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Marine unicellular alga
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Natural Bloom of Dunaliella
Extreme Halotolerant Alga
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Osmotic Adaptation
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Fig. 4. Schematic representation of the volume changes
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Photosynthesis in Dunaliella
Sugar & Glycerol Biosynthesis
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Oil Price and Wars

Feasible algae for Energy at above $100/barrel (1975)

Crude Oil Prices 1998 - 2009

(Cushing, West Texas Intermediate, Monthly Averages)
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The 15t Energy Crisis
1973-5
Algae for Energy
Large scale production of

Glycerol
by
Dunaliella




15t 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 B-Carotene

Be}a-Carotene
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Chemical Scheme of Carotenoids Synthesis

all-trans B-Carotene, BASF & Roche ~1950
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Synthetic all-trans-B-Carotene

Beta-Carotene from
~ROCHE in the
production of high-
standard foods.
Ask ROCHE for
advice, know-how and
top-quality products.
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Colored Food
Synthetic all-trans-f-Carotene

Beta carotene — also known as pro vitamin A Beta carotene is commonly used as a colorant and to
m I‘::’ in soft gelatin capsules to the health provide vitamin A fortification to margarine.
ustry.

A wide range of foodstuffs can incorporate beta carotene.
— = -




Colored Fish

Synthetic
apo-Carotenal (‘“‘Carotene Pink’’)




Colored Eggs

Synthetic
apo-Carotenal




Natural

Carotenoids




BIO-Synthesis of Carotenoids
Y 2

Lipophilic pathway
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Dunaliella Research (nutrient optimization studies of 2x2 & 3x3)
The Weizmann Institute
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The Weizmann Institute
Indoors & outdoor studies
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The Weizmann Institute Dunaliella Research,
(1975-1991, the Late Prof. M. Avron)




The Weizmann Institute Dunaliella Research
(outdoor biotechnology)




Natural Carotenoid Isomers (HPLC Analysis)
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iosynthesis of B-Carotene Isomers
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Carotenoids and Isomerization

2748 J. Am. Chem. Soc., Vol. 117, N;’. 10, 1995
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The B-carotene in Dunaliella (and in fruits & vegetables) is composed

of various stereoisomers of possible nutrition/medical interest
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Dunaliella

Large Scale
Biotechnology

Cultivation & Processing




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




PC Phycology Control
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All Site PC pH Control
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Depth Control (by sonic wave)
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Volume and Salinity Control
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DUNALIELILA Harvesting

Westphalia Ltd., continuous *“‘Clarifier Centrifuges”




Clarifier Centrifuges




Common Spray Dryer




Dunaliella
Spray Dried High -Carotene Algal Powder




B-Carotene Dunaliella Powder
Vacuum Packing
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Natural B-Carotene

Dunaliella
Feeding Studies

Chickens
1990-2000




Chicks Feed

o Vitamin AL Vitamin + Dunaliela




Chicken Feed
Vitamin A deficiency & Dunaliella

hcarotene
No Vitamin A
B-carotene




Dunaliella

Chicken Study




Chicken Feed, Egg Color
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Dunaliella

Human Commercial
Products




The Blessing Of Nature Japan & Far East Market Price
IR BE )47 ~$4,000/kg algal AFDA

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

AL

Final Product
Japan

Raw algae
Israel




Dunaliella Capsules

300 mg dry powder/cap
20 mg B-carotene
9-cis/all-trans 1:1




Commercial Dunaliella
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Dunaliella Health Food Powder
Door to door marketlng by 500,000 sale agents in the Far East
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B-Carotene

Friend? 1980-90

or

Foe? 1990-2000




Vltamlns, Market Boom 1980- 1990

WHAT S WRONG WITH BILL CLINTON? “

Brown and Perot: 1-800-GUERRILLAS
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Do You Know What
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“B-Carotene Prevents or Delays Cancer”, Roche 1986

MNutritionists have found that °
people with a daily intake of fruit
“and vegetables fich in Beta-Carotene
have a lower risk of'cancer. ™
Scientists have shown

in the laboratory that

Beta-Carotene is able to /
prevent or delay cancer.

