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Microalgae for carotenoids production: An update 

 
Parmdeep Singh Dhanda and Arpitha Shankar 

 
Abstract 
Pigments have been the subject of a lot of research in the last few decades because of their wide range of 

applications in medicine, cosmetics, biofuels, the food industry, and many other fields. More than half of 

all industrial pigments were made with artificial pigments at the time. Because they have been linked to a 

wide range of cancers and other long-term illnesses in humans, the use of these synthetic pigments has 

been a major source of worry. To deal with these big problems, natural pigments that come from natural 

sources might be a good option. When natural pigments were first made, they were made from 

vegetables. However, as the demand for natural pigments has grown, microalgae have the potential to 

become a major source of pigment production in the future, as well. Natural food colours have become 

more popular in recent years because they don't have as much of an impact on the environment as 

synthetic food colours do. Natural-blend pigments, which have grown in value at a rate of 5% to 10% per 

year over the last decade, now make up 31% of the world's colourant market, while synthetic pigments 

make up 40%. So, Algal biotechnology may one day allow for the commercial production of natural 

pigments on a large scale at a cheap price and in less time because of this. 

 

Keywords: Microalgal species, carotenoids, natural pigments, natural and synthetic carotenoids 

 

1. Introduction 

In addition to being a sizeable biological resource, microalgae have the potential to be used to 

develop game-changing technology and applications. They are small unicellular animals that 

use photosynthesis to transform sun energy into chemical energy. They are made up of a broad 

spectrum of bioactive compounds used in a commercial context. Because microalgae use solar 

energy more efficiently than higher plants, their ability to produce essential compounds or 

create electricity is well recognized. Microalgae will be used in the future to create a broad 

variety of metabolites for use in various applications, including health, food and feed 

additives, cosmetics, and energy generation. Microalgae will also be employed to generate a 

wide range of metabolites for use in energy production [1-7]. Humans first utilized microalgae 

2000 years ago, when the Chinese used Nostoc to survive a famine in their area. Microalgae 

may be found in a broad range of habitats subjected to harsh climatic conditions. Few 

carotenoids are specially derived from microalgae; such carotenoids can also be synthesized 

naturally from plants and synthetically from under lab conditions [8-13]. 

 

 
 

Fig 1: Microalgal carotenoids (Fernandes et al. 2018) [18]. 

 

Certain carotenoids are produced exclusively through microalgal populations, which are major 

sources of carotenoid production. These carotenoids are found at deficient concentrations in
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plants, due to which they are also produced artificially or 

synthetically in labs. Carotenoids like Lutein, Phytoene, 

Fucoxanthin (Fig 1.) etc., are produced in microalgal species 

in adequate quantities, making them very beneficial for the 

environment and mankind [14-20]. 

 

2. The potential of microalgae as a food and nutraceutical 

source 

According to current estimations, microalgae were the first 

species to appear in the world's oceans roughly 3 billion years 

ago. Microalgae are a varied category of organisms that 

include over 100,000 different species. It may be found in the 

oceans and sources of freshwater (lakes, ponds, and rivers). 

Microalgae are used for nutrition and nutraceuticals, as well 

as cosmetic applications. The microalgae constituents widely 

used as nutraceutical agents are astaxanthin, beta-carotene, 

polyunsaturated fatty acids (DHA and EPA), minerals, amino 

acids, single-cell protein, and carbohydrates [21-25]. Many 

countries, including China, Fiji, and Mongolia, consume 

microalgal creatures such as Spirulina, Chlorella, and 

Scenedesmus. In addition to other nutrients, microalgae may 

supply protein, carbs, and essential amino acids. Microalgae 

carbohydrates, such as glucose and other polysaccharides, are 

more digestible than macroalgae carbohydrates [26-30]. The 

docosahexaenoic acid (DHA) contained in microalgae is 

thought to be essential for the development and functioning of 

the brain and other tissues like the cortex, retina, and 

reproductive organs. DHA has previously been used to treat 

inflammatory diseases, tumours, and cardiovascular issues [31-

36]. Microalgae have a high quantity of proteins, and the 

amino acids contained in them are similar to those found in 

other foods. Microalgae contain various carbohydrates, 

including starch, glucose, sugars, and different other 

polysaccharides [37-42]. The most frequent carotenoids found in 

microalgae are astaxanthin, beta-carotene, lutein, zeaxanthin, 

lycopene, and bixin. Microalgae products for human nutrition 

are also available in a variety of formats, including pills, 

capsules, and liquids, among others. They're also in meals like 

pasta, snacks, gum, and candy bars, as well as drinks. 

Microalgae extracts are often used on the skin and in cosmetic 

goods (i.e., Anti-aging cream, emollients, and anti-irritant in 

peelers). Cosmetics for skin and hair care, such as ultraviolet 

(UV) protection, are also made from microalgae. Table 1 

compares the general composition of several microalgae 

populations to the composition of different food sources [43-50]. 

 
Table 1: Basic compositions of various microalgae species (% of dry 

matter) (Demain et al. 2018) [12]. 
 

Microalgae species 
Carbohydrate 

(%) 

Protein 

(%) 

Lipid 

(%) 

Anabaena cylindrical 25-30 43-56 4-7 

Chlorella vulgaris 12-17 51-58 14-22 

Dunaliella salina 32 57 6 

Scenedesmus obliquus 10-17 50-56 12-14 

Synechococcus spp 15 63 11 

Chlamydomonas Rheinhardii 17 48 21 

 

3. Bioactive compounds from microalgae 

Microalgae have a vast and unknown pool of unique 

chemicals, many of which are thought to have a biological 

function and hence provide a possible source of novel 

medications. Microalgae have the potential to be a valuable 

natural source of novel biologically active chemicals that 

might be used as functional components in a wide range of 

goods [51, 52]. Table 2 contains a list of bioactive compounds 

and the algae from which they were obtained. 

 
Table 2: Few bioactive compounds with their different algal sources 

(Saini et al. 2017) [91]. 
 

Microalgae Bioactive compound Reference 

Scenedesmus spp Lutein, β Carotene Del Campo et al. 2007 

Dunaliella salina 
Carotene, β Carotene, 

Zeaxanthin 

Grewe et al. 2008; 

Lamer et al. 2012 

Chlorella spp 

Astaxanthin, 

β -Cryptoxanthin, 

Canthaxanthin, vitamin C 

Inbaraj et al. 2006; 

WuZ et al. 2007 

Haematococcus 

Pluvialis 

Astaxanthin, 

Canthaxanthin, Lutein 
Jaime et al. 2010 

Euglena gracilis 

Biotin, α -Tocopherol, 

β -Carotene, Astaxanthin, 

Anthaxanthin, 

Neoxanthin 

Afiukwa et al. 2007; 

Sahidi et al. 1998; 

Catharina et al. 1998; 

Li et al. 2008 

 

4. Microalgal biotechnology  

Commercial uses for microalgal biotechnology are being 

investigated. Microalgae, being photosynthetic organisms, 

contains chlorophyll, which may be used to make food and 

cosmetics [53-56]. Additionally, since some microalgae species 

produce bioactive compounds like antioxidants, antibiotics, 

and toxins, they may be used in the pharmaceutical industry 
[57-60]. Additionally, microalgae are used as nutritional 

supplements for humans due to their high protein, vitamin, 

and polysaccharide content. Certain microalgae species have 

high e lipid concentrations to collect and convert into biofuels 
[61-63]. Microalgae are capable of reducing emerging 

environmental concerns. For instance, greenhouse impacts 

and industrial water contamination are essential concerns. 

