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Abstract 

The aim of this research was to cultivate the micro 

algae Dunaliella salina isolated from the Dead Sea by 

using a certain media. The cell number was found to be 

330,000 cells per ml after one month of cultivation. The 

cultivation was carried out using the pilot plant which 

was designed and manufactured locally. The micro algae 

was harvested and centrifuged, after that it was 

subjected to solvent extraction using ethanol as a 

solvent. The extracted β- Carotene was subjected to 

enzymatic oxidation using 15, 15’-beta- beta carotene 

dioxygenase enzyme with a purity of 99.9 %, for one 

hour at 25 °C. The product was subjected to freeze 

drying  for 4 hours, and the resulted powder was 

analyzed using IR- spectrophotometry, HPLC, and 

Atomic Absorption Spectrophotometry. Both the purity 

of the produced natural vitamin A which was well over 

99%, and the quantity were within the expected limits. It 

is evident that this process which was performed on the 

pilot plant scale should find its way for 

commercialization throughan industrial plant. 
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1. Introduction  

1.1 Closed cultivation systems 

Closed systems are dominated by tubular and flat-plate 

reactors. Other options are bags, coils or domes. Flat plate 

systems have received a lot of attention due to their large 

illuminated surface area, but the technology suffers from 

heating problems and a strong tendency to build up 

biofilm formations on the inner walls. Tubular systems on 

the other hand reduce these drawbacks while maintaining 

the advantages of optimal light input and high 

productivity.[1- 4] 
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Fig.(1.1) closed tubular system. 

1.2 Subitec’s bioreactor technology  

The worldwide patented Flat Panel Airlift (FPA) 

photobioreactor represents the basis for the industrial 

exploitation of microalgal biomass and their substances. 

Using the sun as source of energy and flue gases as the 

source of CO2 high biomass concentrations may be 

reached at high productivity. Resources such as water and 

nutrients are conserved. Therewith, prerequisites for an 

outdoor commercial mass production of microalgae are 

met. 

Due to the minor risk of contamination, reasonable 

manufacturing costs, high volumetric productivity and 

low energy input microalgae production becomes viable 

in Central European regions. 

Algal biomass may be used for the extraction of high 

valuable products for the chemical and cosmetics industry 

as well as for food supplements and feed. Moreover does 

the FPA photobioreactor allow for the production of algal 

biomass with net-energy-yield – the fundamental 

prerequisite for the energetic exploitation of the biomass 

as biodiesel, bioethanol or biogas.[3] 

 

2. Theory 

2.1 β-Carotene and VitaminA 

β-Carotene is an organic compound and classified as 

carotenoid. It is a fat- soluble compound naturally 

present in many fruits, grains, oils and vegetables (green 

plants, carrots, spinach, and green peppers), and 

sometimes added to foods or vitamin supplements as a 

nutrient. 

Vitamin A is a fat soluble vitamin that is stored in liver. It 

contributes to normal growth and development while 

keeping eyes, skin and immune system healthy. Vitamin 

A usually comes from animal food source, but it can also 

made from compounds found in plant found in plant 

foods, called carotenoids like β-Carotene are found in 

plants such as dark or yellow vegetables andcarrots.[5] 

2.2 Vitamin A forms : 

-Retinyl Esters: this is the Vitamin A form found in 

animalproducts. 

-β -Carotene:this is the Vitamin A form found in 

plantsource. 

-Retinol: this is the major form of Vitamin A which gets 

to travel throughout the body. It is also supports the 

skin’s immunefunction. 

-Retinal: this is the form needed to help with nightvision. 

-Retinoic acid: this is the form act as a hormone, at 

which it affect the genes of the cell and helps in the 

proteinssynthesis. 

β-Carotene  is  an  excellent  source  ofVitamin A 

;because the β-Carotene is converted into Vitamin A in 

the body
.
 There are two ways in which β-Carotene can be 

converted toVitaminA
.
.[6-7] 

a. By breaking the β-Carotene molecule from oneend. 

b. By cleavage at thecentre. 

 

 
Fig. (2.1) β-Carotene and Vitamin A structure. 

  

 

2.3 Astaxanthin(C40 H52 O4) 

2.3.1Astaxanthin (3,3'-dihydroxy-3,3’-carotene-4,4'-

dione) is a member of the  

carotenoid family which is widely distributed in nature 

and could be found in many 

 sea organisms; such as salmon, shrimp and lobster; and in 

birds such as flamingo and quail. Astaxanthin benefits on 

thebody:[8-9] 

1. Astaxanthin for jointpains: 

Astaxanthin shows that it’s very effective for all 

types of the joint pains; at which it reduces joint and 

muscle pain and inflammation, including the tennis 

elbow and carpal tunnelsyndrome. 

