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ABSTRACT 

The effects of light intensity and initial 

concentration of Spirulina platensis on growth were 

investigated. Light intensity levels were varied between 2 

to 8 klux in steps of 2 klux. Light was supplied by 40-Watt 

fluorescent tubes. Initial Spirulina platensis 

concentrations investigated were 100, 200, 400, and 600 

mg/L. The medium used for Spirulina platensis growth was a 

modified Zarrouk medium. Light radiation levels were 

controlled by exposing algae to light within specific area 

on a surface with a (1 mm) depth of culture. Also, by 

controlling the velocity flowing on the glass plate exposed 

to the light source, calculations of light radiation input 

to the culture were possible. 

The biological clock of Spirulina, in a 400 mg/L culture 

under 4 klux of light, was investigated to determine the 

appropriate time length for each trial to be conducted in 

the main experiment. There was a distinct dial pattern of 

growth between the hours of 0800 and 1100. Results showed 

that the first 3 hours of growth represented a maximum 

growth of the culture. 

Since Spirulina used in the main experiment were taken 

from a nutrient and light energy deficient culture, starved 

culture, verification of the effect of using the starved 

culture on the biological clock of growth was needed. 
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Therefore, three tests were conducted in duplication of 2, 

3-hour time periods each, starting at the hours of 1100, 

1530, and 1900, which represented the low algae production 

periods of the biological growth clock. Results showed that 

the time of day the tests were conducted had no effect on 

the 3-hour growth results, where initial Spirulina 

concentrations were supplied from nutrient and light energy 

deficient stock culture. Statistical analysis showed no 

significant differences between treatments at the low algae 

production times at a=O.Ol. Therefore, data for the main 

experiment were collected without regard of the time of day. 

For the main study, each treatment level was allowed to grow 

for 3 hours. 

Results proved that within the ranges of light 

intensity and algae concentration levels tested, an algae 

concentration of 400 mg/L provided the maximum growth 

conditions under any of the light intensity levels examined. 

Results were based on the net increase in algae 

concentration for the 3-hour time periods. Also, analysis 

of variance test for the data showed significant differences 

among treatment levels at the a=O.Ol level. 
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CHAPTER I 

INTRODUCTION 

Lack of food resources and the overwhelming population 

increase have caused an astounding fear about the future of 

the earth. The food shortage crisis has stimulated 

researchers trying to produce food with high protein content 

from microalgae cells, which had not been considered until 

the early twentieth century. 

In 1917, production of Chlorella, a unicellar green 

algae, seemed to be a possible solution to the potential 

food shortage problem in developing countries. Mass 

production of Chlorella was first developed by Dr. Lindner 

(Nakamura and Hill, 1970), yet expensive harvesting caused a 

delay in commercial mass production. 

In recent years, the interest for algae culture 

development turned to Spirulina platensis, instead of 

Chlorella. A question could be raised as to why Spirulina, 

and the answer for can be concluded from the life of the 

Mayan tribe (Nakamura and Hill, 1970). In ancient times, 

the Mayas in Mexico used Spirulina in prepared food as part 

of their daily diet. The Maya tribe regarded Spirulina 

platensis food as an important source of protein. 
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Spirulina platensis is defined as a blue-green 

microalgae (Cyanobacteria), photosynthetic, and non-vascular 

plant that contains at least one pigment, Chlorophyll-a 

(Vonshak et al., 1982). Spirulina platensis has a high 

protein content (57% to 64%, dry weight basis), an excellent 

amino acid content, high pigment content especially 

carotenoids, good digestibility, and absence of toxic 

compounds (Ayala, 1984). For example, protein content in 

Spirulina is extremely high in comparison with common foods 

(Table 1.1). Table 1.2 gives the organic content of 

Spirulina. 

There are several parameters involved in enhancing or 

retarding growth of Spirulina platensis. Two of the most 

important parameters required for growth are light energy 

and algae concentration in the media. The interaction 

between these two parameters is controlling the optimization 

of spirulina platensis yield. Therefore, investigating the 

effect of light energy and initial algae concentration 

effect on growth is essential for better understanding of 

the growth process. 



Table 1.1: Comparison of Protein Content for Common Food 
and Algae. 

Product % protein, dry weight 

Spirulina 62 - 68 

Chlorella 40 - 50 

Soybean 39 

Beef 18 - 20 

Egg 18 

Fish 16 - 18 

Wheat 6 - 10 

Rice 7 

Potato 2 

Source: Nakamara and Hill, 1970. 
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Table 1.2 : Comparison of the Amount of Organic Substances 
and Typical Vitamins and Pigments among 
Spirulina, Chlorella, and Soybean (Dry Weight 
Basis). 

Compound seirulina Chlorella Soybean 

Protein % 62 - 68 40 - 50 39 

Carbohydrate % 18 - 20 10 - 25 36 

Lipids % 2 - 3 10 - 30 19 

Vitamins pro A,B1,B2, pro A,Bl,B2, Bl,B2,B3 
B6,Bl2,C B, Nicotinic 

acid 

Pigments Chlorophyll Chlorophyll 
Xanthopyll Xanthophyll 
Carotene Carotene 
Phycocyanin 

Source: Nakamura and Hill, 1970. 
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1.1 Objectives 

The overall purpose of this study was to investigate 

the effect of light intensity and initial concentration of 

Spirulina platensis on its growth. The objectives are: 

(a) to identify the effect of the time of day on 

maximum growth of Spirulina by investigating 

the biological clock effect; 

(b) to compare the effect of using an algae culture 

that is both nutrient and light deficient on 

growth of algae·for a 3-hour period to the 

circadian growth period; 

{c) to investigate and monitor Spirulina platensis 

growth under four levels of light radiation 

{calfcm2 ) provided; 

{d) to identify the optimum condition for Spirulina 

growth considering its initial concentration and 

light energy provided using a synthetic nutrient 

medium (Zarrouk medium). 

5 



CHAPTER II 

LITERATURE REVIEW 

2.1 Zarrouk Medium 

There are many different media used for the 

cultivation of Spirulina platensis under laboratory 

conditions. Most media are modified from previous 

research. Some of these media are derived from the analysis 

of water from the native habitat and ecological 

considerations (Vonshak, 1986). Only a few mediums are the 

result of a detailed study on the nutrient requirements of 

Spirulina platensis. A seawater-based medium for Spirulina 

platensis has been used successfully by Borowizaka (1984). 

Components of the modified Zarrouk medium are shown in Table 

2.1. 

2.2 Measurements and Methods 

Measurements of algae in culture can be accomplished by 

using several methods. These methods include: 

(1) dry weight; 

(2) direct microscopic counting of cells; 

(3) absorbance; and 

(4) chlorophyll fluorescence. 

6 



Table 2.1 : Modified Zarrouk Medium Used for Culture of 
Spirulina platensis. 

Added to 1 liter of distilled water 

NaCl 1.0 g 

K2S04 1.0 g 

KN03 3.0 g 

H3P04 0.25 ml 

NaHC03 48.8 g 

EDTA 0.08 g 

FeS04 • 7H20 0.01 g 

Trace-element solation A 1.0 ml 

Trace-element solation B 1.0 ml 

* Trace-element solution A (to make 1 liter} 

H3B03 2.86 g 

MnC12 1.81 g 

ZnS04 • 7H20 0.22 g 

cuso4 • 5H20 0.079 g 

Mo03 0.015 g 

* Trace-element solution B (to make 1 liter} 

NH4V03 22.96 mg 

Ca2 ( S04 ) 4 • 24H20 96.00 mg 

NiS04 • 7H20 47.85 mg 

Na2W04 • 2H20 17.94 mg 

Co (N03 } 2 • 6H2 0 
43.98 mg 

source: Borowizaka, 1984 
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2.2.1 Dry Weight Method 

Using the dry weight method to determine algae 

concentration, according to Gideon (1979), will not give 

accurate measurement in most cases, because the total 

suspended solids did not prove to be representative of the 

determination of algae biomass. Also, the existence of a 

large portion of very small particles of refractory organic 

materials will result in misleading determination of algae 

concentration, because dry weight of refractory organics 

would be falsely considered as algae weight. Therefore, the 

dry weight method should be used only with either relatively 

dense cultures or large volumes of cultures (EPA, 1970) or 

those free from a high fraction of suspended organic solids, 

otherwise the measurement error will be large. 

