Health Benefits and Production Methods of Natural Astaxanthin
Introduction
The world is a stressful and busy place.

Advances in technology and science have

created a modern age which has benefited mankind with increased food production, supply
of clean water, and an overall increase productivity. However, with so much activity, more
is expected of everyone, and stress, pollution and the environment are taking a heavy toll
on our overall health and well-being.

According to researchers at Carnegie Mellon University in Pittsburgh, stress increased 18%
for women and 24% for men from 1983 to 2009, who analyzed data from more than 6,300
people. Also, in UK, 68% of the people of the mid-aged said their life is tougher than 40
years ago despite the improved working conditions, freedom and vast array of ways to
splash the cash.(STYLES, 2013)

The need for Pro-Health Compounds - Antioxidants
Today, children spend many hours each day viewing HD screens, Tablet PCs, and Smart
Phones, ruining their eyesight much more quickly than their parents. Huge quantities of
pollutants like car exhaust, industrial waste, and food chemicals are found in our diet, and
carcinogens produced from overcooked food, irritate the cells in our body, and emit free
oxygen radicals, which break down cell membranes and damage DNA. These free radicals
are similar in their effect, as rust is to delicate machinery. Once the parts are worn and
rusty, there is greater chance that the entire system be broken down. These molecules
have very high reactivity and are produced by normal aerobic metabolism in organisms.
Excess oxidative molecules may react with proteins, lipids and DNA through chain reaction,
to cause protein and lipid oxidation and DNA damage which are associated with various
disorders. As the result, we may suffer an acceleration of fatigue and aging process. Many,
if not all of these free radicals can be controlled by a proper diet.
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When we consume a diet with fresh fruits and vegetables that are rich in phytochemicals
and antioxidants, these nutrients counter the damage that the environment takes on our
bodies each day. Unfortunately in our fast paced lifestyle, we consume too many fats,
sugars, and processed foods, which in addition to the environment, are also taking their
toll on our bodies. One approach is to take large amounts of multivitamins, which are
generally beneficial, but questionable when many of the vitamins contained in these pills
are from less bioavailable synthetic sources, and in many cases contain chemical solvents
themselves. Moreover, plenty of people could not avoid eating too much of the “junk food”
or maintain a healthier daily diet. For these people, they may require extra strength
antioxidants that they cannot acquire from the food and normal supplement.

Dietary supplements are designed to assist in the maintenance of good health, and are not
intended to diagnose or cure diseases. Pro-Health ingredients such as antioxidants are
recommended keep our cells alive longer. Antioxidants are chemicals that can prevent or
slow cell damage. It stands to reason that if we can extend the life of our cells, we as
individuals will live longer. The most familiar antioxidants that people are aware of include,
Vitamin A, Carotenoids, and Vitamins C and E.

Nature provides numerous antioxidants in the form of phytochemicals. It appears that the
most powerful antioxidant to date however is natural Astaxanthin. In research conducted
by Nishida, astaxanthin was tested and compared to other antioxidants in its ability to
combat singlet oxygen. Singlet oxygen is an active oxygen species generated in human
skin by exposure to ultraviolet radiation (UV) that causes skin damage and eye damage.
The Nishida study demonstrated that Astaxanthin extracted from Haematococcus
microalgae powerfully quenched singlet oxygen. Results showed that the quenching effect
of Astaxanthin is 800 times greater than coenzyme Q10; 75 times greater than alpha lipoic
acid; 550 times greater than green tea catechins, and 6000 times greater than Vitamin C
(Nishida, September 2007).
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Figure 1 Relative singlet oxygen quenching activity among different nutrients

This exceptional antioxidant activity suggests that astaxanthin is an optimum ingredient
choice for eye protection, skin health, anti-ageing, anti-fatigue, or any condition where
protection from free radicals is needed.

What is Astaxanthin?
Astaxanthin is a carotenoid, and member of the xanthophylls, because it contains not only
carbon and hydrogen but also oxygen atoms (Figure 1). In nature, Astaxathin is found in
algae and is what gives salmon, shell fish, and flamingoes their red color. Astaxanthin
consists of two terminal rings joined by a polyene chain. This molecule has two asymmetric
carbons located at the 3, 3’ positions of the £-ionone ring with hydroxyl group (-OH) on
either end of the molecule. In case one, hydroxyl group reacts with a fatty acid then it forms
mono-ester, whereas when both hydroxyl groups are reacted with fatty acids the result is
termed a di-ester. Astaxanthin exists in stereoisomers, geometric isomers, free and
esterified forms. All of these forms are found in natural sources. The stereoisomers (3S,
3’S) and (3R, 3’R) are the most abundant in nature. Haematococcus biosynthesizes the
(3S, 3’S)-isomer whereas yeast Xanthophyllomyces dendrorhous produces (3R, 3’R)isomer. Synthetic astaxanthin comprises isomers of (3S, 3’S) (3R, 3’S) and (3R, 3’R).
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Astaxanthin has the molecular formula C40H52O4. Its molar mass is 596.84 g/mol. (Ambati,
Phang, Ravi, & Aswathanarayana, 2014)