Microalgae, via photosynthesis, may contribute to reducing 

carbon dioxide emissions from power plants while 

simultaneously providing nutrients efficiently and at a low 

cost. Additionally, microalgae can fix nitrogen while 

absorbing heavy metals and phosphorus, which benefits the 

ecosystem [64-70]. 

Microalgal biotechnology has placed a premium on creating 

nutritional supplements generated from microalgae 

throughout the past several decades. Chlorella (Ram et al., 

2020) [77], Dunaliella [71] and Spirulina [72] dried biomass or 

cell extracts have dominated the economic potential in recent 

years [73]. They are primarily aimed at the nutraceutical or 

health food industries and total hundreds of millions of 

dollars. The interest in unicellular algae as a source of oils and 

fatty acids to manufacture these compounds has risen 

significantly in recent years. The Solar Energy Study Institute 

undertook a substantial chunk of the research with the initial 

goal of harnessing algae oils as biofuels [74]. 

 

5. Carotenoids 

As known, the carotenoids and chlorophyll pigments play a 

major important role in photosynthesis and assist the plants in 

many ways. Not only this, carotenoids are known to protect 

the plant cells when the plant is exposed to high temperatures 

or maximum sunlight. These carotenoids are a significant 

class of pigments similar to chlorophylls, anthocyanins etc., in 

promoting color to the plants, fruits and flowers [75-26]. These 

pigments help in the development of the plants indirectly by 

increasing the content of vitamins and essential molecules 

necessary for the plants' growth. These carotenoids are very 
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beneficial not only to plants but also to humans in a way in 

which these carotenoids are converted into Vitamin A in 

humans, thereby maintaining eye health. Also, these 

carotenoids are directly or indirectly related in maintaining 

the growth of the cells and increasing immune response in 

humans by increasing the immunity towards certain diseases 
[77].  

There are over 1000 carotenoids in general and are 

characterized into two categories which are Xanthophylls and 

B carotene depending on their roles and color imparted. These 

carotenoids are found in almost all higher plants and algal 

populations. Especially in case of algae these carotenoids are 

highly known for their beneficial roles by providing 

nourishment to the growing algae, conversion of carbon 

dioxide into solid forms through carbon sequestration, acting 

as accessory pigments for photosynthesis by transferring light 

energy received by them and many other roles [78].  

These carotenoids can be synthesized synthetically even 

though they can be obtained naturally. Synthetic production 

of carotenoids is carried out in many ways using different 

chemicals and making them readily available for humans as 

nutritional supplements. Especially in medical biotechnology 

and agricultural biotechnology, this artificial or synthetic 

production of carotenoids is gaining much importance in 

recent years due to the several advantages of carotenoids to 

humans [79-81].  

The carotenoids derived from plants are naturally occurring. 

Still, due to the increasing demand, these naturally occurring 

carotenoids like lycopene, lutein etc. (Table 3) are synthesized 

from natural resources like microalgal species. Whereas 

certain carotenoids even though they are available naturally 

are derived artificially due to their less abundance such type 

of carotenoids include B- carotene, astaxanthin and 

canthaxanthin [82]. These are highly nutritious and beneficial 

to humans in many ways to meet the health requirements in 

humans. Also, these carotenoids are synthesized artificially in 

yeasts or bacteria under controller laboratory conditions [83-88]. 

The mass production of these carotenoids is possible through 

the microalgal populations through which natural carotenoids 

could be obtained [89, 90]. These carotenoids obtained naturally 

through microalgae are highly beneficial not only to humans 

and industries but also to the algal bodies in a way that these 

carotenoids are helpful in light harvesting and removing 

excessive reactive oxygen species. Therefore, carotenoids 

being the most crucial compound to humans, plants, and 

microalgal populations gained much importance due to their 

irreplaceable roles in plants and humans and many food 

industries as natural coloring agents [91]. 

 

6. Growth and Carotenogenesis parameters in a 

carotenoids-producing microalgal culture 

Compared to terrestrial crops, microalgae may produce ten to 

twenty times the biomass per unit area as terrestrial crops. 

Microalgae can be grown in a variety of habitats, including 

ocean water, lakes, fisheries ponds, and paddy fields, and they 

are extremely efficient at utilizing waste nutrients. Traditional 

plants offer a number of benefits over microalgal cultures, 

which also have a number of advantages [94-97].  

The following are a few benefits of microalgal cultivation that 

one should be aware (Gong et al., 2020) [21]. 

 Increased output per hectare of land, leading in decreased 

land use 

 Water use per unit of biomass is limited. 

 The plant's high protein, lipid, carotene, and vitamin 

content per unit area 

 Carbon sequestration is a term that refers to the process 

of storing carbon. 

 

Microalgae can capture CO2 and solar energy and convert 

them to biomass through the photosynthesis process. The 

ambient CO2 concentration (about 350 parts per million) is 

insufficient for further growth, and CO2 collection is 

complicated by mass transfer from the atmosphere to the 

culture medium [98]. CO2 is a greenhouse gas produced by 

fuels, which may be collected at a cheap or no cost from fossil 

fuel power plants. Additionally, it may be utilized to promote 

the growth of algae. Algae cultivation is often achieved in one 

of two ways. Pond systems are classified into two types: open 

and closed. The most prevalent pond system is an open pond 
[99]. 

 

6.1 A network of open ponds 

Microalgae may be cultivated in a variety of open pond 

systems, including lakes, lagoons, ponds, artificial ponds, and 

containers. Open ponds are often easier to construct and 

operate than closed systems, which is one of their primary 

benefits. On the other hand, open ponds have several 

disadvantages, including poor light use, evaporative losses, 

and CO2 penetration into the environment [100]. All 

contaminants in an open pond system influence microalgal 

development. 

 

6.2 A closed pond system 

Microalgae may be grown in closed systems such as ponds 

and photo bioreactors (PBR). One of the most major 

advantages of a closed pond system is the ability to change 

and maintain stable and constant parameters such as carbon 

dioxide percentage, fertilizers, and light. It does not require 

large area of land. They do, however, have a number of 

disadvantages, including their complexity in terms of design, 

operation, and maintenance [101]. Algae cultivation is similar 

to agriculture in that it requires both major and minor 

nutrients to thrive. Carbon, nitrogen, phosphorus, and 

potassium are the four major nutrients necessary for algae 

production. Additionally, sufficient sunshine, a good 

temperature, and sufficient activity are required for it to be 

successful. Certain algae that are not edible to humans may 

grow in waste water, including industrial waste, municipal 

waste, and contaminated water. Typically, companies emit 

smoke during boiler service, which pollutes the air and 

significantly raises the ambient temperature [102-109]. Algae 

convert carbon dioxide to oxygen and polluted water to 

irrigation water during the photosynthetic phase of their life 

cycle. Numerous authors have identified the cultural 

parameters necessary for the indoor development of numerous 

algal species, as well as the production of carotenoid from 

algae, in peer-reviewed publications [110-113]. 

