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erological methods play a pivotal role for the diagnosis, detection, and identification 

of plant viruses. Conventional assay procedures for plant viruses require bioassay 

using an indicator plant, determination of the host range, symptomatological 

observations, and transmission studies through host-vector relations. Physical assay 

procedures require studying the virus particle morphology using electron microscopy. With 

the advent of antibody-based detection procedures, molecular detection of plant pathogens 

has undergone a rapid change over in the past three decades. ELISA, DBIA, TBIA are among 

the few techniques that are widely deployed for screening procedures for plant pathogen 

detection. 

Virus indexing procedures are using a single assay may provide adequate information 

on the identity of a virus; however, a combination of methods is generally needed that are 

specific, sensitive, and inexpensive for virus detection. Due to the progress in biochemistry, 

molecular biology, and immunology, accurate, rapid, and less labour-intensive methods of 

virus detection have been developed. There are various immune-molecular diagnostic 

techniques currently available in the field of virology, and these are Protein based techniques 

which include precipitation/agglutination tests, enzymes linked immunosorbent assay 

(ELISA), dot immunoblotting assay (DBIA), and Tissue blot immunobinding assay (TBIA). 

A comprehensive review on the same has been reported (Abd El-Aziz, 2019) 

Serological assay for rapid plant pathogen detection is based on the recognition of the 

antigen with antibodies produced against them. The demonstration that glutaraldehyde cross-

linked enzyme-antibody conjugates retained both the specificity of the IgG molecule and the 

catalytic properties of the enzyme revolutionized the use of the enzyme-linked 

immunosorbent assay (ELISA) as a rapid and highly sensitive serological method for 

qualitative and quantitative analysis of virus infection. Most often, the antibodies are raised in 
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the lab model organisms or any type of organism that has got a circulatory system. These 

antibodies are polyclonal in nature. Specificity of antibodies can be expected in a monoclonal 

antibody based production system that uses hybridoma technology. 

Serological Assay Techniques 

1) Enzyme Linked Immunosorbent Assay (ELISA) 

The enzyme-linked immunosorbent assay is a commonly used analytical biochemistry 

assay that is a plate-based technique designed for detecting and quantifying soluble 

substances such as peptides, proteins, antibodies, and hormones. Most of the economically 

important and widespread plant viruses can now be characterized by this method (Koenig, 

1978).  The stepwise workflow of ELISA is provided in Fig.1. 

 

Fig. 1: Steps in ELISA 

Advantages 

1. Choice of varieties of labeled secondary antibodies commercially is a big plus for this 

method 

2. This is a versatile method since primary antibodies can be made in one species, and the 

same labeled secondary antibody can be used for detection. 
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3. Maximum immunoreactivity of the primary antibody is retained. 

4. Increased sensitivity because each primary antibody contains several epitopes that can be 

bound by the labeled secondary antibody