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Background



DunaliellaDunaliella, , ChlorophtyaChlorophtya,, VolvocalesVolvocales

Marine unicellular alga
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Natural Bloom of Dunaliella 

Extreme Halotolerant Alga

Surviving in 

saturated

salt (>32%)

Accumulating

osmotic

cellular glycerol
(>60%)

to the Great Salt Lake

From Sea Water



Halotolerant Algae 

Surviving in 

saturated

salt (>32%)



Osmotic Adaptation



Photosynthesis in Dunaliella 

BiosynthesisGlycerol&Sugar 



Halotolorance in 

Dunaliella

Katz et al., 2009



Oil Price and Wars
Feasible algae for Energy at above $100/barrel (1975)



The 1st Energy Crisis 

1973-5

Algae for Energy

Large scale production of 

Glycerol
by 

Dunaliella



1st Energy Crisis 1975, Glycerol Algal Farm, 
500 hectares in Sinai



Algae & Oil Price

1975 

oil price dropped down 
Dunaliella Project was stopped

Until then
Search for High Value Algal Products 



Dunaliella

High Value 

Products



all-trans ββββ-Carotene



Chemical Scheme of Carotenoids Synthesis

all-trans ββββ-Carotene, BASF & Roche ~1950

all-trans ββββ-carotene



Synthetic all-trans-ββββ-Carotene

Low fat solubility

Crystals & Oil emulsion



Colored Food 

Synthetic all-trans-ββββ-Carotene



Colored Fish

Synthetic 

apo-Carotenal (“Carotene Pink”)



Colored Eggs

Synthetic

apo-Carotenal



Natural 

Carotenoids



BIO-Synthesis of Carotenoids

Polar pathway

Lipophilic pathway



Dunaliella Research (nutrient optimization studies of 2x2 & 3x3) 

The Weizmann Institute 



The Weizmann Institute 

Indoors & outdoor studies



The Weizmann Institute Dunaliella Research, 

(1975-1991, the Late Prof. M. Avron)  



The Weizmann Institute Dunaliella Research 

(outdoor biotechnology)



Natural Carotenoid Isomers (HPLC Analysis)



Biosynthesis of ββββ-Carotene Isomers



Carotenoids and Isomerization



The ββββ-carotene in Dunaliella (and in fruits & vegetables) is composed 

of various stereoisomers of possible nutrition/medical interest



Dunaliella
Large Scale

Biotechnology 
Cultivation & Processing



Dunaliella Biotechnology 
Intensive Plant, NBT. Ltd., Eilat, Israel



PC Phycology Control



Dunaliella Ponds



All Site PC pH Control



Depth Control (by sonic wave)



Volume and Salinity Control



DUNALIELLA Harvesting
Westphalia Ltd., continuous “Clarifier Centrifuges”

Dunaliella Paste



Clarifier Centrifuges



Common Spray Dryer



Dunaliella
Spray Dried High ββββ-Carotene Algal Powder



ββββ-Carotene Dunaliella Powder 
Vacuum Packing



Natural ββββ-Carotene 

Dunaliella 

Feeding Studies 

Chickens
1990-2000



Chicks Feed
+ DunaliellaNo Vitamin A + Vitamin A + Synthetic ββββ-carotene



Chicken Feed 

Vitamin A deficiency & Dunaliella

Dunaliella 
ββββ-carotene

No Vitamin A



Dunaliella
Chicken Study

Control Dunaliella



Chicken Feed, Egg Color



Dunaliella 

Human Commercial 

Products



Japan & Far East Market Price 

~$4,000/kg algal AFDA

(ββββ-Carotene Health Food)
Total sale ~$US 100 million/year

Raw algae

Israel

Final Product

Japan



Dunaliella Capsules
300 mg dry powder/cap

20 mg ββββ-carotene
9-cis/all-trans 1:1



GROUP OVERVIEW (CONT.)Commercial Dunaliella



Dunaliella Health Food Powder 
Door to door marketing by 500,000 sale agents in the Far East



Dunaliella ββββ-Carotene Cosmetics



ββββ-Carotene

Friend? 1980-90 
or

Foe? 1990-2000



Vitamins, Market Boom 1980-1990



“ββββ-Carotene Prevents or Delays Cancer”, Roche 1986



The Rise and Demise of ββββ-Carotene
Omenn 1998



Could Synthetic ββββ-Carotene Be the Real Problem?

Beta-Carotene: The Controversy

2000Dec, , Alternative Medicine Review

Lyn Patrickby 

Vitamins Natural vs. Synthetic

Posted on: 09-11-2009 , by: admin, in: 

Nutrition



Carotenoids
Nutritional & Medical Effect

1. Antioxidants, cellular level?

2. Pro-retinoic acids, molecular level?
3. Structural?

4. Other?



ββββ-Carotene, the Packaging Structural Model
all-trans (crystals, not absorbed)

all-trans/9-cis (oily, absorbed)

9-cis (oily, absorbed)



Conversion of cis-Carotenoids

to cis-Retinoids



99--cis cis ββββββββ--CaroteneCarotene 99--cis Retinoic acidcis Retinoic acid

PPARPPAR
RXR RXR && propro--RXRRXR

AGGTCA TAGGTCA Target Gene

PPREPPRE

NucleusNucleus

DunaliellaDunaliella

Metabolic functionMetabolic function

Dunaliella  Dunaliella  carotenescarotenes
Metabolic Molecular Function

9-cis phytoene

acyclic (pro)-retinoid

Phyto-Dunaliella





Nikken Sohonsha Co. Network

The Far East & Japan Markets



Natural

Carotenoids



Dunaliella

NBT Ltd., Eilat, 2009

Item

Cost in US$/year

500,000 
(20 workers) 

Manpower 

180,000 Electricity ($0.125/KW) 

36,000 Fertilizers (N,P,K, Fe) and other chemicals 

50,000 Domestic Land City Taxes 

120,000CO2 ($400/ton) 

200,000Sea Water ($0.25/m3)

20,000Fresh Water 

30,000Other supplies and Miscellaneous 

1,136,000Total 

70 tons

(2g/m2/day)

Yearly production of  dry algae  biomass 

$16.23/kgCost of 1Kg dry Dunaliella

Production Cost
NBT Dunaliella Plant

(10 Hectares Plant)

Production Cost
NBT Dunaliella Plant

(10 Hectares Plant)



Cognis, Hutt Lagoon, West Australia 

400 hectares 

Cognis, Whayalla (Adelaide), Australia

400 hectares 
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