 

7. Microalgae development factors  

When cultivating algae in open ponds or closed photo 

bioreactors, a diverse variety of environmental factors must 

be maintained in order for the algae to flourish. Temperature, 

light, pH, and nutrients all affect not just algae's 

photosynthesis and growth rate, but also the activity of their 

cellular metabolism and the makeup of their cellular 

membranes [114]. 
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7.1 The nutrient effect 

Algae growth and development are influenced by a range of 

factors, including sunlight, temperature, and the availability or 

lack of nutrients in the surrounding water. Apart from the 

carbon source, the most critical inorganic elements required 

for algae development are nitrogen, potassium, phosphorus, 

magnesium, calcium, Sulphur, and iron. Certain elements, 

also referred to as micronutrients, are necessary in trace 

amounts for the body to operate effectively [115]. 

 

7.2 The illusory effect of light 

A critical external component is the amount of incoming light 

energy available for algal development. Algae are autotrophic 

creatures, which means they need a significant quantity of 

incoming solar energy or insulation to survive. When the 

photon flux density at the culture's surface is compared to the 

illuminated surface area, the amount of light energy produced 

by a photosynthetic culture during a certain time period may 

be calculated. The availability and intensity of light are 

critical elements in affecting photosynthetic cultivation's 

productivity. Increased light intensity encourages algae to 

consume nitrogen and produce carotenoid pigments [116]. 

 

7.3 The effect of pH  

pH controls the degree to which chemical compounds and 

biological metabolites are ionized and hence has a significant 

effect on their absorption and reactivity. The speciation 

differential availability of inorganic carbon species 

(CO2/HCO3-/CO3-2) in the growth medium is a critical pH-

dependent process in microalgae production. Phosphate co-

precipitates with calcium, magnesium, and carbonate in the 

presence of high carbonate concentrations also trace metals 

are insoluble and unavailable at high pH; intracellular pH 

control; and increases in nitrate and phosphate absorption are 

all seen [117]. 

 

7.4 The temperature effect 

The effect of temperature is known to be more in case of 

microalgal growth because temperature effects the growth and 

multiplication of the microbial strains. Keeping this in mind 

the strains selected for experimental purpose should be 

selected carefully as the temperature has maximum effect on 

the strains [118]. Therefore, controlled temperature conditions 

are always advisable in experimental conditions. These 

microbial strains are greatly affected in a way in which the 

temperature conditions under 15 ℃ and above 40 ℃ is known 

to be fatal as these conditions promote the degradation in the 

growth of these algal strains. The growth of these strains 

majorly affected by the temperature conditions which are to 

be maintained under optimum conditions which is a problem 

under natural areas or environments which ultimately results 

in the loss of nutrient rich microbial strains which in turn 

reduces the biomass and lipid content of these algal species 
[73, 74]. 

 

7.5 The salinity effect 

Different strains of microbes respond differently to salinity 

conditions. But most of the strains of microbes are less 

tolerant to salinity and exhibit the loss of biomass and lipid 

production which is the major and important aspect of 

microbial strains [99-103]. The microbial algal strains present in 

marine water and fresh water respond differently under saline

conditions. Especially in case of marine algal species salinity 

is not a major problem as these species are highly tolerant to 

high saline conditions due to presence of abundant salts in 

seas and oceans, but in case of fresh water algal strains which 

are constricted to controlled environmental conditions are 

highly sensitive to saline conditions. If these fresh water algal 

strains if exposed to saline conditions up to an optimum level 

does not cause much effect but if these fresh water microbial 

strains if exposed to high saline conditions as marine 

environment these algal species show reduced growth and 

ultimately die. However, certain algal species are known to be 

saline tolerant to a certain extent of 0.2-0.4M and are able to 

produce biomass and lipids [104].  

 

7.6 Carbon dioxide effect 

As known carbon dioxide is a very dangerous and high 

problematic gas causing damage not only to the environment 

but also causes health issues in humans and animals. This 

carbon dioxide content rises due to the rise in deforestation 

causing many small microbes and organisms to die. In case of 

microbial algal strains this carbon dioxide gas is utilized and 

converted to form solid substance so that the pollution in the 

atmosphere can be greatly reduced [56]. The process of 

sequestration involves in converting the atmospheric carbon 

dioxide gas into solid substances which gets deposited in the 

soils o that the harmful effects caused by these gases can be 

minimized up to a greater level. This reduced carbon gas is 

utilized later under required conditions. The higher the carbon 

level in the atmosphere the greater the carbon sequestration 

occurs and the greater reduction in the environmental damage 

caused by this gas [44]. Certain species like C. gracilis are 

known for carbon sequestration up to a greater level even 

under high carbon dioxide content in the environment. 

Therefore, the microbial algal strains under high carbon 

dioxide conditions are known to reduce the damage caused by 

these harmful gases through carbon sequestration method 

which is a major advantage to the plant as well as 

environment [117].  

 

8. Production of carotenoids and their extraction 

procedure 

There are several ways in production and extraction 

carotenoids from plants, microalgal bodies and synthetic 

means. Previously the production of these carotenoids is only 

through plants but recently new technologies in biotechnology 

along with improved methods were derived to produce 

carotenoids in a huge amount. This production of carotenoids 

is gaining much importance in recent years due to their 

several roles in medicine, cosmetic fields, nutritional 

supplements, natural colorants and several biotechnological 

purposes.  Synthetic or artificial means of carotenoids 

production is carried out through yeast and microbes. New 

strains of yeasts and bacteria are used now a days for the 

production of carotenoids. The process of extraction of 

carotenoids from plant tissues and microalgal bodies is almost 

similar but the concentration of carotenoids differs. There are 

several fungal and bacterial groups that assist in the 

production and extraction of different carotenoids that are 

highly useful for industries and mankind. These 

microorganisms play a major role in producing very useful 

carotenoids that are highly needed as nutrient feed for humans 
[50].  
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Table 3: Microbes used in carotenoid production [59]. 

. 

Microorganism 
Type of 

microorganism 

Carotenoid 

produced 

Escherichia coli Bacterial strain Lycopene 

Escherichia coli Bacterial strain B-carotene 

Escherichia coli Bacterial strain Zeaxanthin 

Flavobacterium Bacterial strain Zeaxanthin 

Corynebacterium glutamicum Bacterial strain Astaxanthin 

Blakeslea trispora Fungal strain 
β-Carotene and 

lycopene 

Rhodosporidium sp Fungal strain Torulene, β-carotene 

Sporobolomyces roseus Fungal strain 
Torularhodin, β-

carotene, torulene 

Saccharomyces cerevisiae Fungal strain β-Carotene 

Rhodosporidium toruloides Fungal strain β-Carotene 

 
There are several microbial species that assist in the 
production of carotenoids that are highly useful for industries 
as well as humans. Such microbes are collectively taken and 
properly maintained and are allowed to grow under controlled 
conditions so that they can produce the needed carotenoids in 
a maximum concentration. Out of many bacterial strains 
available E. coli is known to produce important carotenoids 
(Table 3) also many yeasts are also responsible for the growth 
and extraction of important carotenoids like B- carotene, 
lycopene etc. (Table 3). These microbes are sent for mass 
production so that along with the multiplication for microbes 
the carotenoid production is also enhanced.  