2.2.2 Direct Counting 

There is difficulty associated with direct counting of 

cells. This difficulty includes the variation in length 

from one algal cell to another (Figure 2.1) resulting in 

errors associated with automatic counting. Also, 

interference of bacterial species present in algae cultures 

will result in misleading readings. 



Fiqure:2.1 Microscopical Photograph of Spirulina platensis 
in CUlture (Nakamura and Hills, 1970). 

9 
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2.2.3 Absorbance 

There are some restrictions for using the absorbance 

method. Representative measurement is limited to a range of 

0.05 < D < 1, where Dis the optical density (EPA, 1971). 

The reason for these limits is that for particulate 

suspensions the linearity between D and concentration holds 

only over a limited range (EPA, 1971). On the other hand, D 

and cell concentration (X) will be dependent upon culture 

conditions. The concentration of refractory organics and 

inorganic suspended solids other than algae will affect the 

optical density. 

2.2.4 Chlorophyll Fluorescence 

Chlorophyll fluorescence has been reported to be the 

most sensitive method to determine algae concentration (EPA, 

1971). The reason for measuring chlorophyll-a is that it is 

the dominant chlorophyll pigment that occurs in greater 

abundance over other chlorophylls, such as chlorophyll-b 

and -c (Wetzel and Likens, 1990). Therefore, determination 

of algal concentration is more detectable when considering 

chlorophyll-a. 

Existence of other chlorophyll organisms such as 

oscillatoria (Cyanobacteria) cannot be separated from 

spirulina platensis media during the fluorometric 
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measurements. The presence of Oscillatoria in a sample will 

result in misleading chlorophyll readings of Spirulina. 

Reviewing all four methods discussed, some error is 

inherent within each method. Consequently, there is no best 

way to identify Spirulina platensis concentration 

individually. The presence of other organisms in the same 

medium that contain chlorophyll pigments without running a 

series of tests to isolate the single species will result in 

interference in reading algae concentrations. 

2.3 Culture Systems 

Algae behave as simple microorganisms undergoing a 

simple asexual life cycle multiplying only by cell division. 

Algae may be grown in three types of culture systems: 

(1) batch culture system; 

(2) continuous or semi-continuous culture 

system; or 

(3) chemostat culture system. 

2.3.1 Batch Culture System 

A batch culture is initiated by the transfer of a small 

portion of a culture into a medium, resulting in growth and 

an increase in biomass as substrate is utilized. The rate 

of increase in biomass concentration is generally expressed 

by the growth rate constant(~), which is calculated 

according to the following equation: 



~ = (dX/dt) * 1/X 

where: 

X - initial biomass concentration, mg/L; 

2.1 

~ - increase in biomass per unit time per average 

biomass concentration, the units are t-1 , and 

t - time, h. 

12 

Equation 2.1 shows that growth rate is dependent on the 

initial biomass concentration, X. In order to determine the 

light radiation effect on growth, all limiting factors 

should be completely isolated. One reason for not using 

this system is the effect of the three-dimensional radiation 

on the culture. This kind of effect will complicate the 

calculations of radiation the culture receives on unit 

basis, mgjL. 

2.3.2 Continuous culture System 

There are two types of continuous culture systems. The 

first type is the semi-continuous culture, which is a type 

of batch culture diluted at frequent intervals. Nutrients 

in this system are always non-limiting. The biomass 

concentration in these culture systems must be monitored, so 

that the frequency of dilution and the dilution ratio 

(volume of culture: volume of new medium) can be determined 

(Coombs, 1982). 
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The second type of culture systems is similar in nature 

to a semi-continuous culture. The only difference is that 

the monitoring of the biomass is not performed manually but 

by an optical device that controls the dilution rate 

maintaining the culture at a preset optical density and, 

thus, a constant biomass concentration (Coombs, 1982). 

2.3.3 Chemostat Culture System 

The principle of the chemostat culture is based on the 

relationship between growth rate of the organism being 

studied and a limiting nutrient. This limiting parameter 

regulates the growth rate in such a way that it matches a 

preset constant dilution rate. The chemostat represents the 

most simple of the continuous culture devices because the 

regulatory mechanism is dependent on the metabolism of the 

organisms. The chemostat is the only culture method from 

which data can be obtained on the relationship between 

growth and a growth limiting parameters of an organism. The 

chemostat system consists of a reservoir containing the 

nutrients that are pumped into the culture medium (Figures 

2.2 and 2.3). The culture flow leaves the vessel at the 

same rate as the new medium is fed into the vessel by the 

flow device (Coombs, 1982). In both chemostat and 

continuous culture, the rate of cell production is equal to 

the rate of cells lost through the over flow. Hence, when 

the flow rate (pumping rate), f = dvfdt 



•••••••••••••• ·······dilution • • • • • • • 
• • 

rate 

; ,,. ___ uptake ··-----~~ i 
(nutrienD BIOMASS 

......_. __ • growth rate----'J 
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Figure 2.3 The Control Cycle in a Chemostat System.· 

J I 
1 
Pump

1 

. 

~-------------

Nutrient Culture 

Figure:2.4 Schematic Diagram of a Chemostat Cell Culture 
System. 
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(where v is the culture volume) and dilution rate, D - fjv, 

are at steady state; 

~ * X - D * X 2.2 

or ~ - D. 2.3 

According to the previous explanation about chemostat 

and continuous culture systems, the growth rate of Spirulina 

platensis is independent of initial biomass concentration 

(X) of the culture. 

2.4 Growth Limitations 

As previously stated, animal waste medium is considered 

one of the best medium to grow Spirulina platensis. Animal 

waste contains a large portion of macro- and micro-nutrients 

required for algae growth. Yet, growth is based not only on 

nutrients, but also on light energy input, which drives the 

photosynthesis process. In addition to these parameters, 

physical culture characteristics must be considered for 

artificial cultivation. These characteristics include: 

(1) aeration, (2) temperature, (3) pH and alkalinity, and 

(4) the degree to which a mono-algal culture is maintained 

(Nakamura and Hills, 1970). 
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2.4.1 Nutrients 

In order to study the effect of light energy, the 

principle component of the photosynthesis process, all 

nutrients should be added in excessive amounts to avoid any 

data noise caused by a deficiency of a single nutrient 

required for growth (Goldman, 1979). The most favorable 

productivity of Spirulina platensis was obtained at a 

nitrogen/phosphorous ratio of 5.5:1 (Adriana et al., 1982). 

In order to determine the effect of light on growth, 

nutrients will be added in excessive amounts to the media 

maintaining the N:P ratio of 5.5:1. This procedure will 

eliminate growth limitation due to a lack of nutrients while 

observing the effect of photosynthesis. 

2.4.2 Photosynthesis 

The term photosynthesis means synthesis with the help 

of light. This term generally describes the synthesis of 

organic matter by plants. Simply, photosynthesis creates 

living matter out of inert inorganic materials (C02 and H20) 

(Herman, 1984). 