Figure 2 Astaxantin Chemical Structure

Astaxanthin contains conjugated double bonds, hydroxyl and keto groups. It has both
lipophilic and hydrophilic properties. The red color is due to the conjugated double bonds
at the center of the compound. This type of conjugated double bond acts as a strong
antioxidant by donating the electrons and reacting with free radicals to convert them to be
more stable product and terminate free radical chain reaction in a wide variety of living
organisms. Astaxanthin showed better biological activity than other antioxidants, because
it could link with cell membrane from inside to outside. (Figure 3)

Figure 3 Structure of different chemicals on the cell membrane
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Health Benefits from Astaxanthin
1. Eye and Brain Benefits
Among over 700 different carotenoids, astaxanthin is the only known carotenoid which is
able to cross blood-brain and blood-retinal barriers. This unique feature in addition to its
status as the most powerful antioxidant has resulted in may supplement companies
referring to astaxanthin as the “King of Carotenoids”. The evidence indicates that most
diseases associated with the eyes and brain are the result of oxidation and/or inflammation.
Our eyes in fact are subjected to much higher levels of oxidation than our ancestors. Eye
fatigue is a serious problem among those working long hours at visual display terminals.
Many of these people complain they are suffering eye strain, blurring and diplopia. In a
double blind study performed in Japan, after four weeks of supplementation with 5 mg of
Astaxanthin per day (extracted from Haematococcus algae meal) the authors reported a
46% reduction in the number of eye strain subjects. (Nagaki et al., 2002) Free radicals and
singlet oxygen oxidize the polyunsaturated fatty acids in the retina which leads to functional
impairment of the retinal cell membranes causing temporary and permanent damage to
the retinal cells. Once damaged occurred on the retinal cells, it cannot be repaired.
However, research found that astaxanthin could attenuate the apoptosis of retinal ganglion
cells in db/db mice by inhibition of oxidative stress.(Dong, Jin, Lu, & Kang, 2013) In addition,
another group of scientists has investigated the protective effects of a dietary
carotenoid, astaxanthin, against light-induced retinal damage, the result suggest
that astaxanthin could effectively alleviate the damage via the mechanism of its
antioxidative effect.(Otsuka et al., 2013) Currently, pharmaceutical manufacture are
planning to add the astaxanthin into the eye drops to treat the UV damage to the
eyes.(Lennikov et al., 2011)

One of the earliest studies demonstrating the benefit of carotenoids such as Astaxanthin
to eye health occurred in 1996, with a patent titles, “Method of retarding and ameliorating
central nervous system and eye damage” (US5527533 A) by Dr. Tso of the University of
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Illinois.

The Tso patent expired in 2013, now permitting the claim that Astaxanthin

supports eye and brain protection is public domain.

Brain-ageing is an important concern in the aging process. Considerable experimental
evidence suggests that brain aging has been implicated in the development of
neurodegenerative diseases, such as Alzheimer's disease (AD) and Parkinson's disease
(PD). Thus, it is extremely important to search for materials which can prevent or retard
brain aging and to explore the preventive mechanism. Therefore, Astaxanthin, a potent
antioxidative, anti-inflammatory, cardiovascular and neuroprotective effects, has received
great attention as its potential ability to help the brain. A number of studies have been
published showing the potential brain health benefit from different aspects. Zhang et al.
conducted the experiment using mice with early brain injury after experimental
subarachnoid hemorrhage, and the result found using astaxanthin could significantly
alleviate the early brain injury potentially through its powerful antioxidant property.(Zhang
et al., 2014) Wu et al. also investigated protective effects and mechanism through
administration of astaxanthin. They found astaxanthin treatment significantly restored the
activities of glutathione peroxidase (GSH-PX) and superoxide dismutase (SOD), and
increased glutathione (GSH) contents and total antioxidant capacity (T-AOC), but
decreased

malondialdehyde

(MDA),

protein

carbonylation

deoxyguanosine (8-OHdG) levels in the brains of aging rats.

and

8-hydroxy-2-

Additionally, AST

ameliorated histopathological changes in the hippocampus and restored brain derived
neurotrophic factor (BDNF) levels in both the brains and hippocampus of aging rats. These
results suggested that Astaxanthin could alleviate brain aging, which may be due to
attenuating oxidative stress, ameliorating hippocampus damage, and upregulating BDNF
expression.(Wu et al., 2014) Moreover, the astaxanthin was proofed to be effective to
improve the cognitive function in the healthy aged individuals. 96 subjects by a randomized
double-blind placebo-controlled study was conducted. They ingested a capsule
containing astaxanthin-rich Haematococcus pluvialis extract, or a placebo capsule for 12
weeks. Somatometry, haematology, urine screens, and Cog Health and Groton Maze
Learning Test were performed before and after every 4 weeks of administration. Changes
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in cognitive performance and the safety of astaxanthin-rich Haematococcus pluvialis
extract administration were evaluated. Cog Health battery scores improved in the highdosage group (12 mg astaxanthin/day) after 12 weeks. (Katagiri, Satoh, Tsuji, & Shirasawa,
2012)

