9213000Model 2
1.586673323.800100015Error

208.7214000Corrected Total 17
Root MSEC.V. DMDIG120 MeanR-Square
1.2596322.947198 42.74000000.885972

Dependent Variable: DMD at 120 hours

F ValueType I SS Mean SquareDF Pr > FSource
184.9213000 92.4606500 58.27PART 2 0.0001

Sum of 
Squares

Sum of 
Squares

Mean
Square

Mean
Square

Mean
Square

DMD at 120 hours
Sum of 

Squares
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Appendix 4a: Degradability characteristics of water hyacinth parts
WHL ANIMAL1
A= 8.71 B = 57.16 C= .0390 RSD= 4.82
Times 6.0. 12. 24. 48. 72. 96. 120.
Measurements 9.79 16.32 32.46 46.70 56.35 56.80 61.98 71.78

Fitted values 8.71 20.63 30.06 43.43 57.07 62.42 64.52 65.34

K .01 .02 .03 .05.04 .06

A+BC/(C+K) 54.2 46.5 41.0 36.9 33.7 31.2

K .07 .08 .09 .11.10 .12

A+BC/ (C+K) 27.4 26.0 24.7 23.729.2 22.7

WHL ANIMAL2

65.6011.06 B= C= .0232 RSD= 3.61A=

Times 6.0. 12. 24 . 48 . 72. 96. 120.

10.43 16.62 33.39 37.16 52.43 65.76 70.83 71.71Measurements
Fitted values 11.06 19.59 27.00 39.07 55.11 64.31 69.58 72.60

.05 .06.01 .02 .03 .04K
A+BC/(C+K) 46.3 31.9 29.456.9 39.7 35.1

.09 .10 .11 .12.07 .08K
A+BC/ (C+K) 24.5 23.4 22.5 21.727.4 25.8

WHL ANIMAL3
3.45.0291 RSD=53.37 C=B=A= 8.39

72. 96. 120.6. 12. 24 . 48.Times 0.
9.90 11.45 27.87 37.32 46.49 53.58 59.60 60.73Measurements
8.39 16.93 24.11 35.19 48.53 55.17 58.48 60.13Fitted values

.05 .06.02 .03 .04.01K
A+BC/(C+K) 30.9 28.0 25.840.0 34.748.1

.10 .11 .12. 07 .08 .09K
A+BC/ (C+K) 22.6 20.4 19.5 18.824.0 21.4

WHS ANIMALI
.0323 RSD= 4.6951.25 C=11.05 B=A=

96.72.Times 0. 6. 12. 24 . 48. 120.
9.82 17.42 33.73 39.48 44.30 60.60 60.80 61.15Measurements

Fitted values 11.05 20.08 27.52 38.70 51.43 57.29 59.99 61.24

. 01 .04 .05 .06.02 .03K

A+BC/(C+K) 50.2 42.7 37.6 33.9 31.2 29.0

.07 .08 .09 .10 .11 .12K

A+BC/(C+K) 27.2 25.8 24.6 23.6 22.7 21.9

WHS ANIMAL2

7.01 B = 53.95A= C= .0377 RSD= 4.17
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Times 6.0. 12. 24 . 48. 72. 96. 120 .
Measurements 7.89 12.41 33.12 38.85 48.67 58.33 60.42 60.45

Fitted values 7.01 17.93 26.64 39.13 52.13 57.39 59.52 60.38

K .01 .02 .03 .05. 04 .06
A+BC/(C+K) 49.7 42.3 37.1 33.2 30.2 27.8
K .07 .08 .09 .10 .11 .12
A+BC/(C+K) 25.9 24.3 22.9 21.8 20.8 19.9
WHS ANIMAL3
A= 7.17 B= 52.04 C= .0272 RSD= 3.32
Times 0. 6. 12. 24 . 48. 72. 96. 120.
Measurements 8.27 10.07 24.99 34.94 42.56 50.41 55.66 58.52

Fitted values 7.17 14.99 21.64 32.09 45.08 51.85 55.38 57.21

K .01 .02 .03 .04 .05 .06
A+BC/(C+K) 45.2 37.1 31.9 28.2 25.5 23.4
K .07 .08 .09 .10 .11 .12
A+BC/(C+K) 21.7 20.4 19.2 18.3 17.5 16.8

WHE ANIMALI
A = 7.72 B- 47.77 C= .0351 RSD= 3.04
Times 0. 6. 12. 24. 48. 72. 96. 120.
Measurements 8.11 13.99 26.43 36.48 46.48 47.82 52.59 58.54

Fitted values 7.72 16.78 24.13 34.90 46.62 51.67 53.84 54.78

K .01 .02 .03 .04 .05 .06
A+BC/ (C+K) 44.9 38.1 33.5 30.0 27.4 25.3
K .07 .08 .09 .10 .11 .12
A+BC/(C+K) 23.7 22.3 21.1 20.1 19.3 18.5
WHE ANIMAL2
A= 8.43 B= 42.86 C= . 0404 RSD= 4.27
Times 0. 6. 12. 24 . 48. 72. 96. 120 .
Measurements 9.04 12.68 30.23 36.58 42.16 45.62 50.26 54.88

Fitted values 8.43 17.65 24.89 35.03 45.12 48.95 50.41 50.96

K .03.01 .02 .04 .05 .06
A+BC/(C+K) 33.042.8 37.1 30.0 27.6 25.7

.09 .10 .11 .12K .07 .08
A+BC/(C+K) 20.8 19.9 19.222.8 21.724.1
WHE ANIMAL3

1.32RSD=.027941.99A= 9.99 B=
96. 120.72.48.24.6. 12.Times 0.

9.29 16.10 23.85 30.27 40.84 44.55 50.09 50.96Measurements
9.99 16.48 21.96 30.51 41.01 46.37 49.11 50.52Fitted values

.06.05.04.03.02.01K
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Appendix 5. Regression and Correlation analysis

R-squareb ra
0.98080.9904WHL 32.5919 0.9316

0.9812 0.9627WHS 31.5919 0.9225
0.9862 0.9726WHE 26.2969 0.9456

Parameter 
estimates


