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Introduction 
 

The curiosity in using natural sources or green 

medicine or medicinal plants is increasing 

worldwide due to their safety, efficacy, 

cultural acceptability, and lesser side effects 

as compared to synthetic drugs. Despite 

availability of sophisticated, innovative 

developments of technology and modern 

medicine, traditional practices are still having 

prime importance for treating various diseases 

worldwide including India. The number of 

people using traditional medicines is rapidly 

increasing because of many reasons.  

 

Traditional systems of medicine such as 

Ayurveda, Homeopathy, etc., are gaining 

popularity and interest throughout the world 

due to their approaches in preventive and 

therapeutic measures. Citrus plants are known 

to possess beneficial biological activities for 

human health as these plants are easily 
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The citrus plant is found to be potent analgesic, anti-inflammatory, antioxidant, anthelmintic, 

antibacterial, antifungal agent. Citrus is a significant source of bioactive compounds as the 

bioactive compounds are suitable for controlling different human diseases. The citrus fruits and 

their components have a rich source of flavonoids, carotenoids, and bioactive compounds. 

There is a need for the development of awareness and uses of such compounds in life for saving 

the life threating diseases by using the bioactive compounds. This manuscript discloses the 

conservation of the citrus species and its important compounds found in citrus that are highly 

required by the human body and their use play a significant impact on the human life for 

disease control.  Some of the citrus spp. falls under endangered category. Conservation of the 

endangered species of citrus needs urgent attention so as to protect the existing genetic 

diversity and to promote cultivation of these species that are of great relevance in socio-

economic structure of tribal populations of north east India. In view of importance of these 

species and potential as a future commercial horticulture crops, concentrated efforts are 

required to collect, characterize and conserve the wild and endangered species of citrus of 

north-eastern India. These efforts should go along with the major emphasis on developing 

methods for propagation, multiplication and regeneration of these species under in vitro 

conditions to facilitate their effective utilization in citrus improvement programmes. 
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available and show their effect in treatment of 

various diseases. The genus Citrus contains 

many economically important fruits that are 

grown worldwide for their high nutritional 

and medicinal value (Su et al., 2014). Fruits 

of this genus are promising source of Vitamin 

C, carotenoids, coumarins, folate, and 

flavonoids. Vitamin C is reported as an 

antiscorbutic and possesses antioxidant 

properties. Flowers and leaves of Citrus are 

usually strong scented, the extracts of which 

contain many useful flavonoids and other 

compounds that are effective insecticides, 

fungicides, and medicinal agents (Mabberley 

et al., 2004). Therefore, citrus fruits could be 

categorized as functional foods containing 

components shown to have health promoting 

and anticancer activities. 

 

On the other hand, plant tissue culture 

represents the most promising areas of 

application at present time and giving an out 

look into the future. Tissue culture of citrus 

spp. is very important to increase the 

production and mass propagation of this 

valuable plant. The use of tissue culture in the 

breeding of citrus spp. is essential as it has the 

potential to overcome infertility of citrus 

seeds due to fungal infections by Fusarium, 

Rhizoctonia, and Sclerotium. Fungal 

infections caused the citrus seeds to be 

damaged before they can be germinated 

(Hume et al., 1957).  Citrus is generally 

propagated through budding, cutting, or 

layering. Therefore, propagation is limited to 

the period when buds are available (Rathore 

et al., 2007).The areas ranges from 

micropropagation of ornamental and forest 

trees, production of pharmaceutically 

interesting compounds, and plant breeding for 

improved nutritional value of staple crop 

plants, including trees to cryopreservation of 

valuable germplasm. All biotechnological 

approaches like genetic engineering, haploid 

induction, or somaclonal variation to improve 

traits strongly depend on an efficient in-vitro 

plant regeneration system. The rapid 

production of high quality, disease free and 

uniform planting stock is only possible 

through micropropagation. New opportunities 

has been created for producers, farmers and 

nursery owners for high quality planting 

materials of fruits, ornamentals, forest tree 

species and vegetables. However 

micropropagation technology is expensive as 

compared to conventional methods of 

propagation by means of seed, cuttings and 

grafting etc. Therefore it is essential to adopt 

measures to reduce cost of production. Plant 

tissue culture is a decent approach to obtain 

these substances in large scale. Plant cell 

culture has made great advances. Conceivably 

the most significant role that plant cell culture 

has to play in the future will be in its 

association with transgenic plants. Slow 

growth in vitro storage and cryopreservation 

are being anticipated as solutions to the 

problems inherent in field gene banks. If 

possible, they can be used with field gene 

banks, thus providing a secure duplicate 

collection. They are the means by which 

future generations will be able to have access 

to genetic resources for simple conventional 

breeding programmes, or for the more 

complex genetic transformation work. As 

such, it has a great role to play in agricultural 

development and productivity. 