And it’s not just macular degeneration and Alzheimer’s to be concerned with, but a whole
list of potential problems associated with oxidation and inflammation in the brain and eyes.
Here are the other detrimental conditions can be developed: (Bob Capelli, 2013)
z

Glaucoma

z

Cataract

z

Retinal arterial occlusion

z

Venous occlusion

z

Diabetic retinopathy

z

Age-related macular degeneration

z

Injuries resulting from trauma47

z

Inflammatory injuries

z

Alzheimer’s disease

z

Parkinson’s disease

z

Huntington’s disease

z

Amyotrophic lateral sclerosis (Lou Gehrig’s disease)

z

Senility

z

Other forms of age-related dementia

2. Cardiovascular System
The heart disease and stroke are the leading causes of death in the world. Every 33
seconds someone in the United States dies from cardiovascular disease which is
roughly the equivalent of a September 11th-like tragedy repeating itself every 24 hours,
365 days a year. Currently, an estimated 80 million Americans have one or more types
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of heart disease.("Heart Disease: Scope and Impact," 2014) The situation become
more serious in the developed countries. As the wealth level increase, people has
become less active and more overweight. More and more people are dying from heart
disease in the 21st century. A supplement that can help prevent heart disease could be
beneficial for millions of people around the world. Now plenty of studies found the
natural astaxanthin is effective to minimize the risk of a heart attack or stroke. The
antioxidant power and the ability to reduce inflammation are two major cardiovascular
benefits that were illustrated by many researches. They found ingestion of the natural
astaxanthin each day will significantly improve the blood flow time and reduce the blood
pressure.(Miyawaki, Takahashi, Tsukahara, & Takehara, 2008) There are two kinds of
the lipoproteins exist in our blood vessel: the low density lipoprotein (LDL, bad
cholesterol) and triglycerides, and high density lipoproteins (HDL, good cholesterol).
The buildup of bad cholesterol in the blood vessel will lead to a blockage of blood flow,
increase the blood pressure, which is potential threat for many kinds of cardiovascular
disease. The research found natural astaxanthin could raise the level of HDL and
reduce the level of LDL. The experiment was conducted first on the rats, then the first
human clinical trial was conducted in Japan. It was found very promising effect on LDL
reduction. So they conclude the astaxanthin inhibits LDL oxidation and possibly
contribute to the prevention of atherosclerosis.(Iwamoto et al., 2000) Later, Dr. Hussein
confirmed the assumption done by the precisely study. And he found the significant
positive effect between the ingestion of natural astaxanthin and reduction of blood
pressure.(Hussein

et

al.,

2007)

Yang

and

his

colleges

also

found

Astaxanthin supplementation lowers plasma triglyceride concentrations in diet-induced
obese C57BL/6J mice. (Xu et al., 2014) Ryu’s research found oral administration of the
novel astaxanthin prodrug (CDX-085) shows that it distributes among lipoproteins.
CDX-085 lowers total cholesterol and aortic arch atherosclerosis.(Ryu et al., 2012) In
2010, scientist at Washington state university concluded that natural astaxanthin may
have benefit for cardiac protection after their rodent study showed that astaxanthin
positively impacted the heart’s mitochondrial membrane. (Nakao et al., 2010) Recently,
Xu et. al found A combination of flaxseed oil and astaxanthin can improve oxidative
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stress, lipid abnormalities and inflammation, providing evidence that this combination
could be a promising functional food in cardiovascular health promotion.(Xu et al.,
2014)

There is still more human clinic research need to do to fully understand the mechanism of
how astaxanthin improve the cardiovascular system. The current scenario we have seen
that natural astaxanthin alleviate the symptoms of the heart disease suffered by human
would be beneficial to more people with the research was going deep.