 

9. Production and extraction of carotenoids from 

microalgae and plants 
Compared to artificial or synthetic systems that produce 
carotenoids natural sources like plants and microalgae are 
high beneficial due to high production of these carotenoids 
with cent percent quality. Many plants are known to provide 
carotenoids that are the important compounds of that 
particular plant. These plants have added advantages with the 
presence such carotenoids where these carotenoids enhance 
the nutritional status of the plants also helping the growth and 
development of the plants. 

 

 
 

Fig 2: Different sources of carotenoids in plants (Luo et al. 2020) 
[63]. 

 

Several vegetables and fruits are responsible for producing 

different carotenoids that are highly useful and are essential 

compounds of that particular fruit or vegetable. For example, 

Lycopene in tomatoes is very essential carotenoid which 

enhances the taste and nutritional quality of tomatoes and 

imparts red color to the fruits as well (Fig 1.). Also, several 

other fruits and vegetables are known to contain similar 

carotenoids which is highly essential, beneficial for the 

growth and have several advantages for increasing immunity 

in humans. Carrots, broccoli, spinach and mango were known 

to contain B-carotene (Fig 1.), which is the major carotenoid 

present in these fruits and vegetables. In plants the amount of 

carotenoids present is of less quantity and the production is 

also restricted due to many reasons like environmental 

influences, less plant population, improper growth conditions, 

nutritional status etc. due to this the carotenoid production is 

low in plants compared to that of microalgae. In case of 

microalgae the production of carotenoids is very high due to 

fast multiplication of the algal species also the environmental 

issues are not a big deal until unless the conditions are very 

severe. These species are adaptable to any environmental 

conditions and are able to cope up with stresses up to a greater 

level. Also, the concentrations of carotenoids present in algal 

species is very much high compared to normal plants due to 

which these microalgal species are highly used and 

recommended in carotenoid production under controlled lab 

environment so that the output i.e., carotenoids are greatly 

used in different areas of study like medicine, beauty and 

nutraceuticals (Song et al., 2020) [108].  

 

10. Important microalgal species for carotenoid 

production 

Similar to plants several algal species are known to contain 

carotenoids with maximum production and in different forms. 

These algal populations are easy to grow and can adapt to any 

environmental conditions. Also, these species can grow faster 

and adapt to any situations up to an optimum level. The major 

advantage of these microalgal species is that photosynthesis is 

carried out accurately and the moisture availability is 

maximum so that the growth of these species is more and 

applies the same to the carotenoid production. Compared to 

many other microalgal species available in nature few of these 

species are known to produce many useful carotenoids that 

are highly beneficial for humans. Certain keto carotenoids 

like Astaxanthin and Canthaxanthin are gaining much 

importance in recent years due to their wide applications in 

human nutraceuticals and animal feeding due to their 

beneficial health promoting properties. Both the keto 

carotenoids like Astaxanthin and Canthaxanthin are produced 

by the same microalgae i.e., Haematococcus pluvialis where 

such microalgae are known to be highly beneficial due to their 

production of multiple carotenoids [92]. The purest form of 

carotenoids extract was obtained after a series of steps from 

which the plant extract is prepared through maceration of the 

tissue. Beginning with the selection of the plant, cleaning and 

proper tissue digestion, followed by saponification to the 

removal of impurities and solvent extraction. Immediately the 

organic compounds like xanthophylls, sterols etc., present in 

the crude extract were removed and the solvent is evaporated 

by keeping it uncovered or heating the beaker after which the 

crude form of carotenoids were obtained which are 

immediately recrystallized through which further more minute 

impurities were removed. The final form of carotenoids which 

are obtained after all the screening steps is the purest form of 

carotenoids without mixing up of other organic compounds. 

This pure carotenoid can be analyzed using 
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spectrophotometry or chromatographic techniques like thin 

layer or liquid chromatographic techniques and measured in 

mg L-1.  

Through this procedure of carotenoids identification and 

extraction several carotenoids are extracted in less time and in 

large quantities. There are few companies all over the world 

that promote the growth of microalgal bodies and increasing 

the carotenoid production which will be a powerful nutritional 

supplement for humans. As known carotenoids pose several 

benefits to the growing plants as well as humans due tot heir 

unique nature of increasing immunity in humas the production 

these carotenoids under the wing of biotechnology was given 

much importance. There are several countries that are 

encouraging the production carotenoids through microalgal 

populations. Due tot the importance of carotenoids in day to 

day lives several companies started the production using 

microalgal sources. These carotenoids are well known in 

enhancing immunity in humans, reduces the risk of cancers 

and heart attacks also increasing the eye health and several 

other benefits [96, 97].  

Therefore, compared to carotenoid production from plants and 

some other artificial means the microalgal bodies are known 

to provide the best outcome in carotenoid production. Even 

though synthetic carotenoids are produced in large quantities 

certain side effect like cancers and indigestion, if taken high 

doses they are known to cause death. To reduce these effects 

caused by over intake of carotenoids consulting a doctor or 

following doctors’ prescription is very much advisable. Also, 

synthetic carotenoids unlike natural carotenoids contain traces 

of certain chemicals which can be lethal to the consumer. In 

present day biotechnology production of carotenoids through 

natural means is gaining much importance to increase the 

nutritional values of humans. Especially microalgal strains are 

highly recommended for the production of carotenoids. Thus, 

microalgal population is a boon in the field of biotechnology 

for carotenoid production. 

 

11. Conclusion and future prospects 

In present day Biotechnology is gaining much importance and 

it is an emerging field of study which paves way in the 

production of vaccines, targeted drugs, genome sequences, 

gene editing techniques, production of organic compounds 

like carotenoids and many others. Carotenoids are gaining 

much importance from past 10-15 years due to their important 

properties in improving the health status of humans and also 

many other beneficial effects on the plant itself. These 

carotenoids are known to protect the plant from high sunlight 

thereby acting protecting pigments along with absorbing the 

sunlight and promoting photosynthesis thereby acting as 

accessory pigments along with chlorophyll. Apart from these 

important qualities of carotenoids they are highly known to 

reduce the carbon dioxide content in the surrounding 

environment through carbon sequestration technique which is 

a highly advantageous property of carotenoids in protecting 

the plants from the harmful gasses. Also, in humans’ 

carotenoids are known to play major roles like increasing 

immunity, maintains eye health and reduces the risks of 

cancers and heart strokes. Therefore, the optimum intake of 

carotenoids in the prescribed form is very much advisable to 

maintain natural immunity in the body than depending upon 

synthetic medicines.  

Plants are the major sources of carotenoids production, the 

flowers, fruits are known to contain maximum carotenoids 

which helps the plant to maintain its own health and also aids 

in color development of fruits and leaves. But now a days 

microalgal cultures or algal populations are gaining much 

importance in carotenoids production. These microalgal 

bodies are easy to multiply, quick in growth and importantly 

they can adapt to any environmental conditions. These 

microalgal species can withstand unfavorable temperature 

conditions to a maximum extent. Also, these species have an 

ability of increased root length to draw water from the deeper 

level under drought conditions. Therefore, much carotenoids 

are produced similar to plants through microalgal bodies 

under natural or artificial environments. The regions for 

microalgal production used for carotenoid synthesis are to be 

maintained well with controlled conditions in order to obtain 

maximum output.  