2.4.3 Light Energy 

During the photosynthesis process, plants trap and 

convert solar energy into chemical energy required to 

support the metabolic functions of living organisms. Light 

energy estimation is based on wavelength (A) 



E - he/ X 

where: 

17 

h= Planck's constant which has the dimensions of energy 

multiplied by time, 1. 54 8 * 10 ·37 kcal/ sec; 

c= Light speed in a vacuum, 3*108 mfsec; 

X= Light wavelength, nm. 

According to the nature of the conversion process, 

sunlight is the base of light energy input to the algae 

culture. Consequently, total energy to the medium is not 

based on a specific wavelength, but based on the light 

energy from the spectrum studied within the ultraviolet (UV) 

through infrared (IR) wavelength. Light energy differs from 

one wavelength to another when light energy is expressed in 

kcal/Einstein (Table 2.2). A light ray consists of a number 

of Einstein units. An Einstein is a unit for light mole, 

which contains 6.023*10n photons (Herman, 1984). Each 

photon has a different light energy according to its 

wavelength, as shown in Table 2.2. Therefore, observing 

growth as a function of light energy at each wavelength 

energy is not practical. Because collected light energy to 

spirulina platensis cultures comes from sunlight, which 

consists of a variety of wavelengths carrying different 

amounts of light energy, investigating algae growth under a 

specific wavelength is not appropriate. 



Table 2.2: Color and Energy of Light for Specific 
Wavelengths within a Color Spectrum. 

Wavelength 
Range, nm 

Less than 400 

400-425 

425-490 

490-560 

560-585 

585-640 

640-740 

Above 740 

Color 

uv 

Violet 

Blue 

Green 

Yellow 

Orange 

Red 

IR 

Source: Herman, 1986 

Energy of representative 
Wavelengths 

Kcal/Einstein eV/photon 

112.5 (254 run) 4.88 

69.7 (410 run) 3.02 

62.2 (460 nm) 2.70 

55.0 (520 run) 2.39 

49.3 (580 nm) 2.14 

46.2 (620 nm) 2.00 

42.1 (680 nm) 1.82 

20.4 (740 nm) 0.88 

18 
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Solar energy can be easily measured as net radiation 

(calfcm2) on a surface. Knowing the surface area that is 

exposed to sunlight, the total radiation input to a culture 

can be determined. The thermodynamic efficiency (Eq) of 

solar or light radiation used for photosynthesis differs 

according to the wavelength of light. Goldman (1978) found 

that the overall efficiency of quantum efficiency in a 

wastewater medium throughout the spectrum wavelength of 

400-700 nm varied slightly between 0.18-0.27 (Fig.2.4). The 

thermodynamic efficiency is based on the minimum quantum 

yield in photosynthesis (kcalfmol) and the needed quantum 

for complete photosynthesis. 

Most experiments studying the effect of light on 

Spirulina platensis growth have considered light intensity 

as their index of growth with no specific data about culture 

depth reported. An example of these studies is in Becker 

and Venketeraman (1984). He observed that Spirulina culture, 

especially in low concentration, are susceptible to light 

intensities higher than 50 klux. Kunhi et al.(1982) found 

that 30-40 klux were found to be optimal for growth. 

However, the relationship between light radiation (calfcm2
) 

and spirulina platensis concentration and depth of the 

culture remained not clear. 
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In terms of energy, light intensity has no relationship 

to wavelengths. As long as energy is to be calculated in 

relation to a specific wavelength, the light intensity 

approach appears to be not the most appropriate term for 

describing Spirulina platensis growth response to light 

energy input. Therefore, considering solar radiation as the 

light energy indicator is suitable for observing growth 

under light limitations. By knowing exactly the time period 

algae will be subjected to light, radiance (calfcm2
) can be 

calculated by multiplying the light intensity by the time 

period algae is exposed to the light source. 

2.4.4 Biological Clock of Algae 

Daily and seasonal changes in the environment control 

many biological functions (see review by Parker, 1984). 

Both circannual and circadian rhythms are endogenous or free 

running under constant conditions. Light is one of the 

environmental parameters that affects Spirulina platensis 

growth. Therefore, growth response due to light energy will 

be affected by the biological clock of Spirulina platensis. 

In normal alternating periods of light and darkness, 

maximum growth occurs at about midday for Chlorella and 

somewhat after midday for Gonyaulax (Lewin, 1962). 

Therefore, various species of algae will have peak periods 

of growth at slightly different times during the day. 

In order to determine the growth of Spirulina platensis 
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through the day and the peak growth due to a given light

dark cycle, a study investigating the biological clock of 

algae will be conducted. The main reason for such a study 

is to determine when maximum growth will occur. Results of 

experimental work done for Chlorella showed that maximum net 

growth occurs in the first hour of light under a light-dark 

cycle of 16:8 based on the 24-hour clock (Edmonds, 1984). 

2.4.5 Alkalinity and pH 

The hydrogen ion concentration (pH level) is 

considered to be one of the most important parameters in the 

system for growing algae. To allow a selective environment 

for Spirulina platensis, pH must be maintained within a 

specific level, 9.2-10.5. Therefore, monitoring pH values 

is very important, because pH that is too high or too low 

could cause the Spirulina platensis culture to collapse 

(Fulks, 1991). 

Spirulina species grow in a media containing high 

quantities of bicarbonate, which give algae a high alkaline 

medium and consequently, high pH. Yet, a very high pH value 

can deteriorate Spirulina cultures. Obviously, alkalinity 

and pH are related to each other, where media having a 

pH > 7 are considered alkaline medium, and those having a 

pH < 7 are considered acidic. Several investigations have 

reported the optimal pH level or the optimal bicarbonate 

concentration for growth of Spirulina platensis. 
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In Mitchell and Richmond's (1988) studies, the optimal pH 

was found to be 9.4 for Spirulina platensis; however, when a 

Zarrouk medium was used, the optimal pH was 10.4. Becker 

(1984) reported a pH of 10.8 to be limiting for Spirulina 

platensis growth. Considering the bicarbonate 

concentration, Spirulina platensis can tolerate 

approximately 50 g/L NaHC03 without measurable harm (Becker, 

1984). 

2.4.6 Maintaining a Mono-algal System 

To maintain a selective environment, there are several 

methods that can achieve a mono-algal culture. The most 

widely used method is to increase the bicarbonate (HC03 ) 

concentration, which will increase the pH value and 

Spirulina platensis will utilize the inorganic carbon as its 

primary energy source for photosynthesis (Richmond, 1986). 

When algae utilize HC03 ions, C02 concentration will decrease 

in the solution, which will result in increasing the pH 

(Oswald, 1960). Values of pH higher than 10.8 were found to 

be harmful to Spirulina growth (Richmond, 1986). 
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2.4.7 Temperature 

Spirulina is considered to be mesophilic algae. It can 

tolerate temperatures as high as 40°C and down to 20°C 

(Becker, 1984). Wohlt (1990) found the optimum temperature 

for growth was 35°C. Also, the maximum biomass yield was 

found to be at 35°C (Tomasell, 1987). 

2.4.8 Mixing and Aeration 

The crop of Spirulina must be agitated for several 

reasons: 

1. to obtain homogeneous photosynthesis; 

2. to maintain equal distribution of temperature throughout 

the culture; and 

3. to keep both nutrients and cells homogeneously 

distributed, promoting uniform nutrient utilization and 

light absorption. 

According to Fulks (1991), large bubbles achieve the highest 

degree of mixing, whereas small bubbles are the best for 

diffusing gases to a liquid media. 



CHAPTER III 

EXPERIMENTAL DESIGN AND EQUIPMENT 

The experimental study was developed to determine the 

effect of light on the growth of Spirulina platensis. Two 

major effects should be dealt with in order to achieve this 

objective. 