3. Immune System
Immune-system cells are extremely sensitive to free-radical damage, in part because their
cell membranes contain a high percentage of polyunsaturated fatty acids (a common target
of free radicals). Antioxidants in general, and astaxanthin in particular, offer important
protection against free-radical onslaught to preserve immune-system defenses. In the first
human study examining Astaxanthin’s effect on immune response, researchers from
Washington State University divided 42 women into one of three groups: placebo, 2 mg
astaxanthin, or 8 mg astaxanthin daily. After eight weeks of supplementation, blood levels
of astaxanthin in both astaxanthin groups were found to be significantly higher and, not
surprisingly, were highest in the subset of women taking the highest amount of astaxanthin.
In addition, both levels of astaxanthin supplementation improved activity of natural killer
cells, which target and destroy cells that have become infected with viruses. Taking
astaxanthin also raised levels of T and B cells, key cells of the immune system. This study
also found that a marker of DNA damage was much lower in the astaxanthin groups,
compared to the placebo group. In addition, C-reactive protein (a marker of inflammation)
was also significantly lower in those supplementing with astaxanthin. (Park, Chyun, Kim,
Line, & Chew, 2010) Dr. Chew from Washington State University concluded that Natural
astaxanthin help to improve the human immune system through following route:
x

Stimulates lymphocyte proliferation
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x

Increases the total number of antibody producing B-cells

x

Produces increased number of T-cells

x

Amplifies natural killer cell cytotoxic activity

x

Significantly increases delayed-type hypersensitivity response

x

Dramatically decreases DNA damage

To summarize, these results show that Astaxanthin works through many different pathways
to support healthy immune function in humans.

4. Skin Care
Photoaging is caused by the superpositioning of chronic ultraviolet (UV)-induced damage
on the intrinsic aging process and accounts for the majority of age-associated changes in
skin appearance. Aged skin, especially photoaged skin, manifests as a decrease of skin
thickness and elasticity, skin dryness, epidermal barrier dysfunction, and changes in
pigmentation. (Yoon et al., 2014) By preventing UV damage, skin can be protected from
these conditions. Recent research found that natural astaxanthin not only prevent UV
damage from occurring, but may actually help to reverse these external signs of aging from
the inside out. In reality, a Hollywood star, Gwyneth Paltrow and Super model Heidi Klum
both using the astaxanthin to help their skin.(RAWI, Nov. 2011)

Due to the strong anti-

oxidant property, natural astaxanthin has the ability to scavenge skin-damaging free
radicals. Even though astaxanthin is widely distributed through most organs in the body, it
accumulates in the skin, where it makes its way into all skin layers (topical sunscreens can
reach only the outermost layers). This can provide potent protection against ultraviolet
radiation, the most powerful environmental risk factor for skin cancer. (Hawkins, April, 2013)
Besides, it is reported that natural astaxanthin has several benefits listed below:
x

Fights wrinkles

x

Improves skin elasticity

x

Reduces visible signs of UV-aging within four to six weeks of use

x

Maintains a youthful appearance

x

Reverses premature signs of aging

x

Reduces the risk of skin cancer
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Recently, several human clinical studies were performed. One was an open-label noncontrolled study involving 30 healthy female subjects for 8 weeks. Significant
improvements were observed by combining 6 mg per day oral supplementation and 2 ml
(78.9 μM solution) per day topical application of astaxanthin. Astaxanthin derived from the
microalgae, Haematococcus pluvialis showed improvements in skin wrinkle (crow’s feet at
week-8), age spot size (cheek at week-8), elasticity (crow’s feet at week-8), skin texture
(cheek at week-4), moisture content of corneocyte layer (cheek in 10 dry skin subjects at
week-8) and corneocyte condition (cheek at week-8). It may suggest that astaxanthin
derived from H. pluvialis can improve skin condition in all layers such as corneocyte layer,
epidermis, basal layer and dermis by combining oral supplementation and topical
treatment.(Tominaga, Hongo, Karato, & Yamashita, 2012)

Figure 4 Skin surface photographs and replica images of crow’s feet (Tominaga et al., 2012)

5. Anti-Cancer Effect
Early in the 1994, Tanaka and co-workers at the Gifu University School of Medicine,
Japan, published in Carcinogenesis about the possible chemopreventive activity of
astaxanthin against bladder carcinogenesis.(Tanaka et al., 1994) The scientists showed
that the phytochemical reduced the incidence of chemically induced carcinoma by
suppression of cell proliferation.
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Unlike many pharmaceuticals, astaxanthin shows beneficial effects against cancer at
each stage of its development:(Hawkins, April, 2013)

1. It prevents cancer initiation by protecting DNA from ultraviolet and oxidant
damage.
2. It promotes early detection and destruction of cells that have undergone
malignant transformation by boosting immune surveillance.
3. It prevents cancerous growth in cells that evade immune detection by reducing
inflammatory changes such as those that appear in aging.
4. It blocks the rapid cell replication of tumors in their growth phase by stopping the
cancer cell reproductive cycle and restoring cancer cells’ ability to die off by
apoptosis.
5. It prevents tumors from spreading by reducing tumor production of tissue-melting
proteins.

