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Nowadays, the investment cost of commercial algae cultivation is quite high.
The present study was performed to determine if bioextract from water hyacinth could
be effectively used for cultivation of Spirulina sp. The results suggest that water
hyacinth bioextract can provide some nutrients that replace nutrients in Zarrouk
medium. Spirulina sp. was grown in water hyacinth bioextract at strengths of 10%,
12.5%, 15% and 17.5%. Growth rate of Spirulina sp. was highest at the concentration
of 10% water hyacinth bioextract which was the same as growth of Spirulina sp. in
75% Zarrouk medium. Additionally, some essential nutrients, ie. K;HPO, and
solution As, were added to water hyacinth bioextract at concentrations of 0.5 g/L and
1 ml/L, respectively. These nutrient supplementations provided the highest yield of
Spirulina sp. which was to that obtained from the use of Zarrouk medium. The
bioextract with nutrient supplementations had the highest dry weight at 4,367 mg/L
and had 67.93 % protein. This indicated that water hyacinth bioextract has some
nutrient elements essential for the growth of Spirulina sp. The use of water hyacinth
bioextract can reduce the cost of Spirulina sp. cultivation and get rid of water hyacinth

from the aquatic environment.
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CHAPTER I
INTRODUCTION

1.1 Background and justification

Recently, protein supplementary food has been developed in our country.
There has also been much considerable to improve and do researches concerning about
other protein sources instead of meat. The algae cyanophyta, called Spirulina is an
important source of protein that has been much interested. Spirulina has high protein
content which range from 55% to 72 % of dry weight. The essential amino acid which
derived from Spirulina are useful for humans and animalse (1). Nowadays commercial
production of Spirulina is performed in United States, Japan, Mexico, Taiwan, Israel
and Thailand as products of health food, animal food, food for fancy koi (carps) and
other ornamental fish to enhance the color (2).

The investment of commercial Spirulina cultivation is quite high such as
shallow pond construction. Moreover Spirulina cultivation depends on many factors,
for example light intensity, pH, air and especially nutrient. In the present Zarrouk, the
synthetic medium, was used for Spirulina cultivation. It consists of several essential
chemicals but it’s price is quite expensive(3). Because the size of Spirulina is very
small, it is not comfortable for collecting of Spirulina. Therefore, it is very useful to
produce the new medium from the natural material which has essential elements to
replace some elements in Zarrouk medium. V

Water hyacinth is an aqua plant that has specific name Eichhoria crassipes.
According to its intensive growth in freshwater and rapid density rate, it cause many
adversely environmental effects such as the obstruction water transportation, a resident
of mosquito lavae as carrier of hemorrhagic fever and malaria as well as the resident
of insects and snakes.

However water hyacinth has more amount of essential nutrient such as 2.72 %
- 5.52 % of nitrogen, 0.7 % - 1.0 % of phosphorous and 2.0 % — 3.5 % of potassium

when compared to other plants (4). The manufacture uses it to absorb heavy metal in
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wastewater and produce paper pulp as well as chemical. For agriculture, it is used to
mix in animal food, produce effective fertilizer such as manure and organic fertilizer,
and make basketwork. So, water hyacinth is an interesting natural material to replace
some elements in Zarrouk medium.

The purpose of this research was to determine if water hyacinth can provide
some nutrients that can replace for the nutrient in Zarrouk medium. This can reduce

cost of Spirulina cultivation and get rid of water hyacinth from aquatic environment.

1.2 Objective

1.2.1 To study the efficiency of nutrient obtained from water hyacinth extract
comparing to Zarrouk medium on the growth of Spirulina sp.

1.2.2 To find out the optimal medium formula producing the highest growth

rate of Spirulina sp.

1.3 Hypothesis
Water hyacinth bioextract can replace some of nutrients in Zarrouk

Medium.

1.4 Scope of works

1.4.1 This study is an experiment research which performed in Batch culture in
the laboratory at Institute of food research and product development (IFRPD),
Kasetsart University. ;

1.4.2 Growth of Spirulina sp. is determined by using dry weight, protein
content and density.

1.4.3 Water hyacinth used in this research was obtained from Chedibucha

canal, Muang district, Nakornpaithom province.

1.5 Benefit

1.5.1 Reducing the cost for Spirulina production because water hyacinth is an
unwanted aqua plant.

1.5.2 To get rid of water hyacinth from aquatic environment which lead to

reduced the water pollution.
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'CHAPTER II
LITERATURE REVIEW

2.1 Water Hyacinth (Eichhornia crassipes)
2.1.1 General knowledge on water hyacinth

Scientifical name : Eichhornia crassipes Solms
Symonymous name : Eichhornia Speciosa Kunth
Common name : water hyacinth
Family name : Ponteydariceae

Ponteydariceae water hyacinth (Eichhornia crassipes) is a free floating
aquatic plant that mostly found in black-water, swamps, canals, marshes, and rivers.
The parts of stalk, leave and purplish flower grow above the water surface and its root
is under the water surface (Figure 2.1)(5). In addition the large beautiful flowers made
it as a popular ornamental plant in southern part of United States(6).

wggf \\# § peten

& ‘& A
S 1 ‘,
3T DUlbous and
| G55 ) sponay stk
’Su‘,-/(», y / = ‘

Figure 2.1 Water hyacinth(6)
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The water hyacinth were originally found in South America. They are
becoming a serious problem in many country such as America, Australia, Egypt ,
Japan, Indonesia, Vietnam, Singapore due to rapid growth. It grows very rapidly,
doubling its mass in about 12 days and reproduces from one small stalk to 76.8
stalks(7). In the reign of Rama V (1896s), water hyacinth was firstly introduced in
Thailand and caused many problems to the environment; clogging lakes, rivers and
ponds and seriously obstructing traffic on water way(8,9). Eventually it was destroyed
and eliminated since the reign of Rama VI(10).

2.1.2 Identification

Water hyacinth is a free floating plant. It grows up to three feet above
the water surface. It has rhizomatous stem with the diameter of 5 to 6 centimeters and
the length of 30 centimeters, green oval leaves with the diameter of 4 to 8 inch and the
length of 50 to 75 centimeters. It has the floating part, spongy with the diameter of 8
centimeters. The leaves with gently incurved sides leaf veins are dense and numerous
which make them stand erectly. Stalks have bulbous and spongy that prevented it from
sinking. Its flowers have six purplish blue or lavender petals. It has a main root
covered with white hair root which has the weight of 50 percent of total weight. The
root zone has nitrogen fixing bacteria such as Azobacter chroococcum that can absorbs

the nitrogen into its cell(9,11). The structure of water hyacinth is shown in Figure 2.2

Figure 2.2  Strycture of water hyacinth(9)
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2.1.3 Reproduction

Rebfoduction of water hyacinth can be divided into 2 types. Firstly is a
sexual reproduction. The flower of water hyacinth has self pollination or cross
pollination that carried out by insect. The small and dark brown seed were presented
after 3 weeks and then falled into water and germinated further. Secondly is an
unsexual reproduction by stolon. Young plant will reproduced by attached to the
parent plant to form a large clump. After the young plant was grown, it can reproduce
new young plant by it self (11).

2.1.4 Chemical compositions of water hyacinth
Chemical composition of water hyacinth is shown in Table 2.1. The

amount of elements in wet weight is similarly to that presented in ash.