2. Astaxanthin forskin: 

Evidence shows that the Astaxanthin does not only 

prevent UV light (UVA and UVB) damage the skin, but 

can also improve skin quality; due to its powerful anti- 

inflammatoryproperties. 

3. Astaxanthin for athleticperformance: 

It is proved that Astraxanthin reduces recovery time 

of athletics and prevents joint and muscle soreness 

afterexercise. 

4. Astaxanthin forinflammation: 

Researches shows that it is considered as an 
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alternative to anti-flammatories such as aspirin and 

prescription drugacetaminophen. 

Otherbenefits: 

- dyspepsia and diabeticneuropathy. 

- Stroke: repair damage caused by lack ofoxygen. 

- Benefit to the eyes health and it prevent 

theblindness. 

- Astaxanthin helps to stabilize blood sugar, 

thereby protecting yourkidneys. 

- Alzheimer’s and Hankinson’s diseases; the 

brain is made of 60% of fat,  that’s why 

astaxanthin is considered as an astounding 

health benefits to brain in which it prevent the 

brain cell that leads to dementia and 

Alzheimer.[10-11] 

2.4Phototube bioreactor (The pilot plant): 

Thephototube bioreactor consists of 17 tubes with 60cm 

length, and 5.08cm in diameter. Connected between each 

other by elbows, it has one inlet and one outlet,the inlet 

connected with 140 L/min centrifugal pump. The outlet 

stream withdrawn in 60L tank.The components of the 

pilot plant are shownin table (2.1). 

 

 

 

 

 

Fig. (2.3) ThePhototube Bioreactor (Pilot plant) 

 

Table(2.1);Components of the phototube 

bioreactor (pilot plant) 

 Equipment's 

component 

Dimension 

1- Pipe length 60 cm *17 

2- Pipe diameter 5.08 cm 

3- Pump Hp 0.5 KW 

4- Tank volume 60 L 

5- Elbow 2 inch  

6- Stand  height 2m 

7- Base width  1m 

8- Pump flow rate 140 L/min 

 

3.Methodology 

Dunaliella was collected from the Dead Sea. It was 

isolated and cultured usingJohnson media. The Dunaliella 

was cultured in the phototube bioreactor (the pilot 

plant).After 30 days of cultivation, the cells were counted 

and was approximately 330,000 cell/ml , The color at first  

was  light yellow , then it turned to orange .Figure (3.1) 

shows the production line of producing the natural smart 

biopharmaceuticals such as β- carotene, vitamin A, and 

Astaxanthin. 

The production line consists of the following steps: 

Cultivation in the phototube bioreactor (the pilot plant), 

centrifugation, extraction of β-Carotene with ethanol, 

enzymatic oxidation, and freeze drying. 
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Fig.(3.1) Production line of the smart 

natural biopharmaceuticals 

  

3.1 Cultivation ofAlgae 

Algae use the sunlight for the process of photosynthesis, 

this process is an important biochemical process at 

which it converts the energy of sunlight into chemical 

energy. Algae captures light energy through 

photosynthesis and converts inorganic substance into 

simple sugars using thecaptured energy. 

3.2 Centrifugation 

The centrifugal process was used to 

separate the biomass from the media at a 

speed of 7000 r.p.m. for 5 minutes. Several 

samples were centrifuged to collect a 

certain amount of biomass. 

3.3 Extraction 

Biomass was subjected to extraction using ethanol as a 

solvent, in order to separate the ß-carotene from the 

biomass. 

3.4 Enzymatic oxidation 

The extracted β-carotene was added to the bioreactor with 

2g of enzyme (β,β- carotene 15, 15’-dioxygenase), the 

temperature was regulated at37C with a speed of mixing 

at300 r.p.m. for almost one hour. 

Figure (3.2) shows the bioreactor in which the enzymatic 

oxidation reaction took place under nitrogen atmosphere. 

 

 

 

3.5 FreezeDrying 

Freeze drying is a dehydration process typically used to 

preserve a degradable material or make the material 

more convenient for transport. Freeze- drying works  

by freezing the material and then reducing the 

surrounding pressure to allow the frozen water in the 

material to sublime directly from the solid phase to 

gasphase. 