Several recent studies also validate the anti-cancer effect of the natural astaxanthin.
Kavitha et al found that astaxanthin exerted chemopreventive effects by concurrently
inhibiting phosphorylation of transcription factors and signaling kinases and inducing
intrinsic apoptosis. (Kavitha, Kowshik, Kishore, Baba, & Nagini, 2013) Another group from
India investigated the effect of astaxanthin in treatment of cancer with animal model (mice).
They found Astaxanthin mono- (AXME) and diesters (AXDE) has a better anti-cancer
potency than Astaxanthin (AX) or Total Caroteinoids (TC). These result suggested that
Natural Astaxanthin has a better bioavailability effect in the ingestion.(Rao et al., 2013) For
better cure effect, people are looking for a combination of several chemicals that could
improve the cancer treatment. Astaxanthin as an anti-inflammation and anti-oxidant act as
an important catalyst for the cure.(Buckman)
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Dosage
The recommended daily dosage of Astaxanthin is 4 - 8 mg per day for normal health
maintenance, and higher dosages when used in therapy for conditions such as infertility or
severe joint pain. The following table is a general guideline for most consumers.
(Bob Capelli, 2013).

Table 1 Recommendation dosage for different uses (Bob Capelli, 2013)

Use
Antioxidant
Arthritis
Tendonitis or Carpal Tunnel Syndrome
Silent Inflammation (C-reactive protein)
Internal Sunscreen
Internal Beauty and Skin Improvement
Immune System Enhancer
Cardiovascular Health
Strength and Endurance
Competitive Athletes
Brain and Central Nervous System Health
Eye Health
Topical Use

Use Recommended Dosage
2 – 4 mg per day
8– 12 mg per day
8 – 12 mg per day
4 – 12 mg per day
4 – 8 mg per day
4 – 8 mg per day
2 – 4 mg per day
4 – 8 mg per day
4 – 12 mg per day
8 – 12 mg per day
4 – 8 mg per day
6 – 8 mg per day
20 – 100 parts per million

Numerous health conditions demonstrate promising health benefits from the
supplementation of Astaxanthin; including improved immune function, anti-cancer, blood
sugar control, cardiovascular support, and brain and eye health. Thousands of studies
have been performed on animals, and a growing number of human clinicals have been
completed, as well as many still ongoing which demonstrates that astaxanthin is safe,
and in most every case it is shown that supplementation with astaxanthin demonstrates
an improvement in our overall health.

Natural Astaxanthin VS Synthetic Astaxanthin
What is the difference between Natural Astaxanthin and Synthetic Astaxanthin?
Natural Astaxanthin is biosynthesized by living microalgae (H. Pluvialis) whereas; synthetic
Astaxanthin is manufactured in a laboratory from petrochemicals or petrochemical
derivatives. The following table has listed the major difference between these two sources:
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Table 2 Comparison between natural astaxanthin and synthetic astaxanthin

Source

Natural Astaxanthin

Synthetic Astaxanthin

salmon, krill, microalgae

petrochemicals

or

petrochemical derivatives
Biological activity

High

Low

Chemical form

Esterified (mono or di-esters),

not esterified (Free form)

Free

20

Low

scavenging

radical

times

greater

antioxidant

capacity than its synthetic one

capability

Synthetic Astaxanthin is not adequate for human consumption. It is synthesized from
petrochemicals and sold into animal-feed markets. Farm-raised salmon, for instance, are
fed less-expensive synthetic Astaxanthin to give their flesh a more attractive reddish hue
– otherwise the fish would be a pale gray color, ant not attractive to consumers. When you
eat farm-raised salmon, you are also ingesting synthetic Astaxanthin. Synthetic
Astaxanthin it is not GRAS (generally recognized as safe), and is not accepted in human
food or supplement ingredient in any country. On the other hand, Natural astaxanthin, is
the ingredient that gives wild salmon a rich red color, and most often is cultivated through
biosynthesis from living green microalgae (Haematococcus Pluvialis). Natural astaxanthin
is always paired with fatty acids attached to the end of the fatty acid molecule, which results
in an esterified molecule. Esterified astaxanthin has been shown to have greater stability
and greater biological function than the non-esterified, synthetic or ‘free’ form of
astaxanthin,

Astaxanthin can also be derived from mutated strains of Phaffia rhodozyma yeast, however
the chemical structure of this form of Astaxanthin is quite different from algae found in
nature. Phaffia rhodozyma is submitted to UV light, gamma radiation and mutagenic
chemicals to produce this mutation. This type of astaxanthin is sometimes used in trout
and salmon feeds, but is not allowed for human consumption in various countries. Phaffia
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rhodozyma, like synthetic astaxanthin is a non-esterified form. The United States has
serious restrictions on the use of Phaffia rhodozyma, limiting the maximum dose per day
to 2 mg for adults, and this ingredients is not permitted for use by children.

Recently, a battle between natural and synthetic producers of astaxanthin is emerging, in
which synthetic producers are implying that various types of synthetic astaxanthin are
considered to be nature identical. This however is not the case.