Table 2.1 Chemical composition of water hyacinth

Chemical composition of water hyacinth

Elements Wet weight (%) Ash(%) Dry weigth (%)
Total Nitrogen 1.03 1.04 2.86
Phosphate 0.42 0.84 0.5
Patassium 1.81 222 -
Calcium 0.02 0.01 -
Carbon - - 45
H,O 90.20 - -
Source : (9)

2.1.5 The advantages of water hyacinth
The benefits of water hyacinth are as follows: (11)
2.1.5.1 It helps to reduce organic matters that contaminated in natural
water,
2.1.5.2 It helps to promote the air quality and the weather condition.
2.1.5.3 It helps to store solar energy.
2.1.5.4 It creates a good habitat for fishes and other aquatic animals
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2.1.5.5 It used as a food for animal such as cows, buffaloes, goats and
sheeps. )

2.1.5.6 It used as fertilizer because its consisted of high amount of
potassium, nitrogen and phosphorous.

2.1.5.7 Dry water hyacinth can be used for cultivation of straw
mushroom.

2.1.5.8 Wickerwork: dry and press water hyacinth were used as raw
materials to weave into household appliances, hand bags, shoes and furniture.

2.1.6 The disadvantages of water hyacinth
2.1.6.1 For irrigation: Water hyacinth caused water resource not get as
much advantage as possible because;
2.1.6.1.1 It decreases the flow rate of water about 40%
2.1.6.1.2 Some parts of the plant, that sink to the bottom of the
water body, become obstacle to the release of water from dams, water gates etc,
causing the water way to become shallow.
2.1.6.1.3 It causes major problems to the production of
hydroelectric power.
2.1.6.2 Water hyacinth reduces the space of water reservoir.
2.1.6.3 Water hyacinth caused water traffic obstructed.
2.1.6.4 Agriculture are affected by water hyacinth as follows:
| 2.1.6.4.1 It competes with cultivated plants for the used of water
and nutrient.
2.1.6.4.2 Water hyacinth that are drifted into the rice field |
causing the damage to the rice.

2.1.7 Methods of control

Water hyacinth can be controlled by harvesting (11). It is easily harvested by
using nets, aquatic herbicides, and biological control agents. Locally, the best way to
get rid of water hyacinth is not allow to grow or reproduce further.
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2.2 Bioextract, BE

Bioextract (12, 13, 14) is the brown liquid obtained from fermented plant with
sugar or molasses. The sugar changes to alcohol due to the action of microorganism
(14). Bioextract compose of many microorganisr;xs and organic compounds. The
microorganisms involved in this process are yeast, bacteria and mold. They can
decompose the organic matter during fermentation process. The product, fertilizer,

was obtained after the fermentation process was completed.

2.2.1 Preparation of bioextract
Bioextract is derived from fermented plant and animal (12,13). The
agriculturist used bioextract to get rid of the insects and control disease of plant.

2.2.1.1 Materials
2.2.1.1.1 Fermenting tank with a cover.
2.2.1.1.2 Sugar or molasses.
2.2.1.1.3 Plant ie., vegetable, fruit including of the fresh peel such as
water melon , pineapple and mango.

2.2.1.1.4 Heavy material such as rock.

2.2.1.2 Method

2.2.1.2.1 Plants, vegetables and fruits are mixed with the sugar at the ratio
of 3:1. This mixture is added into the fermentor tank. ;

2.2.1.2.2 The plant was pressed by the rock for 1 day.

2.2.1.2.3 The fermentor tank is tightly closed to achieve optimum
condition for fermentation process.

2.2.1.2.4 During the fermentation process, the liquid, so-called bioextract,
will released from the plant.

2.2.1.2.5 The fermented water hyacinth with molasses used for
multipurpose after 10-14 days, then transfer it slowly into the plastic container. To
complete the reactor, the cover of fermentor tank should be opened every day in order

to reduce CO,.
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2.2.1.2.6 Fermentor tank should stored in the dark in order to keep it for

- several months before used.
2.2.1.2.7 By-product obtained from this fermentation process is used as the

fertilizer for plant.

fermentation process
< molasses, brown sugar
plasmolysis >
< microorganism
v

composition from plant cell i.e., amino
acid, protein, carbohydrate, lipid

< the decomposition process of
aerobic, anaerobic microorganism
and the fermentation

A
-the organic compounds decomposes to the small molecules
-some of organic compounds were synthesized by microorganism
-releasing of nutrient ’

Figure 2.3  Diagram of bioextract fermentation process(15)

2.2.1.3 The uses of bioextract for plant production
2.2.1.3.1 Bioextract is mixed with water at the ratio of 1 to 500-1000.
2.2.1.3.2 Mixture in 2.2.1.3.1 is poured into the plant to prevent the plant
from disease or insects.
2.2.1.3.3 It was usually pours the bioextract into soil in order to increase

the amount of organic matter.
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2.2.1.3.4 Bioextract can be used for all kinds of plant.
2.2.1.3.5 The seeds are soaked in the diluted bioextract to promote the

strength of plant.

2.2.1.4 Caution
Bioextract composes of many type of nutrients ie., organic matter
enzymes, hormones, etc. Some enzymes decompose the organic matter to the organic
compounds which serve as nutrient of plant whereas hormones used to support the
growth of plants. Bioextract needed to be diluted into 1: 500 to 1: 1,000 before
application (14).

2.3 Spirulina sp.

Spirulina is one of the blue-green algaes (single-celled plants); name deplicted
its spiral shape. It is a multicellular, filamentous cyanobacterium and presented as a
blue green filaments that compose of cylindrical cells arrange in unbranch, helicoidal
trichomes. The filaments are motile, gliding along their axis. Heterocysts are absent
(1, 2,16).

This genus was characterized by the helical shape of the trichome is
characteristic of the genus, but the helical parameters (i.e..pitch, length, and helix
dimension) vary with species, and even within the same species. The helical shape is

maintained only in liquid media, the filaments becoming true spirals in solid media.
" The transition from a helix to a flat spiral is slow, whereas the reverse transition occurs
almost instantly. (Figure 2.4)

The diameter of the cells ranges from 1-3 ym to 3-12 ym. Spirulina sp. can

grow rapidly, increase filament density in warm, shallow, brackish lakes (2).
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Figure 2.4

Different morphological types in Spirulina (a) Isolated from a
local oxidation pond (b) morphological similar trichome ina
developing from Spirulina platensis typical trichome (c)
Spirulina platensis nonvacuolated from Lake Chad (d) staight
onvacuolated trichome, isolated from pure culture c (¢)
Spirulina platensis vaculated (f) straight vacuoled trichomes,
isolated from pure culture b, ¢ from which they have been

apparently transformed (2)
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Life cycle

The life cycle of Spirulina sp. in laboratory is quite simply
(Figure2.5)(2). A mature trichome has been broken into several pieces through the
formation of speciailze cells, necridia that undergro lysis, giving rise to biconcave
separation disks. The fragmentation of the trichome at the necridia produce gliding,
short chain (two to four cells), the hormogonia which give rise to a new trichome. The
cells in the homogonium loss to contact with the necridial cells. Their shapes are
becoming round at the distal ends with little or no thickening of the walls. During this
process, the cytoplasm has less granulate and the cells turn to a pale blue-green color.
The number of cells in hormogonia increases by cell fission and become to the typical
hilicodial shape while the cytoplasm becomes granulate. The trichome was broken
randomly and spontaneously together with the necridia formation and dispersal of the

organism.

