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 Abstract 
 

The high demand of seaweed for their polysaccharide namely carrageenan leads to the commercial production of 

carrageenophytes through mariculture. Based on literatures it is well documented that growth rate and carrageenan yield 

depend on environmental factors such as salinity, pH, temperatures, light intensity and water movement. In this study, growth 

rate and carrageenan yield of Gracilaria manilaensis, a red seaweed, was determined at different pH and salinities. G. 

manilaensis was cultured under laboratory conditions in a 500 mL flask at different salinities (15 psu, 20 psu and 25 psu ) and pH 

(7.6, 7.8, and 8.0) for 21 days. At the end of experiment, the growth rate was determined followed by carrageenan analysis. 

From the analysis, growth rate was highest at salinity of 15 psu and pH 7.6 with 1.3 ± 0.2 % day-1.For carrageenan analysis, the 

seaweed was air dried for about a week until it reached a constant weight. Farmed G. manilaensis was used as control and 

carrageenan yield was determined from farmed G. manilaensis. It gives yield of 50.2 ± 10.9 %. For carrageenan yield analysis, 

the highest value was demonstrated at salinity of 25 psu and pH 8.0 with 91.7± 14.4 %. Result shows that carrageenan yields 

from G. manilaensis under laboratory conditions are higher compared to farmed Gracillaria.  This indicates that the quality of 

G. manilaensis in term of carrageenan content can be optimized under certain growth conditions. This is important as this 

species has the potential to be commercialized for pharmaceutical and food industries.  
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1.0  INTRODUCTION 

Red seaweed is well known for their production of 

phycocolloids especially carrageenan which is 

economically important and can be 

commercialized. Carrageenans from this type of 

seaweed been widely used in various applications 

such as in food, medicine, pharmaceutical, research, 

cosmetics and industrial. In food industry, they are 

used as gelling, thickening, stabilizing agents and 

food additives [1]. In medicinal and pharmaceuticals 

industries, they have been extensively investigated 

for their immense range of bioactivities such as 

antiviral, anticoagulant, antitumoral, antioxidant, 
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anticoagulant and immunomudulatory activities as 

well as stabilizing agents for medication [2, 3]. In 

research industry, carrageenans act as a culture 

medium for plants and microorganism and other 

biotechnology applications while in cosmetics 

industry is it used for formulation of products including 

hair conditioner and cleansing products [1, 4]. Even 

though seaweed cultivation for carrageenan has 

been recorded in several countries including the 

Philippines, Indonesia and Malaysia, the production 

of seaweed as raw material for carrageenan industry 

is still limited [5, 6].  

The increased of market demand for raw 

seaweed initiates research and development efforts 

for cultivation of some species mainly the 

economically commercialized species. Cultivation of 

seaweed has become one of the alternatives to fulfill 

the demand. The cultivation effort gives great 

influenced in the biomass yield and biochemical 

composition of the seaweed [7]. In natural marine 

ecosystem, subtle changes in physical and chemical 

aspects will influence seaweed ecology. They are 

susceptible with environmental changes which 

occurs naturally or by anthropogenic factors. 

Changes on abiotic factors such as light intensity, 

temperature, salinity, pH and nutrients have great 

influenced in growth, physiology and also in 

proximate and biochemical components of the 

seaweed [8, 9, 10]. It was reported that salinity and 

pH have great influence on carrageenan yield from 

red algae. Salinity affect carrageenan yield in the 

ionic equilibrium of the cell due to the negative 

charge in cation-anion balance of polysaccharide. 

Meanwhile, pH is responsible for carrageenan 

function. At low pH, carrageenan may loss its 

function where the depolymerisation might occur [1, 

11]. Meanwhile, light intensity has great influence on 

growth of the seaweed [12].  

The red seaweed Gracilaria, is one of the most 

extensively studied throughout the world due to its 

economic importance as source of food and 

hydrocolloids; agar and carrageenan [13, 14]. 