Independent results from Creighton University and an independent laboratory showed that
algae-based astaxanthin is 20-50 times more active in singlet oxygen quenching and free
radical elimination than artificial astaxanthin. Previous head-to-head testing of algae-based
astaxanthin

vs

artificial

astaxanthin

were

published

in

the

peer-reviewed

journal NutraFoods in December 2013. The report demonstrates that astaxanthin from
nature and artificially manufactured astaxanthin are completely different, not only in
antioxidant potential, but the molecules are also different in three crucial ways:

z

The molecules are shaped differently.

z

The natural molecule comes naturally complexed with other natural carotenoids in a
synergistic “carotenoid cocktail.”

z

Natural astaxanthin from algae is primarily esterified with a fatty acid molecule
attached to the end of the astaxanthin molecule.

Astaxanthin has two chiral centers and can exist as three isomers in nature as (3S, 3S'),
(3R, and 3′R) and (3R, 3′S). The first, 3S, 3S’, is the most common in nature. Additionally,
the three isomers can exist in four configurations. An All-E configuration (straight chained)
and three Z-isomers (bent chain). The All-E isomer is most prominent in nature. In rainbow
trout, the retention of all-E-astaxanthin was much higher than that of the astaxanthin Zisomers.
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Figure 5 Structure of different astaxanthin isomers

Figure 6 distribution of astaxanthin isomers from different sources

The above figure has clearly showed the distribution of the astaxanthin isomers in different
organisms. The synthetic astaxanthin usually present as a mixture with a typical ratio of
1:2:1 (3S, 3’S: 3R, 3’S: 3R, 3’R). Haematococcus pluvialis algae meal contained 87.6% of
the 3S,3’S enantiomer, 10.1% of the meso form and 2.3% of the 3R,3’R enantiomer, while
the red yeast Phaffia rhodozyma contained 1.5% of the meso form and 98.5% of the 3R,3’R
enantiomer. Of the three, the 3S, 3'S isomers are the most stable and this why academia
believes that Astaxanthin is able to be stored in tissues without excessive oxidation.
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This is the key as to why natural astaxanthin has a much higher antioxidant effect than the
synthetic astaxanthin.

The following table has demonstrated the Astaxanthin content in each natural source
commonly used for the extraction.

Table 3 Astaxanthin content in different natural sources
Source

Amount of Astaxanthin ( mg per kg)

Haematococcus pluvialis

10,000-50,000

Krill

46-130

Krill oil

727

Phaffia rhodozyma

30-800

Rainbow trout

1-13

Red seabream

2-14

Salmon (sockeye)

26-37

Salmon (Atlantic)

3-11

Figure 7 Astaxanthin and its esters from various sources

Compared with other sources, Haematococcus pluvialis, microalgae has been shown to
produce the highest and most sustainable source of astaxanthin. Due to its high yield it
is possible to collect large amounts of the astaxanthin from the algae biomass. In addition,
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when microalgae is used as a natural astaxanthin production source it becomes more costeffective than other sources due to a shorter cultivation time and simplified extraction
processes. In addition astaxanthin from haematococcus pluvialis, resembles the most
bioavailable form of astaxanthin found in nature. A study on the primary stereoisomer of
astaxanthin found in Antarctic krill (Euphausia superba) was found to be 3R, 3’R which is
primarily esterified form, whereas in wild Atlantic salmon it is 3S, 3’S which occurs as the
free form. The relative percentage of astaxanthin and its esters in krill, copepod, shrimp
and shell is shown in Figure 6. A recent clinic trial demonstrated a higher availability of the
esterified form of astaxanthin. Natural astaxanthin from microalgae is usually esterified and
predominantly of (3S, 3’S) configuration, occurs as the 3S, 3’S stereoisomer and primarily
as monoesters (>90%), with diesters comprising ~8% and the free molecule ~1%.

An added benefit of haematococcus plucialis is not only the presence of astaxanthin, other
valuable components such as b-carotene, canthaxanthin and lutein, which also are present
in the “cocktail”. All of these compounds can work together to achieve a synergistic health
effect on the human body.

Logic would assume that these products will perform differently in antioxidant testing
because they’re inherently different molecules. And while all the human clinical research
showing a wide variety of health benefits has been performed exclusively on natural
astaxanthin from algae, it is unclear how artificial astaxanthin would function in our bodies
with extended use. In order to challenge synthetic astaxanthin from being adopted by the
food and supplement industries, Fuji Chemical Industry Co Ltd. (AstaReal®),
Algatechnologies Ltd. (AstaPure®), and Cyanotech Corporation (BioAstin®), formed NAXA
early this year as a trade organization dedicated to educating the public and dietary
supplement industry about the health benefits of Natural Astaxanthin and the major
differences between sources.("Natural vs. synthetic astaxanthin war heating up," April 10,
2014)

One proponent of synthetic astaxanthin is DSM, which claims it has concluded safety
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studies on their form of Astaxanthin, and is seeking approval of their ingredient with
regulatory bodies including FDA and European Food Safety Authority (EFSA).