 Freeze drying occurs by : 

-Freezing the solution into solidphase. 

 

-Sublimating the solvent ice crystals to obtain 

gaseousphase. 

β-carotene crystallization was achieved at 0 -1.52 hpa 

pressure and-70 Cotemperature ,the run time was 4 hours 
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Fig.(3.2) Bioreactor under nitrogen gas 

 

 

 

 

 

Figure (3.3) Freeze Drying Process. 

 



 

6 
 

The Eighth Jordan International Chemical Engineering Conference (JIChEC 2017) 

November 7-9, 2017 

4.Results and Discussions 

The main aim of this research was to produce smart natural 

biopharmaceuticals from  

Dunaliella salina isolated from the Dead Sea. The  

microalgae was cultivated  in a  

photo tube bioreactor pilot plant designed and 

manufactured locally. The cell count  

after one month cultivation was 330000 cell/ml. The 

microalgae was harvested, then 

β-carotene was extracted using ethanol as a solvent. The 

produced amount of  

natural vitamin A was 1.885 gm per cycle. It is possible to 

produce 200 gm per day  

by this pilot plant. 

Four tests were carried out for the produced natural 

Vitamin A ,the used instrument was {HPLO5}, the 

software was {LC solution 1.25}, the injection volume was 

100 μL, the method used was  

{@H:\...\141113\Data\14113-Rep1.1cd} , the pump flow 

rate was 1.000mL/min , the cooler temperature was 5°C, 

the oven temperature was 25 °C.The purity of the produced 

natural vitamin-A in the first test was (99.64%) , the purity 

of the produced vitamin-A in the second test was (98.72%) 

, the average purity of the produced vitamin-A was 

(99.18%).In test number 3; the average concentration of 

produced vitamin-A was (99%), in the fourth test the 

average concentration of produced vitamin-A was (100%). 

All the four tests were carried out at the Quality Control 

Department at Al Hikma Pharmaceuticals – Amman.  

Figure (4.1) shows the absorption spectrum of β-Carotene 

and Astaxanthin. It reveals that the produced β-carotene 

contains 9, 13, and 15 cis Astaxanthin. Table (4.1) shows 

heavy metal ions test results obtained from  the Atomic 

Absorption Spectrophotometer (AAS).As can be seen from 

table (4.1), and Figures(4.2, 4.3) the tested heavy metal 

ionsconcentration both in the enzyme and in the produced 

natural vitamin A was well below  the permissible value 

according to the British standard values. 

 

Fig. (4.1) Absorption spectrum of β- Carotene 

and Astaxanthin 

Table 4.1 : data for heavy metal tests  

Heavy MetalIons Sample Vitamin A (ppm) Sample enzyme (ppm) Standard 

Co 0.4756 0.4642 25 

Ni 0.5541 0.54 25 

Fe 1.0761 0.4372 1300 

Zn 3.2309 0.1081 1300 

Mn 2.1696 0.0499 250 

mailto:%7b@H:/.../141113/Data/14113-Rep1.1cd%7d


 
 

  

 

 

 

Fig.(4.2) Heavy metal ions in vitamin A 

compared with the standard permissible values. 

 

 

 

 

 

 

 

Fig.(4.3) Heavy metal ions in the enzyme 

compared with the standard permissible values. 
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5.Conclusions and Recommendations 

5.1 Conclusions 

1- 

Dunaliellasalinawascultivatedusingacertainmediaandthe

cellcountwas  330000 cells per ml after one month 

ofcultivation. 

2-β- carotene was extracted using ethanol as asolvent. 

3-The enzymatic oxidation was carried out 

using the enzyme 15,15’-beta- beta 

carotene dioxygenase. 

4-The freeze drying step was performed at -70 Co and 

1.52 hpa. 

5-The resulted natural vitamin A powder was ultra pure 

(>99% ) according to the test results of heavy metal 

ions carried out using AAS, and by using HPLO5 

instrument at the research lab ofAl- Hikma 

pharmaceutical Company. 

6-The absorption spectrum  of β-Carotene samples 

showed the presence of  9,13 and 15 cis Astaxanthin. 

7- The designed and manufactured phototube 

bioreactor pilot plant gavebetter results compared with 

cultivation in open ponds, since no contamination 

occurs in such closed cultivation system. 

 5.2 Recommendations 
1- Using Subitec cultivation system. 

2-  Analyzing the product in international 

laboratories. 

3- Scale up of the pilot plant for industrial 

commercialization of the process 
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