 

Propagation 

 

Citrus can be propagated by many methods 

including ex vitro such as seeds, cuttings, air-

layering, grafting etc. or in vitro such as tissue 

culture. Although some cultivars can be 

reproduced by seed, this method is considered 

inferior. Varieties that are reproduced by seed 

requires more time to produce fruit, 

susceptible to diseases, difficult to keep true 

to type and tend to produce more thorns than 

grafted varieties. Tissue culture and 

micropropagation protocols have been 

described for a number of citrus species and 
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explant sources Barlass and Skene, (1982); 

Duran-Vila et al., (1989); Raman et al., 

(1992); Normah et al., (1997); Chakravarty 

and Goswami (1999); Al-Khayri and Al-

Bahrany (2001); Filho et al., (2001) Usman et 

al., (2005). 

 

Techniques of plant tissue culture 

 

Micropropagation 

 

Production of large number of vegetative 

progeny through plant tissue culture is called 

micropropagation. Sexually propagated plants 

(through generation of seeds) demonstrate a 

high amount of heterogeneity since their seed 

progenies are not true to type. Asexual 

reproduction (by multiplication of vegetative 

parts) gives rise to genetically identical copies 

of parent plant. Thus it permits perpetuation 

of the parental characters of the cultivars 

among the plants resulting from 

micropropagation. In vitro micropropagation 

technology can overcome some constraints to 

citrus improvement, cultivation, increases 

fruit quality and resistance to disease and 

environmental stresses (Grosser et al., 1994). 

Micropropagation is an important asexual 

method that can be used for the production of 

virus – free rootstock plants (Roistacher et al., 

1976).  

 

Virus and viroids have been recognised as 

serious problem limiting the vigour, yield, 

quantity and quality. Severe infections have 

resulted in the exclusion of some cultivars 

from commercial usage, reported that viral 

diseases are major threats affecting citrus 

industry (Vishwanath and Narayan, 2015).  

 

The diseases are graft – transmissible through 

grafting infected bud sticks (Santos et al., 

1984). Hence, rising of disease – free 

foundation plants is imperative to provide 

certified bud sticks to the growers and to 

encourage the planting of grafts instead of 

seedlings (Mukhopadhyay et al., 1997). The 

elimination of viruses, viroids, and 

phytoplasmas from infected initial (mother) 

propagation material is a prerequisite for the 

production of healthy, vegetatively 

propagated crop material. Methods used are 

thermotherapy, meristem tissue culture, in 

vitro micrografting, in vitro chemotherapy, 

and cryotherapy of shoot tips, followed by 

shoot – tip tissue culture or in vitro 

micrografting (Christina, 2015).  

 

The micrografting technique was first used 

for the elimination of viruses and viroids in 

citrus by Navarro et al., 1976. The use of 

tissue culture methods for citrus crop species 

has already had practical benefits. Most 

notable among these are techniques for 

obtaining virus – free and mycoplasma – free 

stocks using in vitro grafting of apical 

meristems from infected plants onto 

decapitated seedlings (Navaro et al., 1975). 

Citrus also stands among difficult to root 

crops and micropropagation offers rapid 

propagation of such crops in limited space 

and time under controlled conditions 

throughout the year (Usman, 2005). The 

micropropagation of citrus has always 

aroused great interest among scientists. There 

is a growing demand to develop new varieties 

of plants resistant to pathogens and adverse 

environmental conditions and characterized 

by high quality of fruits (Yaacob et al., 2014). 

Citrus (Lemons) plantations face a number of 

problems such as pests, slow growth, 

susceptibility to disease, sensitivity to low 

temperatures, and substantial losses during 

storage (Mukhtar et al., 2005,  Savita et al., 

2010, Sarma et al., 2011). In vitro culture is a 

technique that can solve these problems. In 

addition, this technique can also produce 

crops on a relatively large scale in comparison 

with traditional plant breeding. Furthermore, 

in vitro cultures eliminate infections and can 

be faster than traditional plant cultures (Savita 

et al., 2011; Singh and Kaur, 2011). 
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Application of micropropagation 

 

Commercial production of secondary 

metabolites 

 

Alkaloids, terpenoids, phenyl propanoids etc. 

with various biological activities like 

antimicrobial, antibiotic, insecticidal, valuable 

pharmacological and pharmaceutical activities 

are common examples of secondary 

metabolites. 