The first effect is the three-dimensional energy input 

to the culture if the stock culture is in a flask. This 

type of effect will be eliminated by pumping the culture 

from a storage tank (C) over a sheet of glass (B)and back to 

the tank as shown in Figure 3.1. The light source will be 

projected only to the glass sheet, where the culture is 

allowed to flow. Therefore, the culture will be subjected 

to a two-dimensional or areal energy input allowing the 

determination of the energy input to the culture in terms of 

calories. 

The second effect is how the concentration of Spirulina 

platensis changes growth or the light energy consumption 

through photosynthesis. Ignoring the effect of Spirulina 

platensis concentration·variation while varying only light 

input will result in a biased evaluation of growth as a 

function of light energy input. In order to study the 

effect of light energy input, Spirulina platensis 

concentrations were kept at a near constant level. 

25 
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Each microorganism has its own activity pattern 

throughout the day. Some microorganisms could have peak 

activity early in the day. Others would peak at different 

times of the day depending on the microorganism itself. 

Organism activities include general growth, metabolism or 

any other aspect of the life pattern. 
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In order to eliminate the effect of the circadian clock 

of Spirulina platensis, a study was conducted to determine 

the activity pattern of Spirulina throughout the day. The 

results of this study was used for the determination of the 

best time length for Spirulina growth to be used in the 

light energy input and initial algae concentration 

investigation. The biological clock study was conducted 

under 4 klux light intensity and an initial algae 

concentration of 400 mgfL. Algae culture was supplied from 

a nutrient deficient culture. Concentration increases of 

algae was measured on an hourly basis. 

Another investigation was conducted, in order to 

determine the effect of using a nutrient and light deficient 

culture on the elimination of the circadian activity of 

spirulina. The experiment was conducted at different times 

of the day where Spirulina activity was found to be minimum. 

The reason for conducting this investigation is to determine 

weather or not peak activity of algae can occur at any time 

of the day, if a nutrient deficient culture is used. 



For this research, four concentrations of Spirulina 

platensis were examined. Richmond (1984) determined that 

the optimum algal growth would be obtained with algae 

concentrations between 400 mg/L and 500 mg/L at 34 klux 

light intensity. 

28 

According to the experimental design, a light intensity 

of 34 klux was not appropriate for a very thin layer of 

Spirulina platensis (1 mm), such as the growth system used 

in this study. With such a thin layer of algae cells 

exposed to light, much less light is needed for growth. 

Light energy is inversely proportional to the square of the 

distance from the light source. This physical rule is the 

proof that the light needed for growth in a thin layer 

system depends on the depth of the culture and algae 

concentration in the culture. Also, high light intensities, 

such as 34 klux supplied by 300-Watt clear incandescent 

lamps providing 5,950 lumens (Butchbaker, 1977), caused 

evaporation of the Zarrouk medium water and thus, mortality 

of the Spirulina platensis culture. Therefore, the use of 

incandescent lamps was not appropriate for the culture 

system used in this study. 

According to the facts listed above, the use of high 

light intensities is not appropriate for the system and 

cool light should be used to avoid culture loss due to 

evaporation. Therefore, two 40-Watt, 122 em, (48-inch), 

long cool white fluorescent tubes were used in this 
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experiment. The two fluorescent tubes provided about 2,550 

lumens of light each (Butchbaker, 1977) to allow the culture 

to be exposed to light intensities between 2 and 8 klux. 

The equipment used for this study was chosen to achieve 

the most desired physical conditions for algae growth under 

near natural conditions. The list of equipment used was as 

follows: 

1. culture tank, 280 cm3 in volume, 

2. 0.75 em (0.3 inch) diameter plastic tubing, 

3. freezer-capable of freezing to -10°C (l4°F), 

4. illumination, two 40-Watt fluorescent tubes, 

5. centrifuge-capable of centrifuging at rate of 5000 

r.p.m and driving force= 27,000 * g, 

6. 30-mL centrifuge tubes, 

7. fluorometer, (SEQUOIA-TURNER Model 450 Digital), 

8. electric balance, 

9. air lift pump, 

10. glass plate, 

11. black paint, 

12. light meter, and 

13. Zarrouk medium. 
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Temperature and aeration were two of the most important 

parameters for Spirulina platensis growth, and both were 

kept constant. The temperature of the system was kept 

constant, 23°C (74°F) in all experiments by using the 

laboratory room temperature control. The temperature was 

measured with a standard mercury bulb thermometer. 

A light fixture was hung over the culture apparatus and 

the whole apparatus was covered with white cloth to reflect 

light into the media. Fluorescent lamps were cleaned once 

every 2 days to remove any dust accumulation on the lamps. 

In this study, Spirulina platensis concentrations at 

the beginning of each test was known and fixed for each 

level of light intensity investigated. Consequently, light 

was the sole limiting parameter in the system, while 

investigating the effect of a specific concentration on 

growth. Algae concentrations were determined at the 

beginning and at the end of each 3-hour treatment period. 

Growth rate of Spirulina platensis (mass/time) was 

calculated as follows 

g = (Xl -X) I T 3.1 

where: g - growth rate of Spirulina platensis mg/L-hr 

x
1 

- concentration of algae after time (T) of growth 

(mg/L); 

x - concentration of Spirulina platensis at the 

start of the experiment (mg/L); 

T - time of each growth period, hr. 
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By monitoring the increase in algae concentration for 

each treatment, calculations to identify the average growth 

rate of Spirulina platensis were obtained. This manner of 

data collection assured a representative trend or 

relationship between light intensity versus Spirulina 

platensis growth rate. Data were collected at four light 

intensity levels and four different levels of initial 

Spirulina platensis concentrations, as shown in Table 3.1, 

with a minimum of two replicates for each treatment. Also, 

these data will aid in the determination of the optimum 

artificial light intensity to be used under a specific 

initial culture concentration. 

3.1 Measurement Procedures 

Determination of the starting and ending algae 

concentration of one growth period was accomplished by using 

the fluorometeric method. This method is reported as the 

most accurate for the determination of Spirulina 

concentration as measured by chlorophyll-a concentration 

(EPA, 1971). Calibration of the fluorometer for obtaining 

measurements of algae concentration is as follows: 

1. centrifuge 5 mL of culture at 15,000 rpm for 10 

minutes; 

2. Resuspend pellets in 10 mL of a 90% methanol 

solution; 

3. centrifuge the solution 5,000 rpm for 10 minutes; 
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Table 3.1: Experimental Treatment Levels for Light Intensity 
and Initial Algae Concentration Investigations. 

Treatment 

Zarrouk medium+lOO mg/1 algae + 2 klux 

Zarrouk medium+lOO mg/1 algae + 4 klux 

Zarrouk medium+lOO mg/1 algae + 6 klux 

Zarrouk medium+lOO mg/1 algae + 8 klux 

Zarrouk medium+200 mg/1 algae + 2 klux 

Zarrouk medium+200 mg/1 algae + 4 klux 

Zarrouk medium+200 mg/1 algae + 6 klux 

Zarrouk medium+200 mg/1 algae + 8 klux 

zarrouk medium+400 mg/1 algae + 2 klux 

zarrouk medium+400 mg/1 algae + 4 klux 

Zarrouk medium+400 mg/1 algae + 6 klux 

Zarrouk medium+400 mg/1 algae + 8 klux 

Zarrouk medium+600 mg/1 algae + 2 klux 

zarrouk medium+600 mg/1 algae + 4 klux 

zarrouk medium+600 mg/1 algae + 6 klux 

zarrouk medium+600 mg/1 algae + 8 klux 

No. of Replicates 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 
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4. Store the suspension in a refrigerator for 2 hours; 

5. Take the spectrophotometer absorbance reading of the 

suspension (E%); 

6. Determine chlorophyll-a concentration by using the 

following equation (Austin, 1988): 

Chlorophyll-a (mg/L) = (Ve * E% * 103 ) / (V.* A* L) 

where: 

V= e volume of solvent, 10 mL 

V= I volume of sample, 0.005 L. 

