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Classification of carotenoid

• Carotenoids belong to a large family of fat-soluble plant pigments that 
are widely present in yellow-orange vegetables and fruits

• Classification

– Xanthophylls (oxygenated derivatives) – eg lutein, zeaxanthin, cucumin, 
cryptoxanthin

– Carotene (hydrocarbon only) – eg lycopene, carotene (, β, , )

• Lutein, lycopene – have no provitamin A activity

• , β carotene, β cryptoxanthin – can be change to vitamin A

3



Molecular structures of carotene

Tan and Norhaizan, 2019
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Molecular structures of some common xanthophylls

Tan and Norhaizan, 2019
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Sources of carotenoids
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Sources

• Organic pigmented produced by the fungi, several bacteria, and 
plastids of algae and plants. 

• Notably, red pea aphid (Acyrthosiphon pisum) and spider mite 
(Tetranychus urticae) are the only animals that produce carotenoids.

• Carotenoids are abundantly found in deeply pigmented fruits and 
vegetables, in which the orange-yellow vegetables and fruits are rich in 
β-carotene and α-carotene. 

• α-cryptoxanthin, lycopene, and lutein are found in orange fruits, 
tomatoes and tomato products, and dark green vegetables, 
respectively. 

• Egg yolk is a highly bioavailable source of zeaxanthin and lutein

Acyrthosiphon pisum

Tetranychus urticae
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Tan and Norhaizan, 2019
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Choo (1994)
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Tan (1987)
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Recommended vitamin A intake

• Children: 400-450 µg/day

• Adolescent and adults:  men and women – 600 µg/day

• Pregnancy: 800 µg/day

• Lactation: 850 µg/day
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µg retinol = 1 RE
1 µg β-carotene = 0.167 µg RE, (1/6 µg)
1 µg other pro-vitamin A carotenoids = 0.084 µg RE, (1/12 µg)
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Absorption, bioavailability, storage
• Dietary fiber eg pectin, guar gum reduced carotenoid absorption.

• Absorption of carotenoid from foods (vegetables) increase by adding fat (eg. 
Salad dressing, cooking oil, whole egg)

• Bile, phospholipid also influence the absorption of carotenoids

• Heat will reduce the carotenoid content but increase the bioavailability

• Bioaccessibility of carotenoid (lutein, zeaxanthin) from fruits (orange, sweet 
potato, kiwi) nearly 100%, whereas from vegetables (broccoli, spinach) much 
lower.

• Absorption, bioavailability also influence by age, gender, genetic, nutritional 
status, infections and some drugs (aspirin, sulphonamide)

• Storage (adipose tissue, liver).
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Toxicity

• Carotenoids are generally nontoxic, even when taken in high doses as 
purified supplements. 

• There appear, however, to be a few exceptions. 

– High doses of canthaxanthin can cause a reversible form of retinopathy. 

– High intake of β-carotene (in supplement form, 20–30 mg/d) is contraindicated 
for smokers due to the increased risk of lung and stomach cancer found in some 
studies. 

– Excessive intake of some of the major carotenoids can also cause carotenemia, a 
reversible yellowing of the skin
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What are the role of carotenoids in 
health?
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CAROTENOIDS

Treatment

Prevention

Chemo
prevention

Immunology

Alzheimer

Leukemia

Infectious 
disease

Eye disease

CVD

Decrease in pro-inflammatory 
cytokine expression

Prostate 
cancer

Breast 
cancer

Liver 
cancer

Neuroblastoma

Malaria

Brain 
injury

Depression

Induction of the lymphocyte 
proliferation

Inhibition of iNOS
and COX-2

Suppression of 
NF-kB activation

Colon 
cancer

Biological activities of the main carotenoids used in the treatment of various diseases

Milani et al., 2016



Induction of apoptosis
Activation of caspase 8
Reduction of BCL2

Carotenoids

Antioxidant
Inhibition of iNOS
and COX-2

Enhancement of 
immune response
Promotion of NK 
cell cytotoxicty

Anticancer effect
Down regulation of IGF-
1 activity

Inhibition of 
angiogenesis
Decrease in VEGF 
secretion

Inhibition of cell 
cycle progression
Reduction of cycline
D

Cell cycle arrest
Arrest in G1/2/G2

Anti tumor activity
Inhibition of 
androgen 
receptors



Carotenoid from palm oil (, β carotene)

• Pro vitamin A

– Support vision

– Immune function

– Supporting cell growth

– Fetal development

• Antioxidant

– Reduce diabetic retinopathy, cataract, glaucoma.

– Cognitive function. 

– Bone strength.
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Biological effects of carotenoids against different diseases
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Immunological properties of carotenoids against different diseases
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The relationship between carotenoids intake and prevention of diseases



26Eggersdorfera and Wyss, 2018
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The Physicians' Health Study II found that long-term β-carotene supplementation (50 mg on alternate days) helped to maintain
cognitive performance in a generally healthy population [14]. This is 18 years’ treatment.



Other diseases

• in a small Korean study with 189 postmenopausal women, 
β-carotene was positively correlated with higher lumbar 
spine bone mineral density (Kim et al., 2016)

• Many carotenoids including β-catotene, which are 
consumed as part of a normal diet accumulate in the skin 
and very efficiently protect the skin from UV light-induced 
damage, sunburn and skin aging.
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The variation in results between these population-based 
supplementation trials:

• different doses and formulations

• administration with different combinations of other 
nutrients, and 

• the effect of differences in diet and lifestyle factors. 
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Functions of carotenoids in food industries

• restoring colorants, used in products submitted to intense 
processing/storage (which lost part of their natural color), or in order 
to standardize the food products color, such as in fruit juices, pasta, 
beverages, candies, margarines, cheeses, and sausages.

• precursors of many important chemical compounds responsible for 
the flavor of some foods, such as alkaloids and volatile compounds, 
and fragrances of some flowers and staining of photoprotection

• their application in feed, these pigments serve to intensify the color of 
egg yolk, chicken skin, fish, and milk. 

• Astaxanthin, the main carotenoid found in crustaceans, is an effective 
agent pigment when incorporated in salmonids and crustaceans diets 
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Conclusion

• Carotenoids have a range of functions in human health and different 
classes/types of carotenoids have different benefits effects with different 
mechanisms.

• RPO is a rich source of carotene (, β- carotene) and can efficiently be 
converted to vitamin A.  It also has antioxidants properties which are 
related to the reduction of several diseases eg. cancers (prostate, skin, 
cervical), strengthen the bones, cognitive function.

• Further research is required to establish recommendations for adequate 
and optimal intake via foods or via supplementation.
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