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Abstract
Algae produce a number of important functional ingredients for health benefits which are incorporated into foods consumed on daily basis,
such as energy bars, breads, cookies, cereals, desserts, ice creams, pastas, and emulsions etc to improve human health and reduce the risk of
chronic disease. Further, algal powders and extracts are used in nutraceutical, pharmaceutical and food industry as tablets, capsules, crystals,
gels and dietary supplements etc. This review focusses on the recent advancements in this field and projects the opportunities that exists in the
industrial production of the functional ingredients.
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Introduction
Functional food is defined as food which contains more
functional ingredients that provides additional health benefits
[1]. The increased interest in functional food ingredients and
other natural food products has been recognized to promote
excellent health, decrease the risk of mainly non communicable
diseases and enhance cost effective care by promoting a quality
of life [2]. The positive impact of nutritious foods on the human
health has been long realized, which has led to the development
of several innovative functional ingredients and functional
food products. Functional foods have been linked with health
improvement, quality of life, and decrease illnessrisk [3].
Algae derived nutrients and bioactive compounds are being
investigated for their potential biological activities [4,5]. The
algal metabolites are promising source of ingredients for the
development of novel food products they are also good source
of proteins, minerals, vitamins, amino acids, lipids, fatty acids,
polysaccharides, nucleic acid, and carotenoids etc which are of
immense value as nutritional supplements [6,7]. In view of this
in recent years a lot of research has been carried out on the
development of novel health foods from algal biomass. Algal
biomass and extracts are used extensively in the formulations
of gels, capsules, tablets, gums, bars, snacks, pastas, drinks, and
beverages [8]. Algal biomass production can be improved through
adopting innovative methods of enhancing biomass coupled to
technological interventions for functional food applications. The
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main focus of this review is to provide an overview of functional
ingredients from algae for food and health applications.

Functional ingredients from algae for health benefits

The main objective of functional food is to identify the health
benefits of the specific ingredient(s). The functional attributes
must be investigated using suitable in vitro or in vivo models and
through human trials. A functional food needs though evaluation
of biological activity at molecular level also based on the specific
target sites as well. The science of interactions between genes
and food ingredients also called as nutrigenomic is receiving
attention to enhance the efficacy [9].
The design of a functional food should aim at increasing the
benefits and reduce the risk. The benefit involves evaluation
of physiological effects, enhanced bioavailability and efficacy.
However the toxicity evaluation is to be made for determining
the upper limits of administration or to set minimal effective
levels (Figure 1).

Algae contain a large number of bioactive molecules with
wide biological activities such as anti-oxidant, anti-bacterial,
anti-viral, anti-carcinogenic etc. Some algae contain high fiber
content in the form of sulphated galactans or carragenates in
red algae, fucans, alginates, and laminarin etc. The consumption
of high fiber containing diet has a progressive effect on human
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health which reduces The risks of cancer, diabetes, obesity, and
hypercholesterolemia. The high fiber content diet showed a good
immunological activity [10,11]. Alginate in Undaria pinnatifida
showed positive effect on cardiovascular disease, and alginic
acid demonstrated to reduce hypertension in hypertensive
rats [12]. Alginic acid, xyloglucans in Sargassum vulgare and
sulphated fucans in Undaria pinnatifida have been shown to

exhibit a powerful anti-viral activity against herpes type-1
and cytomegalovirus in humans [13,14]. The fucoidans from
algae acts as anti-coagulant, anti-thrombotics agents and also
showed anti-tumoral properties in rat model studies [15-17]. A
sulphated polysaccharide from the red alga Porphyra sp. showed
some apoptotic property in carcinogenic cells [16,18].

Figure 1: Common functional ingredients (Information obtained from Wildman 2007).