E= absorbance in solvent, % 

A= absorption coefficient, 89.4 gfL-cm 

L= light path of cuvette= 1.27 em; 

7. After determination of Spirulina concentration, 

place the sample into the fluorometer and adjust the 

fluorometer reading to be equal to the algae 

concentration used for calibration as collected from 

dry weight measurements of the algae solution; 

8. Several dilutions of the solution were made and the 

corresponding readings from the fluorometer were 

recorded; and 

9. For the direct fluorometric measurements of 

Spirulina concentration: 

a. swirl flask to insure homogenous suspension of 

algae cells; 



b. zero fluorometer with a distilled water blank 

before sample reading and change in 

sensitivity setting to obtain required 

concentration; 

c. pipette cell suspension aliquot (5 ml) into a 

vial; 

d. pour well mixed sample into cuvette and read 

fluorescence; 

34 

e. substitude the fluorometer reading (x)into the 

calibration equation to get corresponding algae 

concentration (y), y= (0.926/x). 

Note: to obtain accurate readings, if the fluorometer 

indicates 400 units or more, dilute the 

sample. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Growth characteristics of Spirulina platensis were 

examined under the influence of different light radiation 

levels (calfcm2
) and under different initial algae 

concentrations. A modified Zarrouk medium was used as the 

nutrient source for growth of Spirulina platensis. The 

experiment was performed at room temperature 23°C (73°F) and 

the pH was approximately 9.6 with the addition of sodium 

bicarbonate. Algae for each treatment was taken from a 

stock culture growing in the same Zarrouk medium. 

For the entire set of experiments, Spirulina platensis 

concentrations were measured by using a fluorometer 

(SEQUOIA-TURNER Model 450 Digital) and the measured values 

were translated into algae concentrations by using for the 

3-hour growth experiments. The fluorometer was calibrated 

with a known concentration of Spirulina platensis was 

determined on dry weight basis. 

The total volume of culture inside the experimental 

tank was 280 ml and was pumped by an air lift pump at a rate 

of 4.5 mlfsec. The area of the culture flow diverter 

allowing the algae solution to pass under was 5.5 em wide 

and (1.326 mm). The total area of the plate where the algae 

solution was passing over and exposed to light was 107 cm2
• 

The slope of the glass plate was 10%. By using the 

35 
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Manning's flow equation for open channel hydraulics, the 

depth of the culture was determined to be 1.0 mm and the 

velocity of the culture passing over the glass plate was 

7.69 cmfsec for a pathway length of 25.5 em. Knowing all 

this information and the light intensity, determination of 

the total amount of energy input in calories to the algae 

solution throughout the entire test period can be 

determined. The light meter used in this experiment 

indicate readings in units of lux. Each lux is equivalent 

to 5.7*10~ calf(cm~-min) (Wetzel and Likens, 1990), 

calf(cm2-min)= Langleysfmin. The energy input to each 

milligram of algae will vary depending on the specific algae 

concentration and light intensity. Data showing calorie 

input from light for each trial are given in 

Table 4.1. 

4.1 Circadian Growth of Spirulina platensis 

Since the maximum growth of Spirulina platensis in 

several studies occurred at an initial algae concentration 

of 400 mg/L, an experiment was designed to determine the 

influence of a photoperiod on circadian growth of Spirulina 

at 4 klux light intensity. Growth was most rapid in the 

first three hours of the test period (16 hours of light and 

s hours of darkness). The accumulated growth during the 

first three hours was almost 100 mg/L, (see Tables 4.2, 4.3 

and Figures 4.1, 4.2, 4.3, and 4.4). 



Table 4.1: Total Calorie Input to Each milligram of Algae 
For Each 3-hour Treatment Level Based on the 
Final Concentrations. 

Treatment Level 

Light Intensity, 
(klux) 

2 
2 
2 
2 
4 
4 
4 
4 
6 
6 
6 
6 
8 
8 
8 
8 

Initial Algae 
Concentration, 
(mg/L) 

100 
200 
400 
600 
100 
200 
400 
600 
100 
200 
400 
600 
100 
200 
400 
600 

Energy input 
calories 

7.71 
3.82 
1.74 
1.17 
14.85 
6.97 
3.18 
2.27 
20.94 
10.74 
5.21 
3.61 
28.63 
14.99 
7.39 
5.17 

37 
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Spirulina culture wasnot replaced or removed during 

testing, no additional nutrients were added throughout the 

experiment. The algae stock culture was maintained in a 

nutrient deficient medium under low light conditions. The 

reason for using a stock culture is the homogeneity of the 

culture allowing a representative culture with which to 

begin each test. Edmonds (1984) reported on studies with 

Euglena and Ceratium and found that there is an effect in 

the change of the light:dark cycle on the peak position of 

growth within the biological circadian of these species. 

Considering such effect on the biological clock of Spirulina 

platensis means that a change in the environmental 

conditions surrounding a species will result in a shifting 

of the biological clock according to the change in the 

environmental conditions. Another investigation was 

conducted to investigate whether or not the use of a starved 

stock culture under each treatment level caused a shift in 

the peak growth position. This investigation was conducted 

in order to determine the effect of using a nutrient and 

light deficient culture on elimination of the biological 

clock effect while growing algae. Treatment starting time 

was chosen to be where growth was at a minimum level. 
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Table 4.2 Net Increase in Algae Concentration Based on 
an Hourly Increase for a Light:Dark Cycle of 16:8 
Hours for day 1. 

Time Algae Cone., mg/L Increase,mg/L 

0800 400 

0900 459 59 

1000 480 21 

1100 485 5 

1200 488 3 

1300 492 4 

1400 498 6 

1500 504 6 

1600 508 4 

1700 515 7 

1800 526 11 

1900 545 19 

2000 553 8 

2100 554 1 

2200 560 7 

2300 567 7 

2400 573 6 
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Table 4.3: Net Increase in Algae Concentration Based on 
Hourly Increase for a Light:Dark Cycle of 16:8 
Hours for day 2. 

Time Algae Cone. , mg/L Increase,mg/L 

0800 400 

0900 469 69 

1000 493 23 

1100 507 14 

1200 513 5 

1300 519 6 

1400 523 4 

1700 532 2 

1800 535 3 

1900 549 14 

2000 554 5 

2100 555 1 

2200 560 5 

2300 564 4 

2400 568 4 
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Three-hour growth periods were tested, starting at 

several valley points of the biological clock for Spirulina 

platensis (Figures 4.1 and 4.3). These treatments were at 

times of 1100, 1530, and 2100. These points represent the 

timing of lowest net growth, less than 2% of the maximum 

obtained net growth, throughout 24-hour cycle. 

Results showed that high net growth can be obtained 

during 3 hours of operation, regardless of the biological 

cycle or the time of the day (Figure 4.5) if a starved 

culture is used. A statistical t-test was conducted for the 

three treatments. For the test, t-calculated was 8.01, and 

t-table for 3 degrees of freedom and a=0.01 was 7.81 

resulting in rejection of the null hypothesis and accepting 

the alternative hypothesis that there is no differences 

between treatments. Therefore, the decision was made to 

conduct each light intensity and initial algae concentration 

experiments for 3-hour lengths of time with replacement of 

the culture in the experimental apparatus (Figure 3.1) with 

starved stock culture. 



Table 4.4 Increase in Spirulina Concentration Based on 
3-Hour Growth Period at Specific Time of the Day 
Under 400 mg/L and 4 klux. 