In the latest EFSA report in 2014, it is claimed that use of synthetic astaxanthin (100 mg
astaxanthin/kg fish feed) does not pose a significant additional risk to the environment
compared with natural astaxanthin. However, these studies are all based on the rat’s
experiments. Synthetic Astaxanthin has never been demonstrated to be safe for use as a
human supplement and has not been tested for health benefits in humans. In the absence
of data of human test on inhalation toxicity and irritancy to skin or eyes or on skin
sensitization, synthetic astaxanthin cannot be excluded to be potential hazardous by
inhalation or exposure to skin and eyes. Since the synthetic astaxanthin are from nonnatural source such as petroleum chemicals, there is greater chance that these
compounds are not suitable to be used as any ingredient in human pharmaceutical
supplement or food additives until extensive, long-term safety parameters have been
established and human clinical trials have been conducted showing potential health
benefits.

The safety issue of synthetic astaxanthin raised from the concern with other synthetic
carotenoids such as beta carotene and canthaxanthin. In the famous “Finnish Smokers’
study” in the 1990s, synthetic beta carotene actually increased the incidence of cancer.
Coincidentally, Synthetic canthaxanthin use by humans resulted in crystals forming in the
retina of consumers’ eyes. These crystals took 20 years to disintegrate. These existing
issue occurred on the “cousins” of synthetic astaxanthin increase more worries and
concerns of the public to the synthetic chemicals adding to the human diet. Therefore, the
bottom line is that extensive, long-range safety studies should be conducted with synthetic
astaxanthin in humans to prevent any potential problems.
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Production of Natural Astaxanthin

Figure 8 Astaxanthin production from microalgae

The Figure 7 has described the production process of astaxanthin. Generally, the twostage culture system is adopted in the successful strategy for the commercial production
of H. pluvialis: green stage for cell growth and induction stage for astaxanthin accumulation.
In the green stage, cell growth is fast, but astaxanthin content is low. However, in the
induction stage, cells grow slowly but can accumulate astaxanthin quickly. Hence, H.
pluvialis is cultured to obtain enough cell density in the green stage, and then is induced
to increase astaxanthin content in the induction stage by changing culture conditions. (Wan
et al., 2014) The initial production of Haematococcus usually takes place in closed culture
systems, some as large as 40,000 liters after series of inoculation and cultivation. Then the
microalgae culture were transferred to either the open pond or Photobioreactor for the
cultivation and induction.

Cyanotech produce the astaxanthin with giant open culture ponds (500,000 liter) for a
reddening cycle – Haematococcus pluvialis microalgae gradually turn from green to red as
they accumulate astaxanthin. When the algae is sufficiently infused with astaxanthin, the
company harvests, washes and dries the algae, then extracts the dried biomass.
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Figure 9 Open pond system for microalgae induction by Cyanotech Inc.

Other suppliers of astaxanthin grow Haematococcus entirely in closed systems, using
biodomes (Figure 9 (A)), giant tanks or tubes. Exponents of this process argue that this
method results in higher concentrations of astaxanthin in the biomass, and that there is no
exposure to heavy metal contamination or microbiological contamination from
birds. However, Cyanotech contends that closed-culture systems are risky due to their high
surface area and the many nooks and crannies in such systems that make them
susceptible to contamination. Cyanotech illustrates itself as an idyllic producer due to their
presence in an isolated area of Hawaii, conveying a garden-of-eden approach to
microalgae cultivation. Unfortunately Cyanotech’s plantation is located near an airport,
and the open pond approach, while inexpensive, is plagued by high temperatures and
heavy rainfall, producing a low yield product which exposed to contaminants such as jet
fuel, hydrocarbons, heavy metals, and bird excrement.
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A

B

Figure 10 Astaxanthin production with closed cultivation system (Photobioreactor)

BGG’s Astaxanthin (AstaZineTM ) is cultivated in an all-staged closed system is located in
a GEO Park (Figure 9B) in a sparsely settled area of Yunnan Province. This region of
Southern China is well known for its mild climate, clean air and abundant water resources.
This area of China has consistent sunlight over 200 days per year, with moderate rainfall
and humidity, consistent throughout the year.

Daytime temperatures in this area of

Yunnan ranges from 23-28 C (73-84 F) during the day and is ideal for photo induction,
while night temperature are kept below 28 eC (Wan et al., 2014).

The enclosed system permits a very strict quality control process which ensures the best
astaxanthin yield and lowest contamination and by-products. In addition, the requirement
for temperature control is crucial to the production of Haematococcus biomass. This
species of algae does not tolerate high temperatures.