Antioxidants are the substances that have attracted major
interest. Algae are exposed to various combinations of light
and oxygen Which induces the formation of free radicals and
oxidative reagents. The absence of structural damage in the
algae may suggest that these organisms are able to generate
the necessary compounds to protect themselves against
oxidation. The most powerful antioxidants found in algae are
carotenoids (astaxanthin, lutein, and β-carotene), polyphenols,
phycobiliproteins and vitamins found in the algae. Thus algae are
considered as an important source of antioxidant compounds for
protecting cells against the reactive oxygen species formed by
light or pollutions or other factors. The most important vitamin-E
found in Himanthalia elongata (brown alga) is very stable to acids
, heat, and unstable to alkali, oxygen and UV radiation. Algae also
produce various carotenoids and xanthophylls. Several studies
were conducted on carotenoids which unraveled the potential
anti-oxidant and anti-cancer properties [19-23]. Xanthophylls
obtained from Undaria pinnatifida have showed activity against
cerebrovascular disease [12]. Algae are also a wonderful source
of eicosapentanoic acid (EPA) reported in Himanthalia elongata,
Undaria pinnatifida and Porphyra sp. These essential fatty acids
such as docosahexaenoic acid (DHA) and eicosapentaenoic acid
(EPA) have demonstrated their effect on the reduction of coronary
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heart diseases, thrombosis and arteriosclerosis (Several clinical
studies have been conducted using diets with sterols from algae
which showed reduction in cholesterol levels in blood. Further,
they have shown anti-inflammatory, anti-fungal, anti-ulcer, antiulcerative and anti-tumor activities in in vitro and in vivo studies
[24-27]. The biochemical composition and biological activity
of algae plays a major role in the selection of specific novel
functional food ingredient for human health benefits. Many of
the manufacturing companies are producing algal biomass for
health food products for nutritional purpose (Table 1). Bioactive
molecules such as phycocyanin, phycoerythrin, astaxanthin,
β-carotene, polysaccharide from various micro algal species used
in health food, dietary supplements, feed, pharmaceuticals, and
cosmetics applications (Table 2). Bioactive molecules from algae
show a potential as natural source of ingredients with diverse
biological activities. However, once their importance is known
there is a requirement to sustainable development of production
system coupled to ecofriendly Downstream processing methods.
Since algae are largely unexplored for biodiversity and biological
activities, they hold tremendous promise for bioprospecting
and to find novel biotechnological applications of functional
ingredients for health benefits [31-34].
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Table 1: Some companies producing algal products for nutritional purpose.
Microalgae

Spirulina

Chlorella

Dunaliella salina

Major Producers

Products

Earthrise Nutritionals, California, USA;
Cyanotech, USA; Myanmar Spirulina factory,
Myanmar; Bluebio Bio-Pharmaceutical Co.
Ltd., China; Jiangsu Cibainian Nutrition Food
Co. Ltd., China; Far East Bio-Tech Co. Ltd.,
Taiwan; Fuqing King Dnarmsa Spirulina Co.
Ltd., China; Hainan Simai Pharmacy Co. Ltd.,
China; Nanjing General Spirulina Developing
Corporation, China; Wuhan Sunrise Biotech
Co. Ltd., China; Parry Nutraceuticals, India;
Wellisen Nutraceuticals, India

Powders, extracts, Tablets, beverages, chips,
pasta, liquid extract , biomass

Taiwan Chlorella Manufacturing Co. Taiwan;
Bluebio Bio-Pharmaceutical Co. Ltd.,
China; Jiangsu Cibainian Nutrition Food
Co. Ltd., China; Klotze, Germany; Wellisen
Nutraceuticals, India

Tablets, powders, nectar, noodles

Cognis Nutrition health, Australia

Powders and β-carotene

Far East Bio-Tech Co. Ltd., Taiwan; Ocean
Nutrition, Canada; Wudi Xinhui Chlorella Co.
Ltd., China

Cosmetics, health care products

Blue Green Foods, USA; Vision, USA

Capsules, crystals, powder, capsules, crystals

Aphanizomenon flos-aquae

(Information obtained from Pulz & Gross [28]; Spolaore et al. [29]; Hallmann [30].
Table 2: Utilization of algae for food and health applications.
Algal species
Spirulina platensis
Chlorella vulgaris; Chlorella spp.
Dunaliella salina
Haematococcus pluvialis
Chlamydomonas Reinhardtii
Isochrysis galbana
Nannochloropsis oculata
Porphyra spp.
Porphyridium spp.
Phaeodactylum tricornutum
(Information obtained from Hallmann [30].

Acknowledgements
The authors acknowledge Vignan`s Foundation for Science,
Technology and Research University for providing financial
support and research facility for this work.