Time Day 1 Day 2 

1100 h 130.17 119.45 

1530 h 125.93 121.79 

2100 h 119.73 114.77 
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4.2 Light Intensity and Initial algae 
Concentrations Experiment 

From the experimental design, 32 data points were 
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obtained. The data points were due to four levels of light 

intensity, four levels of initial Spirulina platensis 

concentration, and two replications. Preliminary data in 

Tables 4.5 to 4.8 and Figures 4.6 and 4.7 showed that for 

initial algae concentrations of 200, 400, and 600 mg/L, 4 

klux of light provided was found to be the optimum light 

intensity level for maximum growth of Spirulina. For the 

algae concentration of 100 mg/L, the optimum light intensity 

was found to be 6 klux. For the calculations of the 

specific growth rate constant (~) 

4.1 

where; 

~= specific growth rate constant, hr-1
, 

X2= algae concentration after growth period equal to 

(t2-tl) 1 mg/L, 

Xl= initial algae concentration, mg/L, 

t2= time at the end of growth period, hr. 

tl= time at the end of the experiment, hr. 



Table 4.5: Total Increase in Spirulina Concentration 
for Different Light Levels with an Initial 
Concentration of 100 mg/L. 

Light Intensity 
(klux) 

2 

4 

6 

8 

Rep.1 

102 

106 

113 

113 

Algae Cone 
(mg/L) 

Rep.2 

104 

108 

115 

109 

Ave. 

103 

107 

114 

111 

* (~) Specific growth rate constant 

Increase 
(mg/L) 

3 

7 

14 

11 

Table 4.6: Total Increase in Spirulina Concentration 
for Different Light Levels with an Initial 
Concentration of 200 mg/L 

Light Intensity 
(klux) 

2 

4 

6 

8 

Rep.1 

208 

227 

220 

211 

Algae Cone 
(mg/L) 

Rep.2 

208 

229 

224 

213 

Ave. 

208 

228 

222 

212 

* (~) Specific growth rate constant. 

Increase 
(mg/L) 

8 

28 

22 

12 
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0.009 

0.023 

0.044 

0.035 

0.013 

0.043 

0.035 

0.019 



Table 4.7: Total Increase in Spirulina Concentration 
for Different Light Levels with an Initial 
Concentration of 400 mg/L. 

Light Intensity 
(klux) 

2 

4 

6 

8 

Rep.1 

453 

504 

452 

427 

Algae Cone 
(mg/L) 

Rep.2 

459 

494 

462 

433 

Ave. 

456 

499 

457 

430 

* (~) Specific growth rate constant. 

Increase 
(mg/L) 

56 

99 

57 

30 

Table 4.8: Total Increase in Spirulina Concentration 
for Different Light Levels with an Initial 
Concentration of 600 mg/L. 

Light Intensity 
(klux) 

2 

4 

6 

8 

Rep.1 

677 

698 

647 

615 

Algae Cone 
(mg/L) 

Rep.2 

671 

696 

677 

627 

Ave. 

674 

697 

662 

621 

* (~) Specific growth rate constant. 

Increase 
(mg/L) 

74 

97 

62 

21 
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0.044 

0.074 

0.042 

0.024 

• 
~ 
hr-1 

0.039 

0.049 

0.033 

0.012 
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Fiqure:4.8 Specific Growth Rate Constant of Spirulina 
platensis Based on Four Initial Algae 
Concentrations and Four Light Intensity Levels. 



4.3 Statistical Analysis 

4.3.1 Testing Hypothesis 
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A review of Figures 4.6 and 4.7 show that a difference 

in algae growth response occurs due to light intensity and 

initial concentration. In order to verify the difference 

between treatments due to light intensity and initial 

culture concentration, two statistical tests were conducted 

to check the differences between treatments. The 

statistical tests are analysis of variance (ANOVA) and the 

least significant difference (L.S.D). 

The analysis of variance is used to test the hypothesis 

that the means of more than two populations are equal to or 

different from each other when the populations are normally 

distributed with equal variance (Salvator, 1982). The test 

was conducted for 16 data points with two replicates. 

Results are shown in detail in Tables 4.9 and 4.10. 

The first set of hypotheses to be tested for initial 

algae concentration consist of the null hypothesis, 

H
0

: m
1
=m

2
-m

3
=m4 versus the alternative hypothesis, 

H
1 

: m
1

, m
2

, m3 , m4 are not equa 1 , where m refers to the 

various means for the concentration factor. For the 

concentration factor, F= 3.24, from statistical tables and 

for three degrees of freedom (df)(numerator) and 6 (df) 

(denominator) and a = 0.01. 
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Table 4.9: Net Growth with 4 Initial Algae Concentrations 
and 4 Light Intensity Levels (with row, column, 
and grand means) 

Light Intensity 
(klux) 

2 

4 

6 

8 

Mean 

100 

3 

7 

14 

11 

8.75 

Initial Algae Concentrations 
(mg/L) 

200 400 600 

8 56 74 

28 99 97 

22 57 62 

12 30 21 

17.5 60.5 63.5 

Mean 

35.25 

57.75 

38.75 

18.5 

37.56 

Table 4.10: Two Factor ANOVA Table for the Effect of Initial 
Algae Concentration and Light Intensity Levels 
on Net Growth (mg/L) 

Variation Sum of Degrees of Mean of 
Squares Freedom Squares F 

Explained sse = c-1=3 MSC= MSC/MSE -
by Cone. 18997.4 6332.46 137.48 

Explained SSL= r-1=3 MSL= MSL/MSE= 
by Light 6220.1 2073.38 45.13 

Explained by 5554.4 (r-1) (c-1) 617.16 13.43 
Cone. and = 9 
Light 

Experimental SSE= 16 MSE= 
Error 735.0 45.94 

Total SST= 31 
31506.87 

* N.B: L.S.D for the interaction between Light intensity and 



Since the calculated value ofF= 137.48 (from Table 4.10) 

exceeds the tabular value of.F, H0 is rejected and H1 is 

accepted, or the meanfor the final concentrations are not 

constant. 
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The second set of hypotheses to be tested consists of: 

H0 : m1=m2=m3=m4 versus H1 : m11 m2 , m3 , m4 are not equal 

but now m refers to the various means for the light 

intensity factor. For the light intensity parameter, 

F=3.85, from statistical tables for F-values, for 3 degrees 

of freedom (numerator), 6 (denominator), and a= 0.01. 

Since the calculated value of F= 45.13 is smaller than the 

tabular value of F, H0 is rejected and H1 is accepted, thus 

the means for the light intensity are not equal. 

4.3.2 The Least Significant Difference Test 

Since the F-ratio indicates significant differences 

between sample means, it became important to determine which 

means cause the significance. Therefore, a second 

statistical test was conducted. The least significant 

difference test (L.S.D) was conducted. L.S.D is defined as 

the smallest difference that could exist between two 

significantly different sample means, given calculations for 

the initial algae concentration. 



L.S.D = tm * ~(2*S2)/n 

~ = MSE 

where: S: standard deviation; 

MSE: mean square of error; 

n: varieties of a condition; 
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4.2 

4.3 

t.m: the tabular value of t at the 1% level for the 

number of degrees of freedom (4.541) 

s2 - 45.94 

L.S.D- 4.541 ~(2*45.94)/3 

L.S.D - 10.88. 

The values of L.S.D analysis, Tables 4.11 and 4.12, 

will be the threshold for the investigation of the 

difference between treatment means. If a difference between 

two treatment means is larger than the L.S.D value, there is 

a significant difference between treatments, and vise versa. 

For the light treatment, Table 4.12 showed significant 

differences in net increase of algae concentration between 

all light levels except between 2 and 6 klux treatments. 



• 
Table 4.11: L.S.D Test for Treatments Under the Effect of 

Initial Algae Concentration. 