Therefore, it was well understood that microalgal pieces play 

a unique and yet very important roles in carotenoid 

production compared to plants and synthetic means. The 

microalgal populations are natural way, cheapest and a very 

quick way of carotenoid production. Maintenance of algal 

populations, carotenoid productions and extraction of 

carotenoids is quiet an easy way through microalgal species. 

Also, maintenance of the final output that is pure form of 

carotenoids can be well maintained and can be stored in form 

of powder for several days. Also, the manufacture of capsules, 

tablets and powdered form of carotenoids can be used in 

nutraceuticals.  

 

12. Future prospects 

 To focus on increasing the diversity of microalgal 

populations for carotenoids production. 

 To increase other benefits from microalgal species other 

than carotenoids. 

 To expand the understanding and focus towards green 

chemistry. 

 Improving cultivation of microalgal populations and 

downstream extraction of carotenoids in less time.  

 Increasing the production of carotenoids through natural 

sources like microalgae by extending markets. 

 To focus on algal species improvement for high yields. 

 Enhancing the growth rate and reducing the climate 

limitations for the growth of algal species. 

 To reduce the losses caused by biomass contaminations. 

 To reduce the production costs and increasing the 

availability of carotenoids is also important. 

 

13. References 

1. Ambati RR, Gogisetty D, Aswathanarayana RG, Ravi S, 

Bikkina PN, Bo L, et al. Industrial potential of carotenoid 

pigments from microalgae: Current trends and future 

prospects. Crit. Rev. Food Sci. Nutr. 2019;59:1880-1902. 

2. Barreiro C, Barredo JL (Eds.) Microbial Carotenoids. 

Methods in Molecular Biology; Springer: New York, 

NY, USA, 2018, 1852. ISBN 978-1-4939-8741-2. 

3. Barreiro C, Gutiérrez S, Olivera ER. Fungal Horizontal 

Gene Transfer: A History beyond the Phylogenetic 

Kingdoms. In Horizontal Gene Transfer; Villa, T., Viñas, 

M., Eds.; Springer International Publishing: Cham, 

Switzerland, 2019, 315-336. ISBN 9783030218621. 

4. Bijalwan P, Sharma M, Kaushik P. Review of the Effects 

of Drought Stress on Plants: A Systematic Approach, 

2022. 

5. Bogacz-Radomska L, Harasym J. β-Carotene-Properties 

http://www.thepharmajournal.com/


 
 

~ 2042 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
and production methods. Food Qual. Saf. 2018;2:69-74. 

6. Brar NS, Kumar T, Kaushik P. Integration of 

technologies under climate change for profitability in 

vegetable cultivation: An outlook, 2020. 

7. Chauhan, Jyoti, Saini I, Kaushik P. Studies on the 

Biosorption Potential of Copper by Rhizopus arrhizus 

Biomass. bioRxiv, 2020a. 

8. Chauhan, Jyoti, Yadav VK, Sahu AP, Jha RK, Kaushik P. 

Biosorption Potential of Alkali Pretreated Fungal 

Biomass for the Removal and Detoxification of Lead 

Metal Ions. Journal of Scientific and Industrial Research 

(JSIR). 2020d;79:636-639. 

9. Chen JH, Chen CY, Hasunuma T, Kondo A, Chang CH, 

Ng IS, et al. Enhancing lutein production with 

mixotrophic cultivation of Chlorella sorokiniana MB-1-

M12 using different bioprocess operation strategies. 

Bioresour. Technol. 2019;278:17-25. 

10. Chen WC, Hsu YC, Chang JS, Ho SH, Wang LF, Wei 

YH. Enhancing production of lutein by a mixotrophic 

cultivation system using microalga Scenedesmus 

obliquus CWL-1. Bioresour. Technol. 2019;291:121891. 

11. ÇKaushik P, Sharma V, Saini I, Yadav VK, Jayaswal D, 

Singh G, et al. Impact of COVID-19 pandemic on 

vegetable sector and its allies. Indian Journal of 

Traditional Knowledge (IJTK). 2021a;19:S177-S183. 

12. Demain AL, Sánchez S. Advancement of biotechnology 

by genetic modifications. In Microbial Carotenoids: 

Methods and Protocols; Barreiro, C., Barredo, J.L., Eds.; 

Springer Nature: New York, NY, USA. 2018;1852:1-43. 

ISBN 9781493987429. 

13. Devi P, Kaushik P, Saini DK. QTLs identified for 

biofortification traits in wheat: A Review, 2019. 

14. Dhaliwal I, Khosla G, Singh TP, Gill GS, Kaushik P. 

DUS Characterizagtion of some Released Varieties and 

Advanced Breeding Lines of Soybean (Glycine max L.) 

under Punjab Agroclimatic Conditions. International 

Journal of Current Microbiology and Applied Sciences. 

2020;9:2124-35. 

15. Dhaliwal SK, Salaria P, Kaushik P. Revisiting and 

Enlisting Important QTLs Identified in Frech Bean 

(Phaseolus vulgaris L.): A Review, 2020. 

16. Dhaliwal SK, Salaria P, Kaushik P. Pea seed proteins: A 

nutritional and nutraceutical update, in: Grain and Seed 

Proteins Functionality. IntechOpen, 2021. 

17. Eggersdorfer M, Wyss A. Carotenoids in human nutrition 

and health. Arch. Biochem. Biophys. 2018;652:18-26. 

18. Fernandes AS, Do Nascimento TC, Jacob-Lopes E, De 

Rosso VV, Zepka LQ. Carotenoids-A brief overview on 

its structure, biosynthesis, synthesis, and applications. 

Prog. Carotenoid Res. 2018, 1-16. 

19. Gonabadi E, Samadlouie HR, Shafafi Zenoozian M. 

Optimization of culture conditions for enhanced 

Dunaliella salina productions in mixotrophic culture. 

Prep. Biochem. Biotechnol, 2021, 1-9. 

20. Gong G, Liu L, Zhang X, Tan T. Multi-omics 

metabolism analysis on irradiation-induced oxidative 

stress to Rhodotorula glutinis. Appl. Microbiol. 

Biotechnol. 2019: 103:361-374. 

21. Gong Z, Wang H, Tang J, Bi C, Li Q, Zhang X. 

Coordinated Expression of Astaxanthin Biosynthesis 

Genes for Improved Astaxanthin Production in 

Escherichia coli. J Agric. Food Chem. 2020;68:14917-

14927. 

22. Gupta R, Kaushik P. An Update on the Phyto-potential of 

Allium cepa and Allium sativum, 2021b. 

23. Hu IC. Production of potential co-products from 

microalgae. In Biofuels from Algae; Elsevier: 

Amsterdam, The Netherlands, 2019, 345-358. 

24. Huang W, Lin Y, He M, Gong Y, Huang J. Induced 

High-Yield Production of Zeaxanthin, Lutein, and β-

Carotene by a Mutant of Chlorella zofingiensis. J Agric. 

Food Chem. 2018;66:891-897. 