References

1. Lordan S, Paul Ross R, Stanton C (2011) Marine bioactives as functional
food ingredients: potential to reduce the incidence of chronic diseases.
Marine Drugs 9(6): 1056-1100.
2. Shahidi F (2008) Nutraceuticals and functional foods: whole versus
processed foods. Trends in Food Science and Technology 20(9): 376387.
3. Gouveia L, Marques AE, Sousa JM, Moura P, Bandarra NM (2010)
Microalgae-source of natural bioactive molecules as functional
ingredients. Food Science and Technology Bulletin 7(2): 21-37.
003

Applications
Phycocyanin, phycoerythrin, and biomass for health food,
pharmaceuticals, feed, and cosmetics

Polysaccharides for dietary supplements, extracts for cosmetics;
Biomass for health food, feed,

β-carotene for health food, feed, dietary supplements, and cosmetics
Astaxanthin for health food, pharmaceuticals and feed additives
Biomass for animal health and feed; environmental monitoring;
bioremediation, production of recombinant proteins
Fatty acids for animal nutrition

Lipids and fatty acids for animal nutrition; extracts for cosmetics
Biomass for feed, food; extracts for cosmetics

Polysaccharides for nutrition, pharmaceuticals, and cosmetics,
phycocyanin and phycoerythrin for pharmaceuticals, cosmetics and
food
Lipids and fatty acids for nutrition

4. Batista AP, Gouveia L, Bandarra NM, Franco JM, Raymundo A (2013)
Comparison of microalgal biomass profiles as novel functional
ingredient for food products. Algal Research 2(2): 164-173.

5. Nuno K, Villarruel-Lopez A, Puebla-Perez AM, Romero-Velarde E,
Puebla-Mora AG, et al. (2013) Effects of the marine microalgae
Isochrysis galbana and Nannochloropsis oculata in diabetic rats. Journal
of Functional Foods 5(1): 106-115.

6. Tokuşoglu O, Una MK (2003) Biomass nutrient profiles of three
microalgae: Spirulina platensis, Chlorella vulgaris, and Isochrisis
galbana. Journal of Food Science 68(4): 1144-1148.
7. Priyadarshani I, Rath B (2012) Commercial and industrial applications
of micro algae-A review. Journal of Algal Biomass Utilization 3(4): 89100.

8. Goh LP, Loh SP, Fatimah MY, Perumal K (2009)Bioaccessibility of
carotenoids and tocopherols in marine microalgae, Nannochloropsis
sp. and Chaetoceros sp. Malaysian Journal of Nutrition 15(1): 77-86.

How to cite this article: Ranga Rao A, Ravishankar GA. Algae as Source of Functional Ingredients for Health Benefits. Agri Res & Tech: Open Access J.
2018; 14(2): 555911. DOI: 10.19080/ARTOAJ.2018.14.555911

Agricultural Research & Technology: Open Access Journal
9. Elsamanoudy AZ, Mohamed Neamat-Allah MA, Hisham Mohammad FA,
Hassanien M, Nada HA (2016) The role of nutrition related genes and
nutrigenetics in understanding the pathogenesis of cancer. Journal of
Microscopy and Ultrastructure 4(3): 115-122.

10. Slavin J (2013) Fiber and Prebiotics: Mechanisms and health benefits.
Nutrients 5(4): 1417-1435.
11. German JB, Zivkovic AM, Dallas DC, Smilowitz JT (2013) Nutrigenomics
and personalized diets: What will they mean for food? Annual Review
Food Science Technology 2: 97-123.
12. Ikeda K, Kitamura A, Machida H, Watanabe M, Negishi H, et al. (2006)
Effect of Undaria pinnatifida (Wakame) on the development of
cerebrovascular diseases in stroke‐prone spontaneously hypertensive
rats. Clinical and Experimental Pharmacology and Physiology 30(1‐2):
44-48.
13. Thompson KD, Dragar C (2004) Anti-viral activity of Undaria pinnatifida
against herpes simplex virus. Phytotherapy Research 18(7): 551-555.

14. Hemmingson JA, Falshaw R, Furneaux RH, Thompson K (2006)
Structure and antiviral activity of the galactofucan sulfates extracted
from Undaria pinnatifida (Phaeophyta). Journal of Applied Phycology
18: 185-193.

15. De Jesus Raposo MF, De Morais AM, De Morais RM (2015) Marine
polysaccharides from algae with potential biomedical applications.
Marine drugs 13(5): 2967-3028.
16. Lee JC, Hou MF, Huang HW, Chang FR, Yeh CC, et al. (2013) Marine
algal natural products with anti-oxidative, anti-inflammatory, and anticancer properties. Cancer Cell International 13(1): 55.