Concentration Differences L.S.D Result 

(mg/L) in (mg/L) 

100,200 8.75 10.88 Not Significant 

100,400 51.75 10.88 Significant 

100,600 54.75 10.88 Significant 

200,400 43 10.88 Significant 

200,600 46 10.88 Significant 

400,600 3 10.88 Not Significant 

Table 4.12: L.S.D Test for Treatments Under the Effect of 
Light Intensity. 

Light Intensity, Differences L.S.D Results 

• (klux) • (mg/L) 1n 1n 

2,4 25.5 10.88 Significant 

2,6 3.5 10.88 Not Significant 

2,8 16.75 10.88 Significant 

4,6 19 10.88 Significant 

4,8 39.25 10.88 Significant 

6,8 20.25 10.88 Significant 
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4.4 Optimum Concentrations for Growth 

There is no control on nature, which means there is no 

human control on light intensity received at the surface of 

the earth. Results from this research shows that the only 

way to obtain maximum growth of Spirulina platensis is to 

vary the algae concentration exposed to the sunlight. From 

the statistical test results and by reviewing Figures 4.6 

and 4.7, the best concentration to be used is 400 mg/L under 

a light intensity of 4 klux, considering use of shallow 

culture and no other limitations such as available 

nutrients. 

If Spirulina platensis would be grown under artificial 

light, there is control over light intensity. In addition, 

if there would be limitations on the algal concentration 

used in a treatment process, the optimum light intensity for 

a specific concentration level can be obtained from the data 

in Figure 4.8. For instance, if nutrient availability were 

limited, a specific algae concentration will be the limiting 

factor for growth. Therefore, controlling the light 

intensity according to the levels shown in Figure 4.8 will 

allow for maximum algae growth without wasting a great deal 

of energy. 

The relationship shown in Figure 4.9 represents an 

inverse function between the specific growth constant and 

light intensity. Specific growth rate constant represents 

how fast a microorganism can grow and multiply in the 



60 

medium. The dimensions of the specific growth rate constant 

~ are reciprocal time, usually expressed as reciprocal 

hours, or hr-1 (Neidhardt, 1990). 

The optimum light intensities for the initial algae 

concentrations are shown in Table 4.13. Regression analyses 

on the data in Table 4.13 resulted in a negative linear 

function for light intensity levels versus initial algae 

concentration (Figure 4.9). The R2 value for the linear 

regression is 0.85 and a=0.1. 

The depth of culture exposed to light in this 

experiment was 1 mm. Consequently, light transmission would 

be complete through the entire for any light intensity level 

studied in this experiment. This type of culture systems 

has the potentiality to increase the mortality rate of algae 

if light intensity provider is greater than 4 klux. 

Table 4.13: Optimum Light Intensity for Various Initial 
Algae Concentrations. 

Concentration 
mg/L 

600 mg/L 

400 mg/L 

200 mg/L 

100 mg/L 

Light Intensity 
klux 

2 

4 

6 

8 
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At high light intensities, low initial algae 

concentration, 100 mg/L appears to have specific growth rate 

constant larger than that for an initial algae concentration 

of 600 mg/L. High algae concentration means algae surface 

area exposed to light is large, yet it is small for low 

algae concentrations. If the amount of energy input is 

high, algae mortality rate would be higher for the dense 

cultures than that for low algae concentration cultures. 

With an algae concentration as low as 100 mg/L, light will 

not be completely transferred to algae cells, because much 

of that light is being transmitted only to the culture 

medium. The reason is that algae coils in response to high 

light intensity levels, so that the amount of lethal light 

energy provided to algae cells can be minimized. Therefore, 

at high light intensities, such as 8 klux, an initial algae 

concentration of 100 mg/L would have a specific growth rate 

constant higher than that of an 600 mg/L initial algae 

concentration. 

At low light intensities, 2 klux, an initial algae 

concentration of 600 mg/L has a specific growth rate 

constant higher than that of an initial algae concentration 

of 100 mg/L. Since light is going through the culture, the 

limiting factor affecting algae growth is the initial algae 

concentration. An algae concentration of 600 mg/L has more 

chlorophyll-a than that of an initial algae concentration of 

100 mg/L. Consequently, light utilization efficiency at the 
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higher algae concentration will be higher than that of a low 

algae concentration. Therefore, specific growth rate 

constant for the initial concentration of 600 mg/L would 

appear higher than that under an initial algae concentration 

of 100 mg/L. At a concentration of 400 mg/L, it appears 

that 4 klux of light is the optimum. The same results for 

an initial algae concentration of 400 were found based on 

net growth of algae, mg/L. 

Another way to examine the results of this study is to 

determine the amount of light energy in calories that is 

provided to the algae mass (Figure 4.10) along with the 

percentage growth that occurred for all the tests completed. 

As the algae concentration increases, the amount of light 

energy provided to the cell mass decreases. Yet, the 

percentage growth increases and then decrease as initial 

algae concentration increases. This reaction shows that 

some optimum growth occurs between light intensity provided 

and algae concentration in terms of total mass of cells 

produced. In this case, the results show that the greatest 

cell production will occur at one initial algae 

concentration of 400 mg/L, where light energy level is near 

the minimum level of less than 10 calories per milligram of 

algae. These results can be used to help maintain the best 

production of algae for the least cost of light provided, 

specially for algae production under artificial light 

conditions. 
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5.1 Conclusion 

CHAPTER V 

CONCLUSION AND RECOMMENDATIONS 

Previous research examining the effect of light 

intensity on Spirulina platensis growth reported that 30 to 

40 klux was required for optimum growth. All previous 

evaluations did not consider the effect of algal 

concentration or depth of culture on light transfer while 

investigating the effect of light intensity on growth. 

Also, light intensity is not the ideal indicator to evaluate 

the effect of light energy on algae growth. This is due to 

the fact that photosynthesis activity is promoted by the 

energy input to an autotrophic cyanobacteria. Therefore, to 

achieve the objectives of this study, two problems had to be 

dealt with. 

The first problem was the elimination of the algae 

concentration effect, which was handled by monitoring the 

growth of Spirulina platensis within short time intervals of 

3 hours. After each test, a new culture was placed into the 

test apparatus at the designed initial algae concentration 

required for the next individual test. This methodology 

allowed the investigation of the effect of light without 

interference of the algae concentration change. 
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The second problem to deal with was the determination 

of the energy input to the algal culture. A solution for 

this problem was accomplished by exposing the culture of 

Spirulina platensis to a specific surface area with a very 

thin layer (1.0 mm) of culture flowing across the area 

exposed to light. By following this methodology and using 

a constant light intensity setting, calj(cm2-min) 

determination of the net energy input was controlled. 

For this thin layer growth system, light intensities of 

30-40 klux were tested and found to be inhibitory for new 

cell growth. The reason for these results is that the depth 

of the culture used in this experiment is very thin; 

therefore, the amount of energy focused on the culture was 

enough to evaporate the water and, thus, dehydrate the 

culture. Further tests proved that light intensities less 

than 10 klux would allow algae growth to continue. 

A biological clock study for Spirulina platensis was 

conducted for the determination of the effect of photoperiod 

of light:dark cycle of 16:8 on the circadian growth of 

Spirulina. The study was conducted under 4 klux of light 

and at initial algae concentration of 400 mg/L. Results 

showed that the first three hours of growth represented the 

highest growth throughout the daily cycle tested. Also, two 

other peaks were detected through the day, but with a much 

smaller magnitude than that of the first one of the daily 

cycle. 
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In order to prove that algae growing in a nutrient 

deficient media and under low light conditions, starvation 

conditions, can eliminate the effect of the circadian 

biological clock of Spirulina, three tests were conducted 

under initial algae concentration of 400 mg/L and a light 

intensity of 4 klux. These experiments were conducted at 

three low growth periods as indicated on the biological 

clock study and each treatment was conducted twice. Results 

showed consistent net algae growth regardless of the time of 

day for the first three hours of testing. Also, statistical 

t-test showed no significant difference between the three 

treatments at a=O.Ol. The conclusion obtained from this 

study is that net growth of algae is not affected by the 

time of day in which the tests were conducted with using a 

starved stock culture in each growth trial. 