 

Production of synthetic seeds 

 

The plant propagules are mixed in sodium 

alginate solution in a petriplate. Calcium 

chloride is taken in a beaker of 100 ml 

capacity. The plant propagules along with 

sodium alginate with the help of a dropper are 

dropped into the calcium chloride solution. 

The beads are kept in calcium chloride for 15-

20 minutes for solidification. The excess 

calcium chloride is decanted and the 

encapsulated beads are washed with sterilized 

distilled water. Thus the synthetic seeds are 

ready for preservation or transport or 

germination (Roy, 2010) (Figure 1). 

 

Production of disease free plants 

 

Micropropagation provides a rapid method for 

production of pathogen free plants. In case of 

viral diseases especially the apical meristem 

of infected plants are free or carry very low 

concentration of viruses. Thus culturing 

meristem tips provides disease free plants. 

Potential of cell to divide and develop into 

multicellular plants is termed as cellular 

totipotency (Rajput, 2019). 

 

Tissue culture in citrus 

 

In vitro propagation studies of Citrus jambhiri 

Lush. had the objective to develop a protocol 

for plantlet regeneration from callus. Thus in 

vitro culture techniques are adopted for quick 

propagation of medicinally important 

endangered citrus species. Regeneration from 

callus gives a way to rectify the problem of 

explants shortage. Kaur (2018) developed an 

efficient protocol for in vitro embryogenic 

callus induction and regeneration of Rough 

lemon (Citrus jambhiri Lush.) and reported 

that when MS medium was fortified with 

NAA (0.5mg/l) and combined with BAP (3.0 

mg/l) and kinetin (1.0 mg/l) had good 

regeneration potential, highest number of 

shoots and shoot length and took minimum 

number of days for regeneration.  

 

Similarly, Kumar et al., (2011) reported that 

maximum shoot regeneration (76.09%) and 

number of shoots (8.15) per callus was 

observed when full MS medium was 

supplemented with NAA 0.5mg/litre + 

kinetins 0.5mg/litre + BA 3.0mg/litre. But 

average length of regenerated shoots was 

highest (4.32cm) when calli was cultured on 

full MS medium supplemented with NAA 0.5 

mg/litre, kinetin 0.5mg/litre and BA 

1.0mg/litre.  

 

Amin and Shekafandeh (2015) also concluded 

that among the three explants such as nodal 

segments, leaf and root segments, nodal 

segments has been considered as the best 

explants for induction of callus since the calli 

derived from the nodal segments were green 

and friable as compared to the leaf and root 

segments and the callus derived from the leaf 

segments appeared to be brown and necrotic  

and when MS medium was supplemented 

with 0.5mg/l 2, 4-D induced maximum 

embryogenic calli of mexican lime. 

According to Jamilah et al., (2014), Citrus 

assamensis can be regenerated and 

propagated through tissue culture technique, 

as young stem appeared to be the most 

responsive explant type and the highest shoot 

formation (46.7%) was observed when MS 

medium was supplemented with 

1.5 mgL
−1

 NAA and 2.0 mgL
−1

 BAP.          
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Tissue culture in pharmaceuticals 

 

Plant cell and tissue cultures hold great 

promise for controlled production of 

innumerable useful secondary metabolites 

(Vijayasree et al., 2010). Plant cell cultures 

combine the merits of whole-plant systems 

with those of microbial and animal cell 

cultures for the production of valuable 

therapeutic secondary metabolites (Hellwig et 

al., 2004). In the search for alternatives to 

production of medicinal compounds from 

plants, biotechnological approaches, 

specifically plant tissue cultures, are found to 

have potential as a supplement to traditional 

agriculture in the industrial production of 

bioactive plant metabolites (Ramachandra et 

al., 2002). Exploration of the biosynthetic 

capabilities of various cell cultures has been 

carried out by a group of plant scientists and 

microbiologists in several countries during the 

last decade (Siahsar et al., 2011) 

 

Natural production of phytochemicals 

occurred in citrus 

 

Phytochemicals constitute one of the most 

numerous and widely distributed groups of 

substances in the plant kingdom. Plants 

produce chemicals known as secondary 

metabolites that are not directly involved in 

the process of growth but acts as deterrents to 

insects and microbial attack. Phytochemicals 

that possess many ecological and 

physiological roles are widely distributed as 

plant constituents. There are about 40 

limonoids in citrus with limonin and nomilin 

being the principal ones (Craig, 2002). These 

compounds, which occur in high 

concentration in grapefruit (C. vitis) and 

orange juice (C. sinensis) partly, provide the 

bitter taste in citrus.  