25. Jain BT, Sarial AK, Kaushik P. Understanding G × E 

interaction of elite basmati rice (Oryza sativa L.) 

genotypes under north Indian conditions using stability 

models. Applied Ecology and Environmental Research. 

2019;17:5863-5885. 

26. Jain BT, Sarial AK, Prashant K. Stability analysis 

utilizing AMMI model and regression analysis for grain 

yield of basmati rice (Oryza sativa L.) genotypes. 

JEBAS. 2018;6:522. 

27. Jannel S, Caro Y, Bermudes M, Petit T. Novel Insights 

into the Biotechnological Production of Haematococcus 

pluvialis-Derived Astaxanthin: Advances and Key 

Challenges to Allow Its Industrial Use as Novel Food 

Ingredient. J Mar. Sci. Eng. 2020;8:789. 

28. Jiang YW, Sun ZH, Tong WW, Yang K, Guo KQ, Liu G, 

et al. Dietary intake and circulating concentrations of 

carotenoids and risk of type 2 diabetes: A dose-response 

meta-analysis of prospective observational studies. Adv. 

Nutr. 2021;12:1723-1733. 

29. Jing Y, Guo F, Zhang S, Dong W, Zhou J, Xin F, et al. 

Recent Advances on Biological Synthesis of Lycopene 

by Using Industrial Yeast. Ind. Eng. Chem. Res. 

2021;60:3485-3494. 

30. Johra FT, Bepari AK, Bristy AT, Reza HM. A 

mechanistic review of β-carotene, lutein, and zeaxanthin 

in eye health and disease. Antioxidants. 2020;9:1046. 

31. Kaushik L, Kumar R, Reddy DK, Kaushik P. Effect of 

Pre-harvest Calcium Chloride and Salicylic Acid Spray 

on Morphological and Biochemical Traits of Guava 

(Psidium guajava). bioRxiv, 2021. 

32. Kaushik P. Transcriptome Analysis of the Eggplant 

Fruits Overexpressing a Gene of Chlorogenic Acid 

Pathway. bioRxiv, 2020a. 

33. Kaushik P. Classification of Indian states and union 

territories based on their Soil macronutrient and organic 

carbon profiles. bioRxiv, 2020b. 

34. Kaushik P. Characterization of Cultivated Eggplant and 

its Wild Relatives Based on Important Fruit Biochemical 

Traits. Pakistan Journal of Biological Sciences: PJBS. 

2020c;23:1220-1226. 

35. Kaushik P. Precision Vegetable Farming Technologies: 

An Update. Technology in Agriculture, 2021, 155. 

36. Kaushik P, Dhaliwal MS, Jindal SK, Srivastava A, Tyagi 

V, Brar NS, et al. Heterosis and leaf curl virus resistance 

in rainy season tomato under North Indian conditions. 

African Journal of Agricultural Research. 2015;10:2763-

2772. 

37. Kaushik P, Kumar P, Kumar S. Enhancement of 

chlorogenic content of the eggplant fruit with eggplant 

hydroxycinnamoyl CoA-quinate transferase gene via 

novel agro-infiltration protocol. Pharmacognosy 

Magazine. 2020b;16:450. 

38. Kaushik P, Kumar S. Transcriptome Analysis of Bael 

(Aegle marmelos L.) a Member of Family Rutaceae. 

http://www.thepharmajournal.com/


 
 

~ 2043 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
bioRxiv, 2018a, 346403. 

39. Kaushik P, Kumar S. Transcriptome analysis of bael 

(Aegle marmelos (L.) corr.) a member of family 

Rutaceae. Forests. 2018b;9:450. 

40. Kaushik P, Kumar S. Data of de novo assembly of the 

leaf transcriptome in Aegle marmelos. Data in brief. 

2018c;19:700-703. 

41. Kaushik P, Kumar S. Data of de novo assembly of fruit 

transcriptome in Aegle marmelos L. Data in brief. 

2019;25:104189. 

42. Kaushik P, Plazas M, Vilanova S, Gramazio P, Prohens J. 

Caracterización de híbridos interespecíficos entre 

berenjena y especies silvestres relacionadas, in: Actas de 

Horticultura (VIII Congreso de Mejora Genética de 

Plantas), 2016, 255-256. 

43. Kaushik P, Saini DK. Silicon as a vegetable crops 

modulator-A review. Plants. 2019a;8:148. 

44. Kaushik P, Saini DK. Sequence analysis and homology 

modelling of SmHQT protein, a key player in 

chlorogenic acid pathway of eggplant. bioRxiv, 2019b, 

599282. 

45. Kaushik P, Yadav VK, Singh G, Jha RK. Visiting Bael 

(Aegle marmelos) as a protective agent against COVID-

19: A review. Indian Journal of Traditional Knowledge 

(IJTK). 2021b;19:S153-S157. 

46. Kaushik Prashant. Standardisation of an agro-infiltration 

protocol for eggplant fruits and proving its usefulness by 

over-expressing the SmHQT gene, 2019a. 

47. Kaushik Prashant. Line × Tester analysis for 

morphological and fruit biochemical traits in eggplant 

(Solanum melongena L.) using wild relatives as testers. 

Agronomy. 2019b;9:185. 

48. Kaushik Prashant. Genetic analysis for fruit phenolics 

content, flesh color, and browning related traits in 

eggplant (Solanum melongena). International journal of 

molecular sciences. 2019c;20:2990. 

49. Kaushik Prashant. Application of conventional, 

biotechnological and genomics approaches for eggplant 

(Solanum melongena L). Breeding with a focus on 

bioactive phenolics. Universitat Politècnica de València, 

2019d. 

50. Kavalappa YP, Gopal SS, Ponesakki G. Lutein inhibits 

breast cancer cell growth by suppressing antioxidant and 

cell survival signals and induces apoptosis. J Cell. 

Physiol. 2021;236:1798-1809. 

51. Kesh H, Kaushik P. Visiting Bitter Gourd (Momordica 

charantia) from a Breeding Perspective: A Review, 2020. 

52. Kesh H, Kaushik P. Advances in melon (Cucumis melo 

L.) breeding: An update. Scientia Horticulturae. 

2021;282:110045. 

53. Kesh H, Kharb R, Ram K, Munjal R, Kaushik P, Kumar 

D. Adaptability and AMMI biplot analysis for yield and 

agronomical traits in scented rice genotypes under 

diverse production environments. Indian Journal of 

Traditional Knowledge (IJTK). 2021;20:550-562. 

54. Kumar A, Kaushik P. Advances and Milestones of 

Radish Breeding: An Update, 2021. 

55. Kumar Ashutosh, Kumar P, Kumar Ajayendra. Study of 

Various Development Media for Standardization of 

Immature Embryo Culture in Capsicum annuum L. 

Biosciences, 237. 

56. Kumar P, Bishnoi S, Kaushik P. Genetic variability, 

heritability and genetic advance for seed yield and other 

agro-morphological traits in fababean (Vicia faba L.) 

genotypes of different origin. Trends in Biosciences. 

2017;10:1246-1248. 

57. Kumar T, Bhardwaj KK, Kaushik P. Effect of soil 

properties and nutrient status on Eucalyptus tereticornis 

based agroforestry system in India. AgriXiv. 2020;9:1-5. 