Figure 2.5 Life cycle of Spirulina sp.(2)

Ecology and Habitat
Spirulina sp. is an ubiquitous organism. Many of its different strains
have been collected (1,2). Spirulina sp. are found in different environmental condition

i.e., soil, marshes, brackish water, thermal springs, and fresh water.
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Characteristic of algal growth in culture
Algal cells are generally cultured. The culture of algal cells can be

performed by the following methods. They are either grown in continuous cultures
where cells are constantly being removed and replaced with fresh media, or they are
grown in batch cultures. In batch culture, the medium is inoculated with algal cells,
and all of the culture is harvested after a certain period of time. The continuous culture
were found to be more complex than the batch culture. Its consist of five stages as
described follows (Figure 2.6)(17,18).

Lag phase, immediately after inoculation, during which there is
little or no apparent change in the number of cells in the culture.

Exponential or log phase, during which there is a rapid increase
in the number of cells in culture.

A declining growth phase

Stationary phase, there is no apparent change in the number of
cells.

Death phase, when the number of cell declines.

TIME

Figure 2.6 Phase of an algal culture.(a) Lag (b) Log (c) slowing growth (d)
stationary, and (e) death (18)
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2.4 The factors that effect on the growth of Spirulina

2.4.1 pH

Alkalinity is an expression of the anion in the water that will react with
acid to neutralize H'. Carbonated and bicarbonated ions are the most important of
these anions, so the term carbonate alkalinity has been developed to express the
amount of acid that can react with CO;”> and HCOj3’ in the water. Alkalinity affects the
behavior of some compounds in the water (19). High alkalinity which pH ranges from
8.3-11.0 is mandatory for the growth of Spirulina(2).

The increasing of pH correlated with the reflects depletion of CO; or
HCOs through photosynthesis. The pH may be maintained by a suitable inflow of CO;
or by the addition of mineral acid to a medium. In the latter case, the alkalinity must
be adjusted back to its original levels by adding carbonates in stoichiometric amounts.
Sodium bicarbonate may be used in addition of CO2 to adjust the pH in growth media
for algae such as Spirulina which have a pH optimum of 8.5 to 10.5 and thrive at a
high concentration ie., 0.2 M or more of NaHCOs. It is noteworthy that carbon
usually represent one of the major components in the operating cost of an algal

culture.

2.4.2 Temperature
Spirulina is a mesophilic alga.(2) The optimal temperature for its
growth is between 35°C and 37 °C. The increasing of temperature to 39°C for a few
hours do not cause any harmful effects, however, the temperature at 40°C can cause
damage to Spirulina. The minimum temperature allow the growth of Spirulina sp. is
about 18 °C.

2.4.3 Light
Spirulina is a photoautotroph algae.(20). The nutrient and temperature
are not limiting factors. However the light available for algal cells becomes the
dominant limiting factor. The availability of light to each cell in a phototrophic culture
is a function of the intensity and duration of light irradiance as well as the
concentration of cells or population density that affect the extent of mutual shading.
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The latter is due to the light absorbed by the algal cells are similar to the light
absorbed at the surface which resulted in decreasing of the amount of irradiance
available to the cells below. The greater the population density, the higher the extent
of rhutual shading and the greater the fraction of cells that are not illuminate at a given
instant. Spirulina cannot grow in the dark in media containing organic carbon source.
Nevertheless, in the light may utilize carbohydrates, since, for instance, the addition of
0.1% (w/v) glucose to the growth medium enhance growth rate and cell yield

2.4.4 Turbidity
Turbidity refers to the amount of suspended material in the water(17),
so it is a measurement of the inhibition of light passing through a water sample.
Suspended materials are often clay particles that stay in suspension because they are
small and negative charged. In algae culture, turbidity made the productivity is
reduced because the algae can not got the photosynthesis.

2.4.5 Nutrient
2.4.5.1 Nitrogen

Nitrogen is used by organism in a large number of chemical
reaction and is essential component of amino acids for building of protein (1).
Nitrogen is quantitatively the most important element contributing to the dry matter of
algal cells. The proportion of nitrogen as the percent of dry weight can vary from 1%
to 10%. A variety of nitrogen compounds, both inorganic and organic, can serve as -
sole nitrogen sources for the growth of various microalgae which include both
prokaryotes and eukaryotes. The ability to fix gaseoﬁs nitrogen is confined to
prokaryotes and thus among algae only some of the cyanobacteria can do so. The
ability of using nitrate(NOj3), nitrite(NO,") or ammonium (NH,4") appear to be general
among algae(1).

Nitrates are the main nitrogen source assimilate by Spirulina but
ammonium salts may be use as long as the NHs" concentration is less than 100 mg NI
!, Urea can be use with adversely effects at pH 8.4, as long as its concentration is
below 1.5 g I'(2).
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2.4.5.2 Phosphorous
Phosphorous is one of the major nutrient elements that require
for normal growth of algae(2). It plays a major role in most cellular process,
particularly those involve in energy transfer and in nucleic acid synthesis. The role of
phosphorous in algal metabolism has also attracted the attention of ecologists since the
element is frequently limited for algal growth in nature(21).

2.4.5.3 Oxygen
Oxygen is required by all algae for structural and
metabolic purposes. This element is a constituent of almost all organic compounds in
the cell and is usually the final electron accepter in biological oxidations. Molecular
oxygen is obtained by algae directly from the atmosphere. Oxygen evolve through the
photosynthetic photolysis of water can also be used directly. Some algae can fix CO,
inthe absence of O, using H; as a reductant, surviving in oxygen-poor or even

anaerobic environment(2).

2.5 Measurement of Algal Population

The population density of a culture should be recordes at least two times per
day. The major parameters to follow this respect are turbidity, the concentration of
chlorophyll, and the dry weight per liter. In continuous culture system, a good
correlation between these parameters should be maintained. Thus, measurement of
turbidity, which is the most rapid method to determine the changes of the population
density, may be used as the standard method measure the algal population in the

pond(2).
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The chemical compositions of algae give the basic information on the

nutrients of algal biomass. The chemical compositions of Spirulina reflect its potential
as human food, animal feed and as a source of natural products. The cellular

composition of Spirulina varies; the greatest variation reported are in protein content,
which ranges from 50% to 70% of dry weight.(1) Table 2.2 is shown an amino acid
analysis of spray—dry weight produced in Mexico. Table 2.3 is shown gross chemical
composition of different algae (% of dry matter)(22). In Table 2.4 is shown the
comparision of protein content in Spirulina to other sources(23)

Table 2.2 Amino acid analysis of spray dry Mixican Spirulina

Amino acid concentration(g(1 6gN)'1
Isoleucine 5.7
Leucine 8.7
Lysine 5.1
Methionine 2.6
Phenylalanine 5.0
Threonine 5.4
Tryptophan 1.5
\]aIine 7.5
Alanine 7.9
Arginine 7.6
Aspartic acid 9.1
Cystine 0.9
Gultamic acid 12.7
Glycine 4.8
Histidine 1.5
Proline 4.1
Serine 53
Tyrosine 4.6

Source(1)
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Table 2.3 Gross chemical composition of different algae (% dry matter)

Algae Protein Lipids Carbohydrates Nucleic acids
Spirulina platensis ~ 62.5 3.0 85 3.9
S.maxima 65.0 2.0 20.0

Chlorella vulgaris ~ 51-58 14-22 12-17 4-5
C.pyrenoidasa 57.0 2.0 26.0
Scenedesmus obliquus 50-56 12-14 10-17 3-6
S.qiadrocauda 47.0 1.9

Dunaliella salina 57.0 6.0 32.0

D.bioculata 49.0 8.0 4.0
Synechococcus sp.  63.0 11.0 15.0 5.0
Euglena gracilis 39-61 14-20 14-18
Prymnesium parvum 28-45 22-38 25-33 1-2
Hormidium 41.0 3.8

Ulothrix sp. 45.0 1.1

Uronema gigas 58.0 1.7

Stigeoclonium sp. 51 1.2

Source (22)



Usa Boonyalesnirun

Literature Review/ 18

Table 2.4 The comparision of protein content in Spirulina to other sources

Composition Content (%)
Beef 18-20
Egg 10-25
Wheat 6-10
Soybean 33-35
Sport-bodied mackerel 20
Chlorella 40-56
Spirulina 69.5-71
Source(23)

2.7 Review of researches

Wanapat and Wongsewon (24) reported that water hyacinth had high nutritive

value and leaves had amino acid especially lysine 6-7 gram per 100 gram protein. In
addition stalks of water hyacinth contained low quality of heavy metals and would not

be poisonous to ruminant animals.