If left out of control, higher

temperatures would kill off the microalgae. For this reason a drip system of flowing water
is constantly maintained to cool the glass tubes where the algae is grown. A large BGG
farm for Haematococcus cultivation (as shown in the Figure 9(B)) built in 2013,
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Figure 11 Glass Tubes of Photobioreactor used for BGG Astaxanthin production

BGG employs an advanced PBR system, which facilitates better control of culture
environment, and nutrients such as carbon dioxide, a consistent supply of cool,
underground water, optimal temperature, efficient exposure to light, culture density, pH
levels, gas supply rate, mixing regime, etc. All of the parameters are strictly monitored 24
hours per day during the cultivation to promise the best quality astaxanthin are produced.
The photobioreactor has a built-in CIP cleaning system that internally cleans the tubes to
minimize any contamination. The whole system was highly automatically controlled; with
little human labor required in the production and maintenance. This advanced
management allows the high consistency and stability for every batch of production. In the
near future, a continuous cultivation technique will be applied, which will significantly
increase the efficiency of the production. Advantages to BGG’s astaxanthin production are
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summarized as follows:

x

Cultivation of algae is in controlled circumstances, hence potential for much higher
productivity

x

Large surface-to-volume ratio. PBRs offer maximum efficiency in using light and
therefore greatly improve productivity. Typically the culture density of algae
produced is 10 to 20 times greater than bag culture in which algae culture is done in
bags - and can be even greater.

x

Better control of gas transfer.

x

Reduction in evaporation of growth medium.

x

More uniform temperature.

x

Better protection from outside contamination.

x

Space saving - Can be mounted vertically, horizontally or at an angle, indoors or
outdoors.

x

Reduced Fouling - Recently available tube self-cleaning mechanisms can dramatically
reduce fouling

All of these benefit and the best manage and production team will ensure the best quality
of astaxanthin be produced.
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Figure 12 BGG microalga strain research center

Although H. pluvialis is one of the richest sources of astaxanthin, its massive culture for
commercial purposes has been little exploited because of its slow growth rate and complex
life cycle (Fujii et al. 2006). Considerable scope therefore exists for developing more
productive strains. These may be obtained by simple selection or by genetic manipulation.
Their creation would encourage the commercial culture of this microalga as a natural
source of astaxanthin. BGG has the top R&D team for the microalgae strain development.
Great efforts has been involved in selecting the best strains for the cultivation in last few
years. Currently the best strain could reach 6-7% of astaxanthin contained in the dried
microalgae biomass. This is by far the highest level of astaxanthin achieved to date by
producers anywhere.
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Figure 13 BGG Astaxanthin production plant in Yunnan, China

In 2014, 10 hectares of the PBR plants are fully operated in production. Another 30
hectares plantation began construction in the summer, 2014 and is due to be completed in
early 2015. Once completed, the enlargement of the facilities and an improvement in the
productivity of microalgae strain, BGG should be able to reach a total pure astaxanthin
production level of 5 metric tons per year.

It is expected in a few years, that BGG will

become the largest astaxanthin manufacture in the world.

Extraction of astaxanthin can be obtained by solvent extraction. However, since it is
impossible to remove all traces of toxic solvents, the EEC directive (88/344) and the Food
and Drugs Administration have imposed great restrictions in the use of organic solvents,
namely for hexane, methyl acetate and methylene chloride. Supercritical fluid extraction
(SFE) is presently an important alternative to the traditional separation methods.(Palavra
et al., 2011) The growing nutraceutical market provides the opportunity to enhance the
profit margins through direct added value to byproducts that are typically discarded as
waste. This SPE extraction technique is especially indicated when thermo-labile
compounds are present, in addition to avoiding the use of toxic solvents, since CO2 is a
GRAS solvent type, cheap and easy to separate from the extract. The major advantage of
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supercritical fluid extraction over the conventional extraction, is that this technique does
not require subsequent processing steps to separate the solvent, since CO2 is a gas at
normal temperature and pressure. The conventional extraction processes produce extracts
very dilute, and it containing materials that are strongly susceptible to oxidation. So the
subsequent steps of separation of these solvents can promote the degradation of the
compounds of interest.(Sánchez-Camargo, Martinez-Correa, Paviani, & Cabral, 2011)

Numerous Astaxanthin supplemental products are available in the world market.
However, not all products are equal. AstaGlo™ for example contains AstaZine™ Natural
Astaxanthin from BGG, a global leader in the highest quality botanical extracts. This
product is manufactured in a state-of-the-art algae biomass production facility that utilizes
a fully enclosed glass tube photo-bioreactor to grow their Haematococcus pluvialis algae.
Additionally, BGG utilizes the latest super-critical carbon dioxide extraction technology to
gently and safely extract the astaxanthin from the algae to ensure the highest purity
astaxanthin available.

Figure 14 BGG brand Astaxanthin product: AstaGloTM
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