 

Limonoids 
 

Limonoids possess the ability to inhibit tumor 

formation by stimulating the enzyme 

glutathione S-transferase (GST). Citrus pulp 

and the albedo (the white of the orange) is 

rich in glucarates. These substances are being 

studied extensively for their potentials in 

preventing breast cancer and to lower the risk 

and symptoms of premenstrual syndrome 

(Craig, 2002).  
 

Flavonoids 
 

Flavonoids are another phytochemicals found 

in citrus fruits. The flavonoids have strong 

inherent ability to modify the body’s reaction 

to allergens, viruses and carcinogens. They 

show anti-allergic, anti-inflammatory, anti-

microbial and anti-cancer activity. These 

flavonoids are responsible for the bitter taste 

of some grape fruits, lemons and oranges.  
 

Quercetin 
 

Quercetin is a flavonoid and more specifically 

a flavonol that constitutes the aglycone of the 

glycoside rutin. Among all the flavonoids, 

Quercetin is found to be the most active and 

due to this reason, many medicinal plants owe 

much of their activity due to their high 

quercetin content. Quercetin has demonstrated 

significant anti-inflammatory activity because 

of direct inhibition of several initial processes 

of inflammation. Quercetin may have positive 

effects in helping to prevent cancer, 

prostatitis, heart diseases, cataracts, 

allergies/inflammations and respiratory 

diseases such as bronchitis and asthma (Yano 

et al., 1999).  
 

Rutin 
 

Another useful citrus flavonoid glycoside is 

rutin and it is also known as rutoside or 

quercetin-3-rutinoside. In humans, rutin 

attaches to the Fe2+ ion and it is preventing it 

from binding to hydrogen peroxide and 

creating a highly reactive free radical that 

may damage cells. It is also an antioxidant 

and therefore, it plays an important role in 

inhibiting some cancers.  
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Tangeritin 

 

Tangeritin is a polymethoxylated flavone that 

is found in tangerine and other citrus peels.  

 

Carotenoids 

 

Another group of phytochemicals found in 

citrus are carotenoids. Pink grapefruit have a 

high content of beta carotene while other 

citrus fruits such as tangerines and oranges 

contain high levels of other carotenoids 

(lutein, zeaxanthin, cryptoxanthin) (Mangels 

et al., 1993) that have significant anti-oxidant 

activity. These carotenoids are associated 

with a lower incidence of age-related 

mascular degeneration, the leading cause of 

blindness in human after the age sixty five 

(Seddon et al., 1994). Pink grapefruit also 

contains a high level of lycopene, the red 

pigment that has a significant anti-tumor 

activity.  

 

Ascorbic acid 

 

The fruit juice contained ascorbic acid, niacin, 

riboflavin and thiamin in varying quantities. 

Ascorbic acid in the body aids in iron 

absorption from the intestines.  

 

It is necessary as an anti-stress and protector 

against cold, chills and damp. It prevents 

muscle fatigue and scurvy that is 

characterized by skin hemorrhages, bleeding 

gums, fragile bones, anemia and pains, joints 

and defects in skeletal calcification (Okwi et 

al., 2006).  

 

It also acts as antioxidants in the skin by 

scavenging and quenching free radical 

generated by ultra violet radiation 

stabilization. The production of collagens is 

also dependent on vitamin C. It helps in the 

promotion and restoration of skin and 

improvement of fine wrinkles. 

 

Phytochemicals in citrus on curing various 

diseases of humans 

 

Cancer 

 

The colon cancer is a serious issue caused by 

the imbalances and wrong uses of diet. 

Mostly 90% cases of colon cancer have 

reported in the world due to diet. The tyrosine 

modulator as citrus flavonoids is useful in 

cancer treatments. Several studies reported 

that in treatments of different cancers lines, 

the juice of citrus showed an anti-

proliferative. The role of flavonoids 

(nobiletin, hesperetin, tangeretin and 

neohesperetin) is tumor controlling activity in 

the human body. The citrus peel oil like d-

limonene showed an anti-cancerous activity, 

especially peel oil of citrus effective in skin 

cancer control. The bioactive compounds 

isolated from seeds of Citrus aurantifolia 

were found to posses the potential of 

inhibiting human pancreatic cancer cells. 