Boonthida (25) determined the protein content in its leaves of water hyacinth
that was randomly by collected from 17 swamps in urban area of Thailand. There

was protein content of 22.61% in water hyacinth. Moreover Khummeng(4) found that

protein, fat and carbohydrate were essential elements for the growth of water hyacinth.

Chemical composition of water hyacinth (%) were (4)

T R Z T O

Ca

32.0-34.5
5.4-5.8
2.72-5.52
2.0-3.5
0.7-1.0
1.5-2.5
0.3-0.42
0.6-1.25
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Mg 0.2-0.3
Mn 0.005-0.008
Fe 0.025-0.05
Zn 0.005-0.5

The amount of elements in water hyacinth was different in each parts of its.
Leaves contained more nutrient than stalks and roots.

Rattanavanich et.al., (26) reported that green water hyacinth was not good for
feeding animals because of its taste, odor and the risk of being infected with liver
fluke. In order to solve this problem, water hyacinth had to be fermented with
filamentous fungi for bioconversion into fungal biomass rich in protein before use.

Saovanit (27) reported that molasses was the best source for use in the
fermentation of water hyacinth. Water hyacinth was mixed with molasses produce the
chemical compositions i.e., moisture 92.74%, dry matter 7.26%, protein 8.45%, ash
12.78%, fat 2.93%, nitrogen preextract 48.54% and the others 24.36%.

The utilization of water hyacinth was studied by Pouvadee et.al.,(28). Effective
microorganism, EM was mixed with water hyacinth to produce fertilizer. The
chemical composition in water hyacinth and fertilizer were determined to test the
efficiency of EM. Total nitrogen of 1.75%-1.96% in water hyacinth was more than
that of 1.45% in water hyacinth.

Research involving Spirulina

Tansakul P., and Jantasilp.A. (29) studied the utilization of effluent
discarded from a rubber-processing plant as basic medium for Spirulina culture. The
results showed that the requirement of some essential chemical compounds added to
the effluent as algal nutrient was NaNOs 2.5 g/l., whereas the addition of K;HPO, and
K250, was unable to promote algal growth. '

Siripet, A.et.al.,(30) reported that the optimal amounts of some
macronutrients on the cultuvation of Spirulina in soil water medium were NaNO; 3.5
g/l, K258040.2 g/l, MgS04.7H,0 0.2 g/l, CaCl,.2H,0 and NaCl 1.0 g/1.

Phumpruch (31) reported that the best solvent used extract to the

Spirulina was methanol. The optimal condition for Spirulina isolate from Makasan
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pond to produce high yield of beta carotene were prepared by adjusting the component
of Zarrouk medium to contain NaNO31.25 g/l, K;HPO4 0.25 g/l, Mg SO4 01.

Yamalee,Y. et.al., (32) studied the cultivation of Spirulina from domestic
waste for animals feeds. They was found that Spirulina was grown successfully under
the supplementation with 3 chemical ie., Na,COs;, NaHCO; and NaNOs at the
concentration of 0,424, 3.864 and 0.625 g./1, respectively and Spirulina had 60-70 %
protein content.

Phoophat, N. et.al., (33) reported that Spirulina sp. should be harvested when
protein contents were in the range of 50-60%.

Ouijirakul(34) cultivated Spirulina sp. in wastewater from a soft drink factory
in order to find the optimum condition for its growth and the removal efficiency of
nitrogen. The concentration of Zarrouk medium was varied. The result showed that
adding NaHCO3, NaNO; and K,HPO4 , 25% of Zarrouk medium in wastewater froma
soft drink factory, the yield of Spirulina as the used of the normal Zarrouk medium.
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CHAPTER II1
MATERIALS AND METHODS

The experimental design was performed in a batch culture system in the
laboratory at Institute of food research and product development (IFRPD)

3.1 Materials
Specimens
Water hyacinth, Spirulina sp.
Apparatus
Suction pump
whatman no.1
whatman no 42
whatman glass microfilter GF/C
thin white cloth
Autoclave
plastic cone tube 200 ml.
glass tube 2000 ml.
fluorescent lamp 38 watts
aerator
timer
calibrated s/n 173791
calibrated model 2254
concentration analyzer model 980 s/n 1006
pH meter CG 882
spectromicroscope
fiber cloth 420 mesh (60.48 )

luxmeter
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Chemicals
-chemical for prepare Zarrouk medium (appendix A)
-chemical for analyze the heavy metal and trace element (appendix B)
-chemical for analyze total nitrogen and protein (appendix B)
-chemical for analyze total phosphorus (appendix B)

3.2 Methods
3.2.1 Collection and preparation of water hyacinth for heavy metal

analysis ‘

3.2.1.1 Water hyacinth were collected from the Chedibucha canal ,
Muang district, Nakornpathom province.

3.2.1.2 The samples were throughly cleaned by using tap water and
then cut off their roots.

3.2.1.3 The prepared samples were used to determine the heavy metals
i.e., cadmium, copper, cromium, lead, murcury, arsenic, manganese, zinc and nickle

by using Inductively coupled plasma (ICP) method.

3.2.2 Preparation of water hyacinth bioextract

3.2.2.1 Water hyacinth was cleaned by using tap water, cut to small
pieces and get rid of their roots and then air dried.

3.2.2.2 The dried samples of water hyacinth were mixed with the
brown sugar and filter water at the ratio of 3:1:3 and fermented for 7 days

3.2.2.3 Water hyacinth fermentation in 3.3.2.2 called, water hyacinth
bioextract was filtered through thin white cloth and centrifuged at 10,000 rpm for 1
hour.

3.2.2.4 Water hyacinth bioextract was filtered by whatman no.1,
whatman no.42 and whatman glass microfilter GF/C, respectively.

3.2.2.5 The filtrate of water hyacinth bioextract was sterized by
autoclave at the pressure of 15 pounds per inch square and temperature of 121 °C for

15 minute
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3.2.3 Determination of chemical composition in water hyacinth
Bioextract
The preparation of water hyacinth for analyzed the chemical composition was
perform as described in section 3.2.2
3.2.3.1 Total nitrogen was determined by Kjeldahl method
(Appendix B)
3.2.3.2 Total phosphorus was determined by Ascobic acid method.
(Appendix B)
3.2.3.3 Trace elements as magnesium, potassium, sodium, calcium,
zinc were determined by using Inductively coupled plasma (ICP) method.

3.2.4 Determination of physical characteristics of water hyacinth
Bioextract.
3.3.4.1 color by observation
3.3.4.2 odor by observation
3.3.4.3 suspended solid by calculated dried weight of water hyacinth
bioextract which obtain from hot air oven at 105 °C for 1 hour.