Beta-Carotene Is

'a very promising

nutritional factor in
cancer prevention.

ror scienting PuLdauu 15

please contact ROCHE




The Rise and Demise of B-Carotene
Omenn 1998

Annu. Rev. Public Health. 1998. 19:73-99
Copyright (€©) 1998 by Annual Reviews. All rights reserved

Finnish study CHEMOPREVENTION OF LUNG
CANCER: The Rise and Demise
of Beta-Carotene

Gilbert S. Omenn

Former address: School of Public Health & Community Medicine, University of
Washington, Seattle, Washington 98195-7230 and Fred Hutchinson Cancer Research
Center, Seattle, Washington 98109-1024; Current address: University of Michigan,
Ann Arbor, Michigan 48109-0624; e-mail: gomenn@umich.edu

Beta carotene/ Beta carotene
vitamin A

o beta carotene ; S— - S
N i/ KEY WORDS: fruits/vegetables, carcinogenesis, vitamin-supplements, antioxidants, vitamin A
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ABSTRACT
Beta-carotene and retinoids were the most promising agents against common
cancers when the National Cancer Institute mounted a substantial program of
2 3 ‘ / population-based trials in the early 1980s. Both major lung cancer chemopre-
Years in trial Years in trial vention trials not only showed no benefit, but had significant increases in lung
cancer incidence and in cardiovascular and total mortality. A new generation of
laboratory research has been stimulated.

Rational public health recommendations at this time include: 1. Five-A-Day
servings of fruits and vegetables, a doubling of current mean intake; 2. systematic
investigation of the covariates of extremes of fruit and vegetable intake; 3. dis-
couragement of beta-carotene supplement use, due to adverse effects in smokers
and no evidence of benefit in non-smokers; 4. multilevel research to develop and
evaluate candidate chemoprevention agents to prevent lung and other common
cancers; and 5. continued priority for smoking prevention, smoking cessation,
and avoidance of known carcinogens in the environment.




Could Synthetic B-Carotene Be the Real Problem?

Could Synth:éticl Beta-Carotene Be the Real Problem?

Copyright ) 1996 by Jack Challem, The Nulrition Reporterm
All rights reserved
_J his article is from the Seplember 1996 issue of The Nutrition Reporterm newsletter,

Smokers who look bela-carotene supplements in recent experiments may have faced a greater
risk of lung cancer because they took the synthetic form of the nutrient, a new \lu\l\

gesls. Ihe subtle differences betweén synthetic and natural 1
tluence how the body uses the nutrient.

pela-carolene do appear lo

)

Synthetic beta-carolene consists
beta-c:

just the "all-trans" isomer of the nutrienl, whereas natural
arotene ¢onsists of two different isomers, "9-cis" and "all-trans.” Isomers have [he

same
molecular formula, but a different arrangement of atoms. They're a little like anagrams, in

which the letters of one word can be rearranged to form another, such as "star" and "rats

It turns out that thé natural 9-cis isomer is a. more potent antioxidant than the all-trans,
according to Ami Ben-Amotz, Ph.,D., and Yishai
Clinical Nultrition' (May 1996;63:729-34). That

Levy, Ph.D., in the American Journal of
neans the natu

ral form has something the

synthetic does no

In experiments at Israel's National Institute of Oceano graphy, the researchers g
healthy men supplements of either natural bela-carotene from Dunaliella alg

Ve young,
: or synthetic
bela-carotene. Iil- od analyses showed the presence of the all-trans isomer of beta-carolene.
bul not the 9 form found in ns

for and fount

iISOmer

fc ral bela-carotene: However, the researchers looked
9-cis metabolic byproducts, indicating the presence and activity of the natural

.
Ben-Amolz and Levy reported experiments showing that the natural 9-cis isomer was rapidly
used up in quenching free radicals and preventing o \Idd| ve damage to cell fals. In conlrast,
much of the all-trans isomer was converted to vitamin A, which is a very weak \mlu-x.d.m.

Ben-Amolz and Levy wrote that the differences belween natural and synthetic beta-carolene
"should provoke a shift in scientific atlention to natural sources of carolenoids andWheir role
in cancer prevention." They urged thal researchers pay more atlention lo the different isomers
of beta-carotene.