While, the compounds purified from peel had 

the potential of suppressing the colon cancer 

cells. Citrus aurantifolia fruit volatile oil 

showed 78% inhibition of human colon 

cancer cells (SW-480) with 100 g/ml 

concentration at 48 h. Limonene, one of the 

main constituents of citrus species fruit, 

reduces the risk of mouth, skin, lung, breast, 

stomach and colon cancer. Hesperidin, and its 

flavone analogue, diosmin, also exerted anti-

carcinogenic activities in various in vivo 

studies. 

 

Oxidative damage, cardiovascular and 

coronary heart diseases (CVD and CHD) 

 

These are the safe and sound methods 

required for the isolation of citrus new 

bioactive compounds in juice, peel rag, and 

seeds. The chronic, haemorrhoids and leg 

cancer, the 6, 8-di-C-glucosyldiosmetin and   

Vicenin-2 suppressive of blood adhesion 

molecules are mostly found in citrus.  
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The different citrus extracts were used for the 

significant control of haemorrhages. The 

principal role of flavonoids chrysin, luteolin 

and 7-hydroxyflavone is to induce on the 

umbilical vein, the lipoprotein. The bioactive 

compounds are better for 

hypercholesterolemia and atherosclerosis 

control. 

 

Anti-microbial activity 

 

Citrus fruit is a rich resource of flavonoids 

with many physiological properties involved 

in controlling antiviral activity and anti-

microbial activity. Hesperidin and quercetin 

involve in control of herpes virus, 

parainfluenza and polioviruses (Kim et al., 

2003). The sweet oranges and grapefruit is a 

rich source of phytochemicals, suitable for 

microbial control. 

 

Antioxidant activity 

 

Vitamin C is predominant in C. aurantifolia 

and it acts as antioxidant both in vitro and in 

vivo. 

 

 
(Source: Sharma and Roy, 2020) 

 

Fig.1 Synthetic seeds prepared from in vitro grown shoot tips of Citrus Jambhiri Lush 

 

Activity against other diseases 

 

Citrus has a precious resource of soluble and 

insoluble fiber with several benefits in 

preserving and removal of toxic effects in the 

body (Pragasam et al., 2013). Fiber improves 

the gastric adsorption in the small intestine 

like the gastric emptying, reduces the energy 

absorption process, the bile duct and liver 

maintaining (Andreotti et al., 2008).   

 

Effects on the bone 

 

The administration of citrus extracts increased 

the trabecular bone mineral content, and bone 

mineral density of tibia, improved the levels 

of phosphorus and calcium. 

Other effects 

 

Citrus fruits are highly recommended for 

persons suffering from kidney stones, gout 

and arthritis. C. aurantifolia juice contains 

potassium citrate which prevents the 

formation of kidney stones and eases their 

dissolution (Roger GDP, 2002). Due to the 

high content of vitamin C, citrus fruits are 

used in the treatment of scurvy. The anti-

scurvy effect of citrus fruits is very strong 

because of the balanced composition of 

organic acids and minerals (Okwu, 2008). 

 

Currently there is a worldwide increasing 

interest in herbal medicines accompanied with 

increased laboratory investigations into the 
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pharmacological properties of the bioactive 

ingredients and their ability to treat various 

diseases. The phytoconstituents which are 

present in the citrus are mainly coumarins and 

flavonoids which are responsible for the 

actions. There is a need for the development 

of awareness and uses of such compounds in 

life for saving the life threating diseases by 

using the bioactive compounds.  

 

The phytochemical constituents and isolated 

bioactive compounds of citrus genus can be 

investigated further to achieve further leading 

in developing new herbal drug through 

reverse pharmacological approaches for 

treatment of various chronic diseases such as 

liver diseases, arthritis, cancer, and other 

inflammatory diseases. Therefore in order to 

utilise its medicinal values for human 

consumption, there is a need to conserve the 

endangered species of citrus, thereby 

practising certain biotechnological tools such 

as in vitro culture which has a unique role in 

sustainable and competitive agriculture and 

forestry and has been successfully applied in 

plant breeding for rapid introduction of 

improved plants.  

 

Plant tissue culture has become an integral 

part of plant breeding. It can also be used for 

the production of plants as a source of edible 

vaccines as well as many useful plant derived 

substances which can be produced in tissue 

cultures can also be used further by the 

human beings in treating life threating 

diseases. Therefore, further research may be 

carried out on citrus to explore their full 

therapeutic activity. 
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