Besides, cultivation of this genus was done in few 

countries such as the Philippines, China and Malaysia 

due to the growing demand and shortage of supply 

[15].  This species is favorable as it is fast growing 

species [16] and has the ability to tolerate wide 

range of environmental changes [17]. This study was 

aimed to determine the growth rate and 

carrageenan yield of Gracilaria manilaensis under 

different salinities and pH conditions. Result of this 

study provides important information on the best 

growth condition and production of carrageenan 

yield for G. manilaensis.  

 

 

2.0  EXPERIMENTAL 
 

2.1  Sample Collection  

 

G. manilaensis was collected from Pantai Merdeka, 

Kedah. The seaweed was acclimatized for a week 

under the following conditions; 27 ºC, 23 psu and 12 

h: 12 h light: dark. Nutrient concentration of the 

seawater was determined to quantify the 

concentration of nutrient present in the seawater.   

 

2.2  Experimental G. manilaensis Culture 

 

A series of 3x3 factorial experiments consisting of light 

intensity of 500 lux with three pH values of 7.6, 7.8 and 

8.0 and three salinities values of 15, 20 and 25 psu 

were conducted simultaneously in a laboratory. 

About 4g (fresh weight) of Gracilaria was cultured in 

500 mL flask containing 300 mL of filtered seawater. 

To maintain the ambient nutrient concentration, a 

certain amount of nutrient was added every day. 

Seaweeds were gently aerated to facilitate nutrient 

uptake. The experiments were performed in triplicate 

for the duration of three weeks and the seaweed 

was weighted weekly.  

 

2.3  Measurement of Growth Rate  

 

The growth rate was measured as specific growth 

rate (SGR), expressed as the percentage increase of 

weight per day according to formula by [18]. 

 

SGR= ln (m1/m0)*100/t 

 

Where m1 refer to the final weight and m0 is the initial 
weight and t is time in days.  

 

2.4  Estimation of Carrageenan Content 

 

Seaweeds were washed with tap water and cut into 

± 1 cm length. Then, it was sun dried to constant 

weight (A).  The seaweeds were kept in dry state in 

airtight container until the carrageenan analysis was 

done.   

The clean seaweeds were soaked in distilled water 

for 15 minutes. After that, the seaweed and water 

were separated by filtration using filter paper 

Whatman no.1. For the extraction, a known amount 

of water used as solvent was heated in a beaker. The 

beaker was placed and heated inside a water bath. 

When the temperature reached 85 ºC the seaweed 

was added. The mixture was stirred at 275 rpm. The 

constant ratio of seaweed sample and volume of 

solvent that is 1 g: 50 mL was maintained by adding 

hot water. The extraction was stopped after 45 

minutes.  Filtrate was then separated from residue 

using filter cloth and cold (5 ºC) ethanol (90% w) was 

immediately poured into the extract until 

precipitation showed. This process was done by 

stirring gently by hand for 30 minutes. The 

precipitated carrageenan was collected and oven 

dried at 50 ºC – 60 ºC to a constant weight (B). 

Farmed G. manilaensis was used as control and the 

carrageenan yield was also determined.   

Carrageenan yield was quantified as ratio of 

dried carrageenan weight (B) to dried seaweed 

weight (A).  
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2.5  Statistical Analysis 

 

The significant different between each treatment 

was analyzed using two-way ANOVA. The 

relationship between growth rate and carrageenan 

contents were determined using Pearson correlation 

coefficient.  

 
 
3.0  RESULTS AND DISCUSSION 
 
Figure 1 showed the mean growth rate of G. 

manilaensis at different salinities and pH.  Overall, the 

mean rate ranges from 0.3 ± 0.1 g/days to 1.3 ± 0.2 

g/days. At salinity (a) 15 psu, the highest growth rate 

was at pH 7.6 with 1.3 ± 0.2 g/days and pH 8.0 

showed the lowest growth rate with 0.4 ± 0.5 g/days. 