58. Kumar T, Kumari B, Arya S, Kaushik P. Tree Growth, 

Litter Fall and Leaf Litter Decomposition of Eucalyptus 

tereticornis Base Agrisilviculture System. Int J Curr 

Microbiol App Sci. 2019a;8:3014-3023. 

59. Langi P, Kiokias S, Varzakas T, Proestos C. Carotenoids: 

From plants to food and feed industries. In Microbial 

Carotenoids: Methods and Protocols; Barreiro, C., 

Barredo, J., Eds.; Springer Science: Amsterdam, The 

Netherlands, 2018, 57-71. 

60. Larroude M, Celinska E, Back A, Thomas S, Nicaud JM, 

Ledesma-Amaro R. A synthetic biology approach to 

transform Yarrowia lipolytica into a competitive 

biotechnological producer of β-carotene. Biotechnol. 

Bioeng. 2018;115:464-472. 

61. Lehmann M, Vamvaka E, Torrado A, Jahns P, Dann M, 

Rosenhammer L, et al. Introduction of the carotenoid 

biosynthesis α-branch into Synechocystis sp. PCC 6803 

for lutein production. Front. Plant Sci, 2021, 12. 

62. Li X, Wang X, Duan C, Yi S, Gao Z, Xiao C, et al. 

Biotechnological production of astaxanthin from the 

microalga Haematococcus pluvialis. Biotechnol. Adv. 

2020;43:107602. 

63. Luo Z, Liu N, Lazar Z, Chatzivasileiou A, Ward V, Chen 

J, et al. Enhancing isoprenoid synthesis in Yarrowia 

lipolytica by expressing the isopentenol utilization 

pathway and modulating intracellular hydrophobicity. 

Metab. Eng. 2020;61:344-351. 

64. Mao X, Wu T, Sun D, Zhang Z, Chen F. Differential 

responses of the green microalga Chlorella zofingiensis 

to the starvation of various nutrients for oil and 

astaxanthin production. Bioresour. Technol. 

2018;249:791-798. 

65. Martínez-Cámara S, Rubio S, del Río H, Rodríguez-Sáiz 

M, Barredo JL. Lycopene production by mated 

fermentation of Blakeslea trispora. In Microbial 

Carotenoids; Barreiro, C., Barredo, J., Eds.; Springer 

Protocols: New York, NY, USA, 2018, 257-268. 

66. Mary AEP, Artavia Mora JI, Ronda Borzone PA, 

Richards SE, Kies AK. Vitamin E and beta-carotene 

status of dairy cows: A survey of plasma levels and 

supplementation practices. Animal. 2021;15:100303. 

67. Marzocco S, Singla RK, Capasso A. Multifaceted effects 

of lycopene: A boulevard to the multitarget-based 

treatment for cancer. Molecules. 2021;26:5333. 

68. Meena AK, Singh AK, Singh B, Kaushik P. The Foliar 

Feeding of Plant Growth Regulators Increases the 

Growth and Yield of Phalsa (Grewia subinaequalis DC), 

2015. 

69. Meroni E, Raikos V. Lycopene in beverage emulsions: 

Optimizing formulation design and processing effects for 

enhanced delivery. Beverages. 2018;4:14. 

70. Molino A, Mehariya S, Karatza D, Chianese S, Iovine A, 

Casella P, et al. Bench-Scale Cultivation of Microalgae 

Scenedesmus almeriensis for CO2 Capture and Lutein 

Production. Energies. 2019;12:2806. 

71. Mozos I, Stoian D, Caraba A, Malainer C, Horba ´nczuk 

JO, Atanasov AG. Lycopene and vascular health. Front. 

http://www.thepharmajournal.com/


 
 

~ 2044 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
Pharmacol. 2018;9:521. 

72. Muhammad A, Feng X, Rasool A, Sun W, Li C. 

Production of plant natural products through engineered 

Yarrowia lipolytica. Biotechnol. Adv. 2020;43:107555. 

73. Nabi F, Arain MA, Rajput N, Alagawany M, Soomro J, 

Umer M, et al. Health benefits of carotenoids and 

potential application in poultry industry: A review. J 

Anim. Physiol. Anim. Nutr. 2020;104:1809-1818. 

74. Novoveská L, Ross ME, Stanley MS, Pradelles R, 

Wasiolek V, Sassi JF. Microalgal carotenoids: A review 

of production, current markets, regulations, and future 

direction. Mar. Drugs. 2019;17:640. 

75. Pan X, Wang B, Duan R, Jia J, Li J, Xiong W, et al. 

Enhancing astaxanthin accumulation in 

Xanthophyllomyces dendrorhous by a phytohormone: 

Metabolomic and gene expression profiles. Microb. 

Biotechnol. 2020;13:1446-1460. 

76. Priyanka V, Goel N, Dhaliwal I, Sharma M, Kumar R, 

Kaushik P. Epigenetics: A Key to Comprehending Biotic 

and Abiotic Stress Tolerance in Family Poaceae, 2021a. 

77. Ram S, Mitra M, Shah F, Tirkey SR, Mishra S. Bacteria 

as an alternate biofactory for carotenoid production: A 

review of its applications, opportunities and challenges. J 

Funct. Foods. 2020;67:103867. 

78. Ram S, Tirkey SR, Kumar MA, Mishra S. Ameliorating 

process parameters for zeaxanthin yield in Arthrobacter 

gandavensis MTCC 25325. AMB Express. 2020;10:69. 

79. Rana MK, Kaushik P. Pigeon pea, in: Vegetable Crops 

Science. CRC Press, 2017, 715-722. 

80. Rapoport A, Guzhova I, Bernetti L, Buzzini P, Kieliszek 

M, Kot AM. Carotenoids and some other pigments from 

fungi and yeasts. Metabolites. 2021;11:92. 

81. Rathod JP, Vira C, Lali AM, Prakash G. Metabolic 

Engineering of Chlamydomonas reinhardtii for Enhanced 

β-Carotene and Lutein Production. Appl. Biochem. 

Biotechnol. 2020;190:1457-1469. 

82. Rebelo BA, Farrona S, Ventura MR, Abranches R. 

Canthaxanthin, a red-hot carotenoid: Applications, 

synthesis, and biosynthetic evolution. Plants. 

2020;9:1039. 

83. Saha SK, Ermis H, Murray P. Marine Microalgae for 

Potential Lutein Production. Appl. Sci. 2020;10:6457. 

84. Saini DK, Kaushik P. Visiting eggplant from a 

biotechnological perspective: A review. Scientia 

Horticulturae. 2019;253:327-340. 

85. Saini I, Aggarwal A, Kaushik P. Influence of 

biostimulants on important traits of Zinnia elegans Jacq. 

under open field conditions. International Journal of 

Agronomy, 2019. 

86. Saini I, Chauhan J, Kaushik P. Medicinal value of 

domiciliary ornamental plants of the Asteraceae family. 

Journal of Young Pharmacists. 2020a;12:3. 

87. Saini I, Kaushik P, Saini BL. Role of Indian Women in 

Conservation of Biodiversity. Int J Curr Microbiol App 

Sci. 2019b;8:63-8. 