3.3.4.4 The percentage of moisture (appendix B)

3.2.5 Cultivation of Spirulina sp. for using as the stock culture.

To scaled up the culture, Spirulina sp.cell from stock of the
laboratory at Institute of food research and product development (IFRPD) Kasetsart
University were used as inoculum of stock.- The 50 ml. of stock culture were
inoculated into 150 ml. working volume transparent plastic cone tube containing 100
ml.of Zarrouk medium, The culture medium incubated on the water bath at temperature
'30°C. Light intensity was supplied to the culture tube surface at 10 Klux for 16
hr.daylight. Mixture of 2 % CO2 and air provide to the culture for 24 hr.(Figture 3.1).

The organism were harvested after 2 weeks for growth measurement.
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Figure 3.1 Indoor culture equipment set for stock culture

3.2.6 Growth of Spirulina sp. in Zarrouk medium

Spirulina sp. was grown in four different concentrations of Zarrouk
‘ medium, i.e., 25%, 50%, 75% and 100%. Three replicates were prepared for each
concentration. The initial cell concentration was approximately indicated by optical
density (OD) 0.4 at 560 nm. Added 1,500 ml. of culture medium in 2000 ml. glass
tube and adjusted the pH to 8.4 by 0.2 normal NaOH. The culture medium were
incubated at room temperature. Light intensity was supplied to the culture tubes
surface at 5 Klux for 16 hr.daylight. Mixture of 2 % CO; and air was provided to the
culture for 24 hr.(Figure 3.2) Two hunderd mililitres of culture samples were sampled
every 2 days until growth of Spirulina sp. was decreased for recording of dry weight,
pH, temperature and optical density(OD) at 560 nm.
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Figure 3.2 Indoor culture equipment set for experiment

3.2.7 Growth of Spirulina sp. in water hyacinth bioextract
The experiment was performed as describe in section 3.2.6 in which
Spirulina sp. was grown in four different concentrations of water hyacinth bioextract
ie., 10%, 12.5%. 15% and 17.5 %. Each concentration contained 4 g/LL NaHCOs as
source of buffering for the growth medium(2). Three replicates were prepared for each

concentrations.
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3.2.8 Effect of K;HPO,
The experiment was performed as describe in section 3.2.6 in which
Spirulina sp. was grown in the achieved high growth of Spirulina sp. in water hyacinth

-+ bioextract from section 3.2.7, containing 4 g/L NaHCO3. Four different concentrations

of K;HPO4 were added ie., 0, 0.5, 0.75 and 1 ml/L compared with the Zarrouk
medium in 3.2.6 that provides the highest growth of Spirulina sp. Culture samples
were collected every 2 days for recording of dry weight, pH, temperature, optical
density(OD) at 560 nm. The protein content was determined by micro Kjeldahl
method and then converted into protein by multiplying with conversion factor 6.25
(appendix B)

3.2.9 Effect of solution As
The experiment was performed as describe in section 3.2.6 in which

Spirulina sp. was grown in the achieved highest growth of Spirulina sp. in water
hyacinth bioextract from section 3.2.7 and K;HPO4 was kept at the best result growth
of Spirulina sp. in 3.2.8, containing 4 g/L..NaHCO3, and the final of solution As were
0, 0.5, 0.75, 1 mVL. compared with the Zarrouk medium in 3.2.6 that achieved the
highest growth of Spirulina sp. Culture samples were collected every 2 days for
recording of dry weight, pH, temperature, optical density(OD) at 560 nm. The protein
content was determined by micro Kjeldahl method and then converted into protein by
multiplying with conversion factor 6.25 (appendix B)

3.2.10 Statistical analysis
Means and standard derivation were calculate for each treatment.Means
were compare among treatments using One Way ANOVA and multiple comparisons
between treatment were done using Duncan’s Multiple Rang Test (DMRT).



Fac. of Grad. Studies, Mahidol Univ.

M.Sc. (Appropriate Technotogy) / 27

CHAPTER IV

Results

4.1 Analysis of heavy metals in water hyacinth

The heavy metals in water hyacinth were analyzed by using Inductively

coupled plasma (ICP) method. The results were obtained as shown in Table 4.1

Table 4.1 The composition of heavy metals in water hyacinth compared with surface
water qualify standards(35) and soil quality standards(36)

Heavy metals Concentration in water |  Surface water quality Soil quality
hyacinth (ppm.) standards (ppm.) standards (ppm.)

Cadmium (Cd) 0.04 1.0 0.15
Copper (Cu) 0.52 0.1 45
Cromium (Cr) 0.009 0.05 80
Lead (Pb) 0.25 0.05 55
Murcury (Hg) 0.40 0.002 0.1
Manganese (Mn) 0.67 1.0 -
Nickle (Ni) 0.16 0.1 45

0.94 1.0 70

Zinc (Zn)

The concentration of Copper in water hyacinth was found in the largest

amount compared with the others. The concentrations of Copper, Lead, Murcury and

Nickle in water hyacinth excess the Surface water quality standards, whereas only

Murcury that has concentration higher than its Soil quality concentration standards.
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4.2 Chemical compeositions in water hyacinth bioextract.

The composition of chemicals in water hyacinth bioextract are shown

in Table 4.2

Table 4.2 Chemical compositions in water hyacinth bioextract

Elements Concentrations

Total Nitrogen (N) 3.28 g/L

Total Phosphorous (P) 354.74 pg/g
Magnesuim (Mn) 202.80 ppm.
Sodium (Na) 109.10 ppm.
Potassium (K) 259.51 ppm.
Calcium (Ca) 79.05 ppm.
Zinc (Zn) 44.75 ppm.

The results showed that water hyacinth bioextraxt had some nutrients i.e., Total
nitrogen could be replaced in the medium used for Spirulina sp. growth. It was found
that Total Nitrogen was presented in the highest amount in water hyacinth bioextract
i.e., approximately 3.28 g/l whereas Total phosphorous was presented in the less

amount in water hyacinth.

4.3 Characteristics of water hyacinth bioextract.

4.3.1 The color of water hyacinth bioextract was brown and the odor had the
bad smell due to the fermentation of sugar. '

4.3.2 The suspended solid was equal to 70.44 g/l -

4.3.3 The ratio of wet weight : dry weight of water hyacinth was 1:15

4.3.4 The moisture in water hyacinth was 91 %

4.4 Preliminary test for the growth of Spirulina sp. in water hyacinth bioextract.

This preliminary test was performed to select the optimal concentration of
water hyacinth bioextract for growth of Spirulina sp. The results of this test was
shown in the table 4.3, 4.4 and figure 4.1, respectively. ]
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Figure 4.1 Dry weight and pH of Spirulina sp.in water hyacinth bioextract at

various concentrations

The results showed that the of Spirulina sp. are grown well in water hyacinth
bioextract at concentration of 10 % and 15 %. These concentrations will be used to

find out the exactly concentrations of water hyacinth bioextract in the further

experiment.
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4.5 Growth of Spirulina sp. in water hyacinth bioextract.

The growth of Spirulina sp. as indicated by the yield of dry weight (mg/L) was
highest at concentration of 10% water hyacinth bioextract (Table 4.5,4.6 and Figure
4.2) ie., 1,232 mg/l. However there was no significantly different among the dry
weight of Spirulina sp. which grow at concentrations of water hyacinth bioextract.

