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ABSTRACT 

Nowadays, halal products are gaining wider recognition as a new benchmark for safety and 
quality assurance. As a consequence the commercial developments of microalgae are 
established due to their high value chemicals, for examples, B-carotene, astaxanthin, phycobilin 
pigments and algal extracts for cosmeceuticals products. Therefore, many researchers have 
gained interest to study the potential of microalgae as new valuable chemicals and other 
products sources. The aim of the research is to explore new sources of pigments to be used as 
halal food colorants. This quest is not only directed in finding natural alternatives for synthetic 
dyes, but also to discover new taxons for the carotenoid production. Thus, there is a solid need 
to investigate the potential of natural pigments particularly carotenoids in microalgae to be fully 
utilised and commersialised especially in halal market, health advantages, food products and 
dye technology. A total of 10 species were evaluated for quantitative and qualitative carotenoid 
composition namely Chlorella fusca, Chlorella vulgaris, Selenastrum capricornutum, 
Pandorina morum, Butyriciococcus sudeticus ,Chlorococcum, Pseudanabaena, Scenedesmus, 
Ankistrodesmus, and Butyrocicoccus Brauni. Chlorella fusca (chlorophyta) and 
Pseudanabaena(cyanobacteria) and found three types of carotenoid out of them which are B­
carotene, B- cryptoxanthin cryptoxanthin and lutein. Species that was having all three types of 
carotenoid was Pandorina morum (Figure 4.8) with lutein (54.64±3.11 mg/g DW), Beta 
cryptoxanthin (2.38±0.56 mg/g DW) and Beta carotene (1.39±0.38 mg/g DW). Two types of 
microalgae were chosen represent their division which are Chiarella fusca (Chlorophyta) and 
Pseudanabena (Cyanobacteria) were subjected to manipulation of nutrient and carbon sources. 
They were cultured using Bold's Basal Medium (BBM), Bristol medium and Bold's Basal 
Medium (BBM) modified with vitamin B with different nutrient and carbon sources. There were 
three types of carotenoid had produced which are zeaxanthin (21248.7 ± 240.61mg/g DW), 
violaxanthin (16299±423.09mg/g DW) and lutein (2335.53±69.82mg/g DW) with their highest 
number respectively. Nitrate concentration also been manipulated in all types of medium that 
been used and it had produced lutein. The highest lutein number was produced in cultivation of 
Pseudanabaena in Bristol medium with 0.5 fold nitrate concentration (1317.91±40.Bmg/g 
DW). Chlorella fusca and Pseudanabena also been cultured in BBM with the addition of 
different elicitors which are salicylic acid (SA), polyethylene glycol (PEG) and sodium chloride 
(NaCl). All of these elicitors had initiate production of lutein. Among of those three elicitors, 
this studies had found that the implication of 25mg/L of SA had yield highest lutein 
concentration (666.45±24.66mg/g DW).Cell concentration ofmicroalgae also been recorded for 
all studies except for profiling. Cell count were done using haemocytometer under microscope 
and growth pattern of microalgae been plotted to monitor microalgae cell density 
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CHAPTER ONE 

INTRODUCTION 

1.1 BACKGROUND OF THE STUDY 

In line with the fact that halal products are gaining wider recognition as a new 

benchmark for safety and quality assurance, there have been gains in the commercial 

development of microalgae. The precious bioconstituents of microalgae such as β-

carotene, astaxanthin, docosahexaenoic acid, eicosahexaenoic acid, phycobilin 

pigments and microalgae have been exploited for cosmeceuticals and other products. 

Algal pigments are considered to have great potential for producing successful 

products exploited from algae (Koller, Muhr, & Braunegg, 2014). They are also the 

most interesting products that have been produced by microalgae thus far (Rodrigues, 

Menezes, Mercadante, Jacob-Lopes, & Zepka, 2015). 

Global research on microalgae was initiated some 50 years ago. Studies on 

microalgae in Malaysia have been ongoing for the past 30 years and have found that 

they have great potential to produce highly valuable products for the pharmaceutical 

industry as well as for wastewater treatment and assessment of environmental 

toxicants. Hence, this microalgae biotechnology should be priority research in 

Malaysia. The aim of this research is to explore new sources of pigments to be used as 

halal food colourants and to find natural alternatives for synthetic dyes to fulfil the 

search for halal ingredients in daily used products. The adverse impact of synthetic 

food colourants on general human health reported by scientific findings makes it an 

urgent search for building a healthy generation. Thus, there is a solid need to 

investigate the potential of natural pigments particularly carotenoids in microalgae so 

that they can be utilised fully and commercialised especially in halal markets for 
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health advantages, food products and dye technology. The significant outcome of the 

research constitutes new findings of new natural carotenoid pigment sources as food 

colourants which cover not only the Shariah requirement but also the hygiene, 

sanitation, purification and safety aspects. 