88. Saini I, Kumar T, Chauhan J, Kaushik P. Acacia from a 

Breeding and Biotechnological Perspective: A Review. 

Pakistan Journal of Biological Sciences: PJBS. 

2020b;23:1351-1356. 

89. Saini I, Rani K, Gill N, Sandhu K, Bisht N, Kumar T, et 

al. Significance of Arbuscular Mycorrhizal Fungi for 

Acacia: A Review. Pakistan Journal of Biological 

Sciences: PJBS. 2020c;23:1231-1236. 

90. Saini RK, Keum YS. Carotenoid extraction methods: A 

review of recent developments. Food Chem. 

2018;240:90-103. 

91. Saini RK, Keum YS. Progress in Microbial Carotenoids 

Production. Indian J Microbiol. 2017;57:129-130. 

92. Sathasivam R, Ki JS. A Review of the Biological 

Activities of Microalgal Carotenoids and Their Potential 

Use in Healthcare and Cosmetic Industries. Mar. Drugs. 

2018;16:26. 

93. Shankar BA, Kaushik P. Identification of Thermotolerant 

Rice Genotypes with Allele Coding at Seedling Stage. 

bioRxiv, 2021. 

94. Sharma A, Sah VK, Yadav V, Kaushik P. Effect of 

poplar and eucalyptus based agroforestry system on soil 

biochemistry. Indian Journal of Biochemistry and 

Biophysics (IJBB). 2022;59:126-130. 

95. Sharma I, Dhaliwal IK, Bijalwan P, Yadav VK, Kaushik 

P. A Brief Perspective on Lost Traditional Grains and 

Food Habits of Indians. Int J Curr Microbiol App Sci. 

2020;9:2295-305. 

96. Sharma M, Dhaliwal I, Rana K, Delta AK, Kaushik P. 

Phytochemistry, Pharmacology, and Toxicology of 

Datura Species-A Review. Antioxidants. 2021a;10:1291. 

97. Sharma M, Kaushal R, Kaushik P, Ramakrishna S. 

Carbon Farming: Prospects and Challenges. 

Sustainability. 2021b;13:11122. 

98. Sharma M, Kaushik P. Vegetable phytochemicals: An 

update on extraction and analysis techniques. 

Biocatalysis and Agricultural Biotechnology. 

2021a;36:102149. 

99. Sharma M, Kaushik P. Breeding for Root-Knot 

Nematode Resistance in Eggplant: Progress and 

Prospects, 2021b. 

100. Sharma M, Kaushik P. Biochemical composition of 

eggplant fruits: A review. Applied Sciences. 

2021c;11:7078. 

101. Sharma M, Kaushik P, Chaturvedi P. Enumeration, 

antagonism and enzymatic activities of microorganisms 

isolated from railway station soil. BioRxiv, 2018, 

454595. 

102. Sharma M, Kaushik P, Chawade A. Frontiers in the 

Solicitation of Machine Learning Approaches in 

Vegetable Science Research. Sustainability. 

2021c;13:8600. 

103. Sharma V, Saini DK, Kumar A, Kesh H, Kaushik P. 

Breeding for Biofortification Traits in Rice: Means to 

Eradicate Hidden Hunger. Agronomy-Climate Change & 

Food Security, 2020, 35. 

104. Shi B, Ma T, Ye Z, Li X, Huang Y, Zhou Z, et al. 

Systematic Metabolic Engineering of Saccharomyces 

cerevisiae for Lycopene Overproduction. J Agric. Food 

Chem. 2019;67:11148-11157. 

105. Singh G, Kanwar RS, Sharma L, Neeraj, Chugh LK, 

Kaushik P. Biochemical Changes Induced by 

Meloidogyne graminicola in Resistant and Susceptible 

Pearl Millet (Pennisetum glaucum L.) Hybrids. Plant 

Pathology Journal. 2020;19:132-139. 

106. Singh H, Sethi S, Kaushik P, Fulford A. Grafting 

vegetables for mitigating environmental stresses under 

climate change: a review. Journal of Water and Climate 

Change. 2020;11:1784-1797. 

107. Sinha S, Sandhu K, Bisht N, Naliwal T, Saini I, Kaushik 

P. Ascertaining the paradigm of secondary metabolism 

http://www.thepharmajournal.com/


 
 

~ 2045 ~ 

The Pharma Innovation Journal http://www.thepharmajournal.com 
enhancement through gene level modification in 

therapeutic plants. Journal of Young Pharmacists. 

2019;11:337. 

108. Song I, Kim J, Baek K, Choi Y, Shin B, Jin E. The 

generation of metabolic changes for the production of 

high-purity zeaxanthin mediated by CRISPR-Cas9 in 

Chlamydomonas reinhardtii. Microb. Cell Fact. 

2020;19:220. 

109. Sunilkumar MK. Genetic Associations Analysis in 

Tomato (Solanum lycopersicum L.) Involving Improved 

Germplasm Lines for Agronomic and Yield Contributing 

Traits. Int. J Curr. Microbiol. App. Sci. 2019;8:2688-

2702. 

110. Sztretye M, Dienes B, Gönczi M, Czirják T, Csernoch L, 

Dux L, et al. Astaxanthin: A potential mitochondrial-

targeted antioxidant treatment in diseases and with aging. 

Oxid. Med. Cell. Longev. 2019, 3849692. 

111. Tramontin LRR, Kildegaard KR, Sudarsan S, Borodina I. 

Enhancement of Astaxanthin Biosynthesis in Oleaginous 

Yeast Yarrowia lipolytica via Microalgal Pathway. 

Microorganisms. 2019;7:472. 

112. Tyagi V, Dhillon SK, Kaur G, Kaushik P. Heterotic 

effect of different cytoplasmic combinations in sunflower 

hybrids cultivated under diverse irrigation regimes. 

Plants. 2020;9:465. 

113. Tyagi V, Dhillon SK, Kaushik P. Stability analysis of 

some novel cytoplasmic male sterile sources of sunflower 

and their hybrids. Helia. 2018a;41:153-200. 

114. Tyagi V, Dhillon SK, Kaushik P, Kaur G. 

Characterization for drought tolerance and physiological 

efficiency in novel cytoplasmic male sterile sources of 

sunflower (Helianthus annuus L.). Agronomy. 

2018b;8:232. 

115. Wang E, Dong C, Zhang P, Roberts TH, Park RF. 

Carotenoid biosynthesis and the evolution of 

Carotenogenesis genes in rust fungi. Fungal Biol. 

2021;125:400-411. 

116. Yadav VK, Kaushik P. Phytochemicals against COVID-

19 and a gap in clinical investigations: An outlook. 

Indian Journal of Biochemistry and Biophysics (IJBB). 

2021;58:403-407. 

117. Yadav VK, Singh R, Jha RK, Kaushik P. Biochemical 

variability of eggplant peel among Indian cultivars. 

Indian Journal of Biochemistry and Biophysics (IJBB). 

2020;57:634-637. 

118. Zhang X, Wang D, Duan Y, Zheng X, Lin Y, Liang S. 

Production of lycopene by metabolically engineered 

Pichia pastoris. Bio Sci. Biotechnol. Biochem. 

2020;84:463-470.  

 

 

http://www.thepharmajournal.com/