17. Maruyama H, Tamauchi H, Hashimoto M, Nakano T (2013) Antitumor
activity and immune response of mekabu fucoidan extracted from
sporophyll of Undaria pinnatifida. In Vivo 17(3): 245-249.

18. Kwon MJ, Nam TJ (2006) Porphyran induces apoptosis related signal
pathway in AGS gastric cancer cell lines. Life Sciences 79(20): 19561962.

19. Christaki E, Bonos E, Giannenas I, Florou-Paneri P (2013) Functional
properties of carotenoids originating from algae. Journal of the Science
of Food and Agriculture 93(1): 5-11.
20. Guedes AC, Amaro HM, Malcata FX (2011) Microalgae as sources of
carotenoids. Marine drugs 9(4): 625-644.

21. Ranga Rao A, Deepika G, Ravishankar GA, Sarada R, Narasimharao BP, et
al. (2017) Botryococcus as an alternative source of carotenoids and its
possible applications-an overview. Critical Reviews in Biotechnology
1-18.
This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/ARTOAJ.2018.14.555911

22. Ranga Rao A, Phang SM, Sarada R, Ravishankar GA (2014) Astaxanthin:
sources, extraction, stability, biological activities and its commercial
applications-a review. Marine drugs 12(1): 128-152.

23. Ranga Rao A, Sindhuja HN, Dharmesh SM, Sankar KU, Sarada R, et al.
(2013) Effective inhibition of skin cancer, tyrosinase, and antioxidative
properties by astaxanthin and astaxanthin esters from the green alga
Haematococcus pluvialis. Journal of Agricultural and Food Chemistry
61(16): 3842-3851.

24. Kim SK, Van TQ (2011) Potential beneficial effects of marine algal
sterols on human health. Advances in Food and Nutrition Research 64:
191-198.

25. Abdul QA, Choi RJ, Jung HA, Choi JS (2016) Health benefit of fucosterol
from marine algae: a review. Journal of the Science of Food and
Agriculture 96(6): 1856-1866.

26. Dunford NT, King JW (2000) Phytosterol enrichment of rice bran oil by
a supercritical carbon dioxide fractionation technique. Journal of Food
Science 65(8): 1395-1399.

27. Sanchez-Machado DI, Lopez-Cervantes J, Lopez-Hernandez J, PaseiroLosada P (2004) Fatty acids, total lipid, protein and ash contents of
processed edible seaweeds. Food Chemistry 85(3): 439-444.
28. Pulz O, Gross W (2004) Valuable products from biotechnology of
microalgae. Applied Microbiology and Biotechnology 65(6): 635-648.
29. Spolaore P, Joannis-Cassan C, Duran E, Isambert A (2006) Commercial
applications of microalgae-review. Journal of Bioscience and
Bioengineering 101(2): 87-96.
30. Hallmann A (2007) Algae transgenes and biotechnology. Transgenic
Plant Journal 1(1): 81-98.

31. Plaza M, Cifuentes A, Ibanez E (2008) In the search of new functional
food ingredients from algae and microalgae. Trends in Food Science
and Technology 19(1): 31-39.
32. Ranga Rao A, Harshavardhan Reddy A, Aradhya SM (2010) Antibacterial
properties of Spirulina platensis, Haematococcus pluvialis, Botryococcus
braunii micro algal extracts. Current Trends in Biotechnology and
Pharmacy 4(3): 809-819.
33. Simopoulos AP (2004) Omega-3 essential fatty acid ratio and chronic
diseases. Food Review International 20(1): 77-90.

34. Wildman R (2007) Handbook of nutraceuticals and functional foods.
(2nd edn), CRC Press, Boca Raton, FL, USA.

Your next submission with Juniper Publishers
will reach you the below assets
• Quality Editorial service
• Swift Peer Review

• Reprints availability
• E-prints Service

• Manuscript Podcast for convenient understanding
• Global attainment for your research

• Manuscript accessibility in different formats
( Pdf, E-pub, Full Text, Audio)

• Unceasing customer service

Track the below URL for one-step submission

https://juniperpublishers.com/online-submission.php

004

How to cite this article: Ranga Rao A, Ravishankar GA. Algae as Source of Functional Ingredients for Health Benefits. Agri Res & Tech: Open Access J.
2018; 14(2): 555911. DOI: 10.19080/ARTOAJ.2018.14.555911