For salinity (b) 20 psu, the highest growth rate was 

demonstrated at pH 7.6 and 7.8 and lowest at pH 8.0 

with 0.9± 0.3 g/days, 0.9± 0.6 g/days, and 0.3 ± 0.1 

g/days respectively. The highest growth rate at 

salinity (c) 25 psu recorded at pH 7.8 with 1.1 ± 0.4 

g/days while the lowest growth rate was 0.8 ± 0.3 

g/days at pH 8.0.    
For the carrageenan content, the yield of 

cultured species was found higher than the control.  

Carrageenan content of G. manilaensis collected 

from the farm was 50.2 ± 10.9 %. Carrageenan yield 

of the cultured samples ranges from 61.3 ± 4.9 % to 

91.7 ± 14.4 %. Figure 2 showed carrageenan yield of 

G. manilaensis at different salinities.  At salinity (a) 15 

psu, the highest carrageenan content was at pH 8.0 

whereas the lowest was at pH 7.6. The percentages 

of carrageenan recorded at this pH were 78.3 ± 20.2 

% and 66.7 ± 16.7 % respectively. For salinities (b) 20 

psu, the highest carrageenan content was observed 

at pH 7.8 with 88.9 ±19.2 % while the lowest was at pH 

7.6 with 71.7 ± 7.7 %. At salinity of (c) 25 psu, the 

highest carrageenan content was observed at pH 

8.0 with 91.7 ± 14.4 % and pH 7.8 showed the lowest 

carrageenan content with 61.3 ± 4.9 %. 

 

 

 

 

 

 

a)  

 

b) 

 

c) 

 
 

Figure 1 Mean growth rate of G.manilaensis at different salinities (a) 15 psu. (b) 20 psu. (c) 25 psu for different pH 
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(a) 

 

(b) 

 

(c) 

 
 

Figure 2- Mean carrageenan yield of G.manilaensis at different salinities (a) 15 psu. (b) 20 psu. (c) 25 psu for different pH 

 

 

Based on the statistical analysis, there is a 

significant difference between pH and growth rate 

(p<0.05) but not significant was found with salinities 

(p>0.05).  Based on this study, G.manilaensis grows 

best at pH 7.6 and 7.8 and can be cultured at a 

broad range of salinity; 15 psu up to 25 psu. At pH 8.0 

the lowest growth yield was observed at all salinities. 

However, study done by [19] on another species of 

Gracilaria revealed that salinity is positively 

correlated with growth.  

For the carrageenan yield, no significant 

difference was observed between pH and salinities 

(p>0.05). Study by [20] showed that carrageenan 

yield of Kappaphycus alvarezii, a red algae has also 

shown a negative correlation with salinity. Maximum 

carrageenan yield was recorded at salinity range of 

24-30%.  

Comparing between growth rate and 

carrageenan yield, negative correlation was 

recorded in this study. Similar relationship has also 

been reported for K. alvarezii [19]. This indicates that 

the carrageenan yield depends on different 

environmental condition as observed in this study.   

There have been numerous studies on 

physiological and biological responses of red algae 

such as Gracilaria spp. to abiotic factors such as light 

intensity, pH, salinity, temperature [22, 23]. This 

showed that environmental parameters play 

essential role in the growth and carrageenan 

contain. As recorded in this study, a significant 

difference (p<0.05) of carrageenan yield was found 

between cultured seaweed and control. This 

information is essential in order to culture G. 

manilaensis for different purposes; either aimed to 

have high biomass or produce high carrageenan for 

industrial purposes.   

 

 

4.0  CONCLUSIONS 
 

Result of this study shows that G. manilaensis has high 

carrageenan content. Both yield and growth rate 

are influenced by pH. This indicates that under 

different environmental condition the carrageenan 

content of Gracillaria can be manipulated.  

However, there is no positive relationship between 

growth rate and carrageenan yield. Therefore, 

culture of G. manilaensis should be cascaded 

according to the needs, the growth or carrageenan 

content.  
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