 

 

1.2 STATEMENT OF THE PROBLEM 

The global community has now begun to understand the importance of the Muslim 

requirement to consume halal food and products. The market for certified halal food 

and products is growing robustly, both domestically and internationally (Shaarani, 

2004; Buang and Zakaria, 2004). Although the term halal has never attracted as much 

attention as in recent times, today, a halal food market exists wherever there are 

Muslim consumers whose tastes and preferences are governed by halal rules on food 

specification. Every Muslim must ensure that what they eat comes from a halal 

source. This does not mean only to check the ingredients per se, but also to ensure that 

the entire process is in accordance with Shariah principles.  

 Colourants are often added to food to enhance its visual aesthetics and 

to promote sales (Huang et al., 2002). Although the allowable number of synthetic 

colourants is reduced for consumer healthiness reasons in recent years, many kinds of 

synthetic food dyes are still widely used all over the world due to their low price, high 

effectiveness and excellent stability (Sadecka and Polonsky, 2000). Synthetic 

colourants can be classified into water-soluble and fat-soluble colourants based on 

their solubility. Most fat-soluble synthetic colourants present in the market are azo 

compounds, such as Sudan I, Sudan II, Sudan III, and Sudan IV. The genetic toxicity 

of some azo-dyes has been confirmed (IARC, 1975; Calbiani et al., 2004) and 
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structure-activity relationships have been assessed (Searly, 1976; Prival et al., 1988). 

Sudans (I–IV) have been classified as category three carcinogens to humans by the 

International Agency for Research on Cancer (Tateo and Bononi, 2004), and the use 

of Sudan I in foodstuff is forbidden in global food regulation acts (DiDonna et al., 

2004). However, Sudan dyes are still found in food products exported to European 

countries and other parts of the world (Calbiani et al., 2004). Therefore, it is important 

to assure that the additives, colourants and Active Pharmaceutical Ingredients (API) 

are from acceptable sources and are processed according to halal requirements without 

the use of alcohol-based carriers for instance. In this situation, microalgae are still not 

a well-studied group from a biotechnological point of view. 

Among the 10,000 species that are believed to exist, only a few thousand 

strains are kept in collections. On top of that, only a few hundred are investigated for 

chemical content and just a handful are cultivated in industrial quantities (Olaizola, 

2003). Nature-identical colours are man-made pigments which are also found in 

nature. Examples are carotene, canthaxanthin and riboflavin. Synthetic colours are 

man-made colours which are not found in nature; these are often azo-dyes 

(Aberoumand, 2011). Examples of inorganic colours are titanium dioxide, gold and 

silver. Although structurally very diversified and from a variety of sources, natural 

food colourants can be grouped into a few classes, the three most important of which 

are: tetrapyrroles, tetraterpenoids and flavonoids. The most important member of the 

tetrapyrroles is chlorophyll, which is found in all higher plants. Carotenoids are 

tetraterpenoids that are as ubiquitous as chlorophyll since they too part of the 

photosynthetic apparatus. They also give the yellow–orange–red colour of many 

fruits. Anthocyanins are a group of flavonoids that provide the red–purple shade of 
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many fruits, in particular berries such as strawberries and black currants. Other 

important classes of colourants are the anthraquinones and the betalains.  

The terms ―pigment‖ and ―dye‖ are often used interchangeably. A pigment is 

insoluble in the given medium, whereas a dye is soluble. Thus, carotenoids are dyes in 

oil but pigments in water (Alexandra et al., 2001; Beyer et al., 2002). Because of the 

deficiencies of existing natural food colourants, the demand for natural pigments is 

repeatedly raised by the food industry. This demand can be fuelled by research to 

offer a more natural and healthy way of colouring foods and provide a clean label 

declaration. Therefore, part of plant pigment research is seeking new sources of 

pigments. This will not only help find natural alternatives for synthetic dyes but also 

discover new procedures for the pigment production (Callebaut et al., 1997; Chen et 

al., 1995). 

- 

 

1.3 PURPOSE OF THE STUDY 

The focus of this study is to explore the potential to utilise the photosynthetic pigment 

of microalgae as a natural and halal food colourant. Carotenoids have been chosen to 

be as the alternative food the synthetic food colourant in the market. Food colourants 

were selected as the subject due to its common use in the industrial food company to 

attract the consumer to consume their products. The argument that the synthetic food 

colourants are carcinogenic to consumers had led to a search for alternatives for 

natural food colourants. In this regard, we have proposed the idea to manipulate the 

pigments of microalgae to produce food colourants.  

 In this study, freshwater green microalgae (Chlorophyta) and cyanobacteria 

was chosen as the candidates due to its resemblances of higher plants. Carotenoids 