Two primary treatments were included in this study, the 

effect of initial algae concentration and the effect of 

light intensity level on growth of Spirulina platensis. 

Four levels of initial algae concentration (100, 200, 400, 

and 600 mg/L) and four levels of light intensity (2, 4, 6, 

and 8 klux) were tested for a 280 cm3 culture volume. 

Results showed that an initial algae concentration of 

400 mg/L provided the maximum growth of algae under a light 

intensity level of 4 klux. 
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Light energy received on the surface of the earth is 

highly variable and thus would create limitations on the 

maximum algae concentration that can be maintained. A 

regression analysis on the maximum specific growth rate 

constant versus light intensity was conducted resulting in a 

linear function between the two parameters with RL-0.85 and 

a=O.l. Such a function can be used to determine the optimum 

light intensity to use for algae growth if operating under a 

specific Spirulina platensis concentration. In addition, 

from the data provided on light energy supplied per mass of 

algae present, a minimum level of cost associated with the 

amount of light provided can be used. These data can help 

in the reduction of the energy cost and optimization of 

algae production. 

5.2 Recommendations 

For better understanding of the effect of initial 

Spirulina platensis concentration and light energy on 

growth, further research should be conducted. Recommended 

research projects are as follows. 

1. This study showed an initial algae concentration of 

400 mg/L to be optimum under any light condition and maximum 

under 4 klux. Such conclusion might not be practical for 

cultures deeper than 1.0 mm in depth. An investigation of 

the effect of the culture depth on the growth of algae 

should be conducted. The aim of such research is to 



determine the optimum depth to obtain maximum growth under 

the specified algae concentration and light intensity. 
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2. After the determination of the culture depth effect 

on algae growth is completed, incremental increases in 

culture depth exposed to several light intensities and 

initial algae concentrations levels should be conducted. 

The concept of that approach is that growth under any 

culture depth deeper than some depth would be less than 

optimum for growth. Consequently, light transfer is not 

complete, or the culture at such depth is considered dense 

culture. Therefore, investigating the interaction of light 

intensity and initial algae concentration at various depths 

would result in the determination of several algae 

concentration levels to be optimum to operate with under a 

specific light intensity condition. Since there is no 

control of light given by nature, such results would allow a 

great needed operation flexibility by allowing both culture 

concentrations and depth to be adjusted to obtained maximum 

algae growth. 

J. A study of the biological clock for Spirulina 

platensis at different light:dark cycles at the determined 

optimum initial algae concentration and light intensity 

levels should be conducted. The reason of conducting such a 

study is to determine the optimum light:dark cycle that can 

be used to enhance the growth of Spirulina platensis. 
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APPENDIX 

USE OF ANAEROBICALLY DIGESTED CATTLE WASTE 

FOR Spirulina platensis PRODUCTION 
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Spirulina platensis appears to be one of the most 

studied blue-green algae as a potential protein Source. It 

has an excellent amino acid composition, high pigment 

content (carotenoids), good digestibility, and absence of 

toxic compounds (Jaquet, 1970, Clement et al., 1970). In 

addition, Spirulina appears to be an interesting agent for 

recovering nutrients from waste (Zarour, 1974). 

Nutrient input to a culture of Spirulina platensis is 

one of the most expensive steps in most culture systems. 

Agricultural waste can be effectively recycled and used as a 

nutrient source for algae biomass production (Ayala, 1988). 

At least, using these kinds of wastes will partially replace 

the need for some of the nutrients required by the Spirulina 

culture. 

It is estimated that approximately 1.9 billion metric 

tons of manure are produced each year in the world (Pieterse 

et al., 1982). This estimate does not consider the large 

amount of animal waste. One of the best kinds of waste to 

be used for Spirulina platensis growth is anaerobically 

digested cattle waste (Ayala, 1984). The primary process 

occurring during anaerobic digestion is methane 

fermentation. It is logically assumed that degradation of 

organic material will result in the production carbon 

dioxide (C02}, and methane (CH4 ) (Figure A.1), (Bruce et al., 

1g86). After fermentation, nutrient recovery by intensive 

microalgae culture can be stimulated because 
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nutrients are seldom lost during fermentation (Varel et al., 

1977). Another advantage of using digested cattle waste for 

algae production is that no time is required for biological 

degradation for organic matter (Shelef et al. 1980). 

While growing Spirulina, another objective could be 

achieved, which is advanced wastewater treatment by removal 

of major nutrients. If a mechanical system is used for 

nutrients removal, a tremendous cost will be associated with 

removal. If primary treated wastewater is applied to 

lagoons where Spirulina platensis is added and allowed to 

grow, removal of nutrients will be achieved, simply because 

nutrients are required for Spirulina growth. This process 

achieves two goals, waste treatment and food production in 

one individual process. 

Wastewater treatment with algae seems like an ideal and 

profitable process, but there are some disadvantages 

associated with growing Spirulina platensis in a wastewater 

medium. Disadvantages include: 

(a) reduced rate of growth, 

(b) need of high temperature, 

(c) need for relatively high concentration of 

bicarbonate, and 

(d) sensitivity to high irradiance levels 

(Shelef, 1980). 

Using digested cattle waste while investigating the 

effect of light intensity and initial algae concentration on 
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algae growth would create technical problems regarding light 

translation. Because biological studies has a lot of error 

associating with it, resulting in low R2 , the effort to 

reduce any error is needed. Waste contains a large portion 

of suspended solids that will affect the accuracy of data 

collection regarding algae concentration. In addition, the 

main concern in choosing a medium for algae growth is to 

assure no nutrient deficit while growing algae. Therefore, 

modified Zarrouk medium for Spirulina platensis is generally 

used as a nutrient supply for Spirulina platensis during 

most experimental testing for growth. 

Waste samples were analyzed for nitrate(N03-N), nitrite 

(N02-N), ammonia (NH3-N),phosphate(P04-P), total inorganic 

carbon (TOC), and total solids (TS) (Tables A.l and A.2). 

The methods used in the analysis of the digested cattle 

waste are tabulated in Table A.2. Contamination in the 

culture media was found because of the existence of 

Oscillatoria. 

For economical reasons and simplicity, the waste was 

centrifuged instead of filtered, if waste is going to be 

used. Preliminary analyses were completed to determine the 

most appropriate centrifuging speed in which its results 

match that of filtration. The results shown in Table A.J 

indicates that the most appropriate centrifuge level is 2000 

r.p.m. to be used in the experiment. 



Table A.l: Laboratory Equipment Used for the Determination 
of Specified elements 

pH Model 601A/digital Ionanalyzer 

TIC Carbon analyzer 

NOJ Ion chromatograph 

NHJ Automatic analyzer 

P04 Ion chromatograph 

S04 Ion chromatograph 

Chlorophyll-a Fluorometer 
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Table A.2: Preservation Techniques Used for 
Cattle Waste Samples. 

Determination 

Carbon Dioxide 

Total organic 

carbon 

Ammonia 

Nitrate 

Nitrite 

Nitrate and 

Nitrite 

Phosphorus 

Preservation method 

Analyze immediately 

Analyze immediately or 

refrigerate and add H2S04 to 

pH<2 

Max. 

storage 

7d/28d 

Analyze as soon as possible 7d/28d 

refrigerate 

48 h 

refrigerate 

Analyze as soon as None; or 

possible; refrigerate or 48h 

freeze 

Analyze as soon as None; or 

possible; or freeze at 20 c 28d 

For dissolved phosphorate 48 h 

filter immediately 

refrigerate; freeze at 10 c 
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