An earlier study, in Free Radical Biology & Medicine (1994;1 -82) also showed that lhe
natural 9-cis isomer is a more potent antioxidant than the all-lrans form

I'he information provided by Jack Challem and The Nutrition Reporlerm newsletter is strictly
educational and not intended as medical advice. For diagnosis and treatment, consult your
physician.

uup_\r’ghl ) 1996 The '\uh lion RLp--HLI - upd]h,d 07/19/96,

for more information c« ntact the nu I I L.or

return to www.o rg/Challem (The Nutrition RLpl rier .1\\|11LanJ
you are al: www u:h]m Challem/Synth beta.html

Vitamins Natural vs. Synthetic
Posted on: 09-11-2009 , by: admin, in:
Nutrition

Beta-Carotene: The Controversy
Alternative Medicine Review, Dec, 2000
by Lyn Patrick




Carotenoids
Nutritional & Medical Effect

1. Antioxidants, cellular level?

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




B-Carotene, the Packaging Structural Model
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Conversion of cis-Carotenoids
to cis-Retinoids




9-cis p-Carotene — 9-cis Retinoic acid  9-¢js phytoene —

A acyclic (pro)-retinoid

Dunaliella Phyto-Dunaliella

PPAR

@ s——  Metabolic function
Target Gene

Dunaliella carotenes
Metabolic Molecular Function




The Blessing Of Nature
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Nikken Sohonsha Co. Network
The Far East & Japan Markets
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Production Cost

NBT Dunaliella Plant
(10 Hectares Plant)

Dunaliella
NBT Ltd., Eilat, 2009

Cost in US$/year

Manpower

500,000
(20 workers)

Electricity ($0.125/KW)

180,000

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

36,000

Domestic Land City Taxes

50,000

CO, ($400/ton)

120,000

Sea Water ($0.25/m3)

200,000

Fresh Water

20,000

Other supplies and Miscellaneous

30,000

Total

1,136,000

Yearly production of dry algae biomass

70 tons
(2g/m2/day)

Cost of 1Kg dry Dunaliella

$16.23/kg




Cognis, Whayalla (Adelaide), Australia
400 hectares

Cognis, Hutt Lagoon, West Australia
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Aboutthe Book

The green microalga Dunaliella has received renewed attention due to its biotechnology
applications including production of high-value compounds as well as generation of biofuels. The
scope of the present volume ‘The Alga Dunaliella: Biodiversity, Physiology, Genomics, and
Biotechnology is wider than the first book on Dunaliefla by Avron and Ben-Amotz published in
1992, and presents a broad collection of state-of-the-art reviews on a variety of fundamental and
applied research fields involving Dunaliella. The 21 contributions written by leading international
experts cover not only basic science regarding cultivation of Dunaliella, biodiversity, life-cycle,
pigments and photosynthesis, but also the applied fields of bioreactor design, production of
valuable compounds, biofuels, bioremediation, genetic engineering.

This book is an essential read for researchers in the field, while at the same time providing a
valuable resource for teaching of advanced undergraduate, graduate, and postgraduate
students who are interestedin algae.

The Alga Dunaliella

Biodiversity, Physiology, Genomics
and Biotechnology

Aboutthe Editors

Dr. Ami Ben-Amotz is Emeritus Professor of Marine Phycology at the National Institute of
Oceanography (NIO) in Haifa, Israel. He initiated research on the biology, physiology,
biochemistry and biotechnology of Dunaliella in long collaboration with the late Prof. M. Avron of
the Weisman Institute of Science (WIS). The fruitful cooperation led the way to establishment of
the commercial Dunaliella production plant in Eilat. Prof. Ben-Amotz served as Head of the
Department of Marine Biology at NIO and Head of the Dunaliella Section at the WIS, Chief
Scientist of Nature Beta Technologies Ltd., (NBT) and recently as Chief Scientist of Nikken
Sohonsha Co., Japan. Prof. Ben-Amotz served as President of the 8" International Marine
Biotechnology Conference, held in Eilat in March 2007.

Dr. Jiirgen Polle is an Associate Professor in the Department of Biology and Associate Director
of the Aquatic Research & Environmental Assessment Center at Brooklyn College of the City
University of New York. He received his Doctorate in Biology from the Georg-August University in
Gottingen, Germany and he is an alumnus of the German National Merit Foundation. He
performed postdoctoral research from 1997 to 2002 at the University of California at Berkeley. At
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