Thus, the water hyacinth bioextract at the concentration of 10 % was used for

culture of Spirulina sp.
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Figure42  Dry weight and pH of Spirulina sp. in water hyacinth

bioextract at various concentrations

4.6 Growth of Spirulina sp. in Zarrouk medium

Spirulina sp. was grown in the different concentrations of Zarrouk medium i.e.,
25%, 50%, 75% and 100 %. There were significantly different between treatments.
The highest growth of Spirulina sp.was found at the concentration of 100 % of
Zarrouk medium (Table 4.7, 4.8 and Figure 4.3) with the dry weight was 4,507 mg/l.

Thﬁs, the Zarrouk medium at concentration of 75% was used in the next step
because the amount of nitrogen at this concentration was corresponding to the amount
of nitrogen in water hyacinth bioextract i.e., 0.3 g/l. This amount of nitrogen provide

the optimal growth of Spirulina sp.which resulted in low cost for investment.
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Figure 4.3  Dry weight and pH of Spirulina sp. in Zarrouk medium at various

concentrations

4.7 Effect of Ky HPO, on growth of Spirulina sp.

At various K,HPO4 concentrations, there were significantly different in term of
growth of Spirulina sp. The optimal growth was obtained at concentration of 0.5 g/L.
The highest yield was equal to 2,850 mg/L. and the percentage of protein was 53.85 %
(Table 4.9, 4.10, 4.11 and Figure 4.4, 4.5)

The protein content of Spirulina sp. in Zarrouk medium had more than that in
water hyacinth bioextract. It was indicated that Spirulina sp. could absorb nitrogen and

converted to be protein in Zarrouk medium better than in water hyacinth bioextract.
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Figure 4.4  Dry weight and pH of Spirulina sp. in water hyacinth bioextract at

various concentrations of K,HPQO, and 75 % Zarrouk medium
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Figure 4.5  Protein content in Spirulina sp. in water hyacinth bioextract at various

concentrations of KoHPQ, and 75 % Zarrouk medium
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4.8 Effect of Solution As on the growth of Spirulina sp.

Adding of 1 ml/L.of Solution As provided the highest growth of Spirulina sp.
which indicated by yield of protein as 67.93% and dry weight 4,342 mg/L. There were
no significantly different among all treatments. However this study indicated that
Spirulina sp. could absorbed nitrogen from water hyacinth bioextract in the highest
amount. So the solution As at the concentration of 1 ml/L provided the best results as
shown in Table 4.12, 4.13 and 4.14, and Figure 4.6, 4.7
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Figure 4.6  Dry weight and pH of Spirulina sp. in water hyacinth bioextract at

various concentrations of solution As and 75 % Zarrouk medium
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Figure 47  Protein contents in Spirulina sp. in water hyacinth bioextract at various

concentrations of solution As and 75 % Zarrouk medium.
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CHAPTER V
DISCUSSION

S.1 Analysis of heavy metal in water hyacinth

There were four elements i.e., Cu, Pb, Hg, and Ni being in water hyacinth
which exceeded than that being in surface water quality standards and one element as
Hg that exceed than the soil quality standards. This may be resulted the releasing of
the heavy metals from the manufactures and the road located near the sampling site.
Changes of metal uptake by plants were found to be corresponded to the industrial
activities. The interesting research was found that this contamination can be monitored

by using the root plants (35).
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Figure 5.1 The water hyacinth sampling area. *
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5.2 Growth of Spirulina sp. in water hyacinth bioextract

Preliminary experiments were done in order to select the optimum
concentration of water hyacinth bioextract for maximum growth of Spirulina sp. The
results showed that Spirulina sp. in water hyacinth at the concentration of 10% and
15% could grow better than those at 5% and 20%. This may be due to the water
hyacinth at the concentration of 10% and 15 % had the optimum amount of nutrient
and low turbidity. The concentration of water hyacinth bioextract at 5% and 20 % was
not available. The concentration of water hyacinth bioextract at 5% was probably due
to less amount of phosphate using in the medium. The concentration of water hyacinth
bioextract at 20% had high turbidity which caused decreasing of photosynthesis of
Spirulina sp. So, it was the reason to chose 10% and 15% of water hyacinth bioextract

in the next step.

From the study of growth of Spirulina sp. in water hyacinth bioextract at the
concentration of 10%, 12.5%, 15% and 17.5% it was found that the growth of
Spirulina sp. depended on turbidity of water hyacinth bioextract because Spirulina sp.
used uv-light in the process of photosynthesis. The availability of light to each cell in a
photoautotrophic culture was a function of the intensity and duration of light
irradiance as well as the concentration of cell that affected the extent of mutual
shading (2). The maximum duration of the light phase i.e., 2 pm.- 4 pm. n summer and
12 am.- 2 pm. in winter gave the highest photosynthesis efficiency as describe by
Vonshake ef.al.,1982 (18). This result was corresponding to Yamali et.al.,(38) they
treat the waste water from soybean manufacture by using green algae. Chlorella sp.
The algae was cultivated in wastewater of soybean with the optical density of 0.6, 0.8,
1.0 and 1.2 at 560 nm. It was found that Chlorella sp. grew well at the optical density
of 0.8 although the optical density of 1.0 and 1.2 had higher nutrient because steeping
water with such optical density had more turbidity and less intensity of light
penetrated through soybean for photosynthesis.

Zarrouk medium had nitrogen of about 0.411 g/L and phosphorous of about
0.09 g/L whereas water hyacinth bioextract had phosphoruos of about 354.74 pg/g.
The ratio of nitrogen to phosphorous was approximately 5:1 and 5: 6x10° for Zarrouk
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medium and water hyacinth bioextract respectively. These ratio indicated that water
hyacinth bioextract had rather less amount of phosphorous than that in Zarrouk
medium. Although water hyacinth bioextract had more amount of nitrogen, Spirulina
sp. could not grow well because it lacked some nutrient such as phosphorous.

Although 17.5 % water hyacinth bioextract had the highest nitrogen content,

Spirulina sp. could not grow in this concentration because the turbidity was high.

5.3 Growth of Spirulina sp. in Zarrouk medium.

The dry weight of Spirulina sp. at every concentration of Zarrouk medium was
detect after 14 days from the first day of culture. It was found that the increasing of
concentration of Zarrouk medium provided more yield of Spirulina sp. which
corresponding to the study of Phoopat et.al(33). They studied the cultivation of
Spirulina sp. in Zarrouk medium at the concentration of 25%, 50%, 75% and 100%.
They found that the dry weight of Spirulina sp. at the concentration of 25%, 50%,
75% and 100% Zarrouk medium was 1,300 mg/L, 2,200 mg/L, 3,200 mg/L and 4,100

mg/L, respectively

In the present study the concentration of Zarrouk medium at 75 % was used to
study the growth of Spirulina sp. Because the 10% water hyacinth has the total
nitrogen content was 0.328 g/L which approximately the same as that at presented in
75% Zarrouk medium i.e., 0.31 g/L.

5.4 Effect of K,HPO,

The amount of Spirulina sp. was previously detected by measuring the optical
density and dry weight. However both of these parameters could not indicated the
amount of nitrogen uptaked by Spirulina sp. This experiment was performed to
investigate how much Spirulina sp. absorbed the nitrogen into its cell. The obtaining
results can be provides the optimal nutrient content in water hyacinth bioextract for
cultivating Spirulina sp. which make low cost of investment. The protein content in
Spirulina sp. were also investigated.
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The determination of nitrogen and phosphorous in water hyacinth bioextract by
using kjeldahl method and ascobic acid method showed that water hyacinth bioextract
had enough total nitrogen content (0.328 g/l) but too less of total phosphorous content
(354.74 pg/g). Phosphorous was one of the major nutrient required for normal growth
of algae. Its play a major role in most cellular process, particularly involved in energy
transfer and nucleic acid synthesis(2,21). This was corresponding to Yamali et.al.,
(32) they found that Spirulina sp. can absorbed phosphorous into its cell because the
amount of supplementary phosphorous were decreased. In the present study the
various amount of K;HPO4 were used to enhance phosphorous content in water

hyacinth bioextract, compared with the amount of phosphorous in Zarrouk medium.

The results showed that Spirulina sp. could grow at various concentrations of
K;HPO,. This indicated by measuring the optical density at 560 nm. and dry weight.
However Spirulina sp., cultured in various concentration of water hyacinth bioextract,
had protein content less than that in 75% Zarrouk medium. From this result, it was
considered that Spirulina sp. could not assimilate nitrogen into its cell. Thus the

remainding of nitrogen in water hyacinth bioextract was found.

5.5 Effect of solution Ag

Spirulina sp. could grow at every concentration of solution As which indicated
by the measuring optical density, dry weight and protein content. Particularly, solution
As was the main solution to promote the nitrogen assimilation of Spirulina sp. because
the cells of Spirulina sp. in solution As added medium had higher protein than the cells
in medium without solution As

Spirulina sp. assimilated nitrogen into its cell and converted this nitrogen into
its cell approximately 60% (33,39). However it was considered to add solution As,
composed of essential element for growth of Spirulina sp. i.e., B, Mn, Zn, Cu and Mo.
These elements had the major role of nitrogen assimilation and protein synthesis of
algae (33)
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The trace elements belonging to this experiment were required in relatively
very small amounts of the concentration range from micrograme to miligrame per
1000 millilitresof culture medium. Because if Spirulina sp. assimilated trace element
into its cell at inappropriate amount, growth of Spirulina sp was decreased. Thus it
required very careful experimentation to establish their requirements by algal

species(2)
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CHAPTER VI
SUMMARY AND RECOMMENDATION

6.1 Summary

In the present study Spirulina sp. was cultivated in bioextract from water
hyacinth(Eichhornia crassipes), at various concentrations. The optimal formula is at
10% water hyacinth bioextract containing 4g/L. NaHCOs3, 0.5 g/L. K;HPO,4 and 1 mI/L
solution As and adjusted the initial pH to 8.4.

Such formula provided high yield of protein form Spirulina sp. as compared to
Zarrouk medium. The cost of Spirulina sp. cultivation in this medium was lower than
that in Zarrouk medium

Moreover Spirulina sp. cultivation in water hyacinth bioextract is more
facilitate than that in Zarrouk medium. Thus, it can be concluded that the water
hyacinth bioextract can be used to cultivate of Spirulina sp.

6.2 Recommendation
Results form this experiment were still not complete because it covered only

water hyacinth bioextract and cultivated Spirulina sp. in Batch culture. So the further
study be concerned;

6.2.1 Find out other method for preparing of water hyacinth before
fermentation that is more economic.

6.2.2 Find out other method for preparing of water hyacinth bioextract
by mixing various additives in fermentation process.

6.2.3 Cultivation of algae should be improved by using other strains
such as Chlorella, Scenedesmus.

6.2.4 Bioextract may be derived from other materials instead of water
hyacinth such as the product from other plants and animals.
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APPENDIX A
Zarrouk medium
Nutrient Quality (g/L)
NaHCO; 16.80
NaNO; 2.50
K,HPO, 0.50
NaCl 1.00
MgS04.7H,0 0.20
FeS04.7H;0 0.01
K2S04 1.00
CaChL.2H,0 0.04
EDTA 0.08
AS solution 1 ml/L
B6 solution 1 ml/L
AS solution : H3;BO; 2.86 g/L
MnCL.4H,0 1.80 g/L
ZnS0,4.7H;0 0.22 g/L
MoO; 0.01 g/L
CuS04.5H,0 0.08 g/L
B6 solution KH4VOs3 22.9 mg/L
NiSOs;.7H;0O 47.8 mg/L
Na; WO, 17.9 mg/L
Ti(SOs) 40.0 mg/L
Co(NO3),.6H,0 4.4 mg/L
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APPENDIX B

1. Total Nitrogen (Kjedahl Method)(40,41)
1.1 Apparatus
Digestion apparatus: Use Kjeldahl flasks with a capacity of 100 ml in a
micro Kjedahl digestion apparatus equipped with heating elements to accommodate
kjedahl flasks and a suction outlet to vent fumes. The heating elements should provide
the temperature range of 375-385°C for effective digestion
1.2 Procedure

1.2.1 Selection of sample volume: Determine the sample size from the

following tabulation
Organic Nitrogen in Sample (mg/L) Sample size (ml)
4-40 50
8-80 25
20-200 10
40-400 5

For sludge and sediment samples (water hyacinth bioextract) weight a portion of wet
sample containing between 0.2-2 mg organic nitrogen in a crucible or weighing bottle.
Transfer sample quantitatively to a 100 ml beaker by diluting it and rinse the
weighting dish several times with small quantities of water. Make the transfer using as
small a quantities of water as possible and do not exceed a total volume of 50 ml.
Measure dry weight of water hyacinth bioextract on a separate portion.

1.2.2 Ammonia removal: pipet 50 ml water hyacinth bioextract or an
appropriate volume diluted to 50 ml with water into a 100 ml beaker. Add 3 ml borate
buffer and adjust to pH 9.5 with 6 N NaOH, using a pH meter. Quantitatively transfer
water hyacinth bioextract to a 100 ml kjeldaht flask and boil off 30 ml. Distillation
following this direct digestion yield kjeldahl nitrogen concentration rather than organic

nitrogen.
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1.2.3 Digestion: carefully add 10 ml digestion reagent to kjeldahl flask
containing water hyacinth bioextract. Add five of six beads to prevent bumping during
digestion. Set each heating unit on the micro kjeldahl digestion apparatus to its
medium setting and heat flasks under a hood or with suitable ejection equipment to
remove fumes of SOs Continue to boil briskly until solution becomes transparent and
pale green and copious fumes are observed. Then turn each heating until up to its
‘maximum setting and digested sample by diluting and rinsing several times into micro
kjeldahl apparatus so that total volume in distillation apparatus does not exceed 30 ml.
Add 10 mi sodium hydroxide thiosulfate reagent and turn on steam.

1:2.4 Distillation: control rate of steam generation to boil contents in
distillation unit do that neither escape of steam from tip of condenser nor bubbling of
contents in receiving flask occurs. Distill and collect 30 to 40 ml distillate below
surface of 10 ml absorbent solution contained in a 125 ml Erlenmeyer flask. Use
indicating boric acid for a titrimetric finish. Use 10 mi 0.04 N H;SO, solution for
collecing sistillate for the phenate jor electrode methods. Extend tip of condenser well
below level of absorbent solution and do not let temperature in condenser rise above
29°C. Lower collected distillation free of contact with condenser tip and continue
distillation during last 1 or 2 min to cleanse condenser.

1.2.5 Calculation: prepare standard curves by plotting response of
standards processed through the manifold against nitrogen concentration in standard.
Compute sample nitrogen concentration by comparing sample response with standard

curve
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2. Total Phosphorus (Ascobic Acid Method)(40,41)
2.1Apparatus
2.1.1 Colorimetric equipment
1) Spectrophotometer, with infrared phototube for use at 830
nm., providing a light path of 2.5 cm. or longer.
2) Filter photometer, equipped with a red color filter and a light
of 0.5 cm.or longer. ’
2.1.2 Acid washed glassware
2.2 Reagents

2.2.1 Sulfuric acid, H,SO,4 5SN: Dilute 70 ml. conc H,So4 to 500 ml.
With distilled water

2.2.2 Potassium antimonyl tartrate solution: Dissolved 1.3715 g
K(SbO)C4H406.1/2H,0 in 400 mi distilled water in al 500 ml. Bolumetric flask and
diluted to volume. Store in a glass stoppered bottle.

2.2.3 Ammonium molybdate solution: Dissolve 20 g
(NH4)sM07024.4H,0 in 500 ml distilled water. Store in a glass stoppered bottle.

2.2.4 Ascobic acid, 0.1 M :Dissolve 1.76 ascorbic acid in 100 ml
distilled water. The solution is stable for about 1 week at 4 °C .

2.2.5 combined reagent: Mix the above reagent in the following
proportions for 100 ml. of the combined reagent :50 ml 5 N H2SO4 ,5 ml Potassium
antimony] tartrate solution, 15 ml anmonium molybdate solution, and 30 ml ascobic
acid solution. Mix after addition of each reagent. Let all reagent reach room
temperature before they are mixed and mix in the order given. If turbidity forms in the
combined reagent, shake and let stand for a few minutes until turbidity disappears
before proceeding. The reagent is stable for 4 h.

2.2.6 Stock phosphate solution: Dissolve in distilled water 219.5 mg
anhydrous KH,PO,4 and dilute to 1000 ml ;1.00 ml= 50 ug PO43' -P.

2.2.7 Standard Phosphate solution: Dilute 50.0 ml stock phosphate
solution to 1000 ml with distrlled water; 1.00 ml = 2.50 ugP.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Appropriate Technology) / 63

2.3 Procedure

2.3.1 Treatment of water hyacinth bioextract: Pipet 50.0 ml sample into
a clean dry test tube or 125 m! erlenmeyer flask. Add 0.05 mi(1 drop) phenolphthalein
indicator. If a red color develop ass 5 N H2S04 solution drop wise to just discharge
the color. Add 8.0 ml combined reagent and mix thoroughly. After at least 10 min but
no more than 30 min, measure absorbance of each sample at 880 nm, using reagent
blank as the reference solution

2.3.2 Correction for turbidity or interfering color: Natural color of
water generally does not interfere at the high wavelength used. For highly colored or
tubid water, prepare a blank by adding all reagents except ascorbic acid and potassium
antimony! tartrate to the sample. Subtract blank absorbance from absorbance of each
sample.

2.3.3 Preparation of calibration curve: Prepare individual calibration
curves from a series of six standards within the phosphate ranges indicated in J1c
above. Use a distilled water blank with the combined reagent to make photometric
readings for the calibration curve. Plot absorbance vs phosphate concentration to give
a straight line passing through the origin. Test at least one phosphate standard with
each set of water hyacinth bioextract(sample).

2.4 Calculation
mg P/L= mg P( I approximately 58 ml final volume) x 1000

ml sample
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3. Heavy metal (Inductively Coupled Plasma (ICP Method)(40,41)

To reduce interference by organic matter and to convert metal associated with
particulates to a form (usually the free metal) that can be determined by Inductively
couple plasma. Use the least rigorous digestion method required to provide complete
and consistent récovery compatible with the analytical method and the metal being and
analyzed.

3.1 Digestion for Metals

Procedure: Total HNOs/ HCI : Transfer a measured volume of well-
mixed, acid-preserved sample of water hyacinth appropriate for the expected metals
concentrations to a flask or beaker. Add 3 ml conc HNOs. Place flask or beaker on a
hot plate and cautiously evaporate to less than 5 ml, making certain that sample does
not boil and that no area of the bottom of the container is allowed to go dry. Cool and
add 5 ml conc HNO;. Cover container with a watch glass and return to hot plate.
Increase temperature of hot plate so that a gentle reflux action occures. Continue
heating, adding additional acid as necessary, until digestion is complete (generally
indicated when the digestate is light in color or does not change in appearance with
continued refluxing). Evaporate to less than 5 ml and cool. Add 10 ml i+ 1 HCI and
15 ml water per 100 ml anticipated final volume. Heat for an additional 15 min to
dissolve any precipitate or residue. Cool, wash down beaker walls and watch glass
with water, filter to remove insoluble material that could clog the nebulizer, and
transfer filtrate to a 100 ml volumetric flask with rinsings. Alternatively centrifuge or
let settle overnight. Adjust to volume and mix thoruoghly.

Recoverable HNO3/HCI: For this less rigorous digestion procedure, transfer a
measured volume of well-mixed, acid preserved sample to a flask or beaker. Add 2 ml
1+ 1 HNO; and 10 ml 1+1 HCI and heat on a steam bath or hot plate until volume has
been reduced to near 25 ml, making certain sample does not boil. Cool and filter to
remove insoluble material or alternatively centrifuge of let settle overnight. Transfer

sample to volumetric flask, adjust volume to 100 ml, and mix.
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4. Moisture (42)

Weight 10 g of water hyacinth into the crucible. Record the weight of crucible
plus the sample. Dry in an oven at 101-105 °C to constant weight, allowing at least 2
h(preferable overnight) Remove and cool in dessicator. Record the weight of the
crucible plus contents after drying and calculate the moisture of the product. Where
overnight drying has not been undertaken, the drying process should be repeated for
further 30 min periods until successive weighting differ by less than 0.1 of the original

of water hyacinth product.
Calculate the percentage of moisture is calculated as follow:
Moisture (%) = c2-c3x 100
C2- Ci

Where c,= initial weight of empty crucible + water hyacinth, c;= weight of
crucible + water hyacinth product + water hyacinth before drying, cs = final weight of
crucible + water hyacinth product + water hyacinth before drying.

5. Protein (42)
5.1 To 100 ml. Kjedahl method flask add 0.6 g selenium mixture.
5.2 Weigh Spirulina sp.powder 0.06 g in aluminium foil and transfer
o a digestion tube using boiled distilled water. g
5.3 Rinse 4 ml. 98 % H,SO4 slowly into the digestion tube.
5.4 Digest gently on the Kjeldahl digestion apparatus until the solution is clear,
cool to room temperature.
5.5 Rinse with 20 ml distill water and continue digestion for 1 hr. redigest
with 1-2 ml. conc. H,SO4 and let it into cool to room temperature.
5.6 Add approx. 30 ml. distill water and 2-3 drops of Tarchiro indicator
5.7 To 100 ml. Erlenmeyer flask pipette 10 ml. of 4% H3BOs, 2-3 drops of
tarchiro indicator and dip the condenser into the boric solution.
5.8 Distill by adding 30 ml. of 50% NaOH, the condensed nitrogen was
catched by 4% Boric acid.
5.9 distill till 40 ml condensate is obtained, then rinse the tip of condenser with
boiled distill water.
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5.10 Tirtate NH,4" in boric acid with 0.02N H,SOj4 until end point.
Compare the color with blank
5.11 Calculate the nitrogen content and hense the protein content of Spirulina

sp. given that:

% Crude Protein =  Normal x m! x M Nitrogen x Factor x 100
1000 x weight of sample in grams
where ml = volume (ml) of 0.02 N sulphuric acid used in
titration;

and Factor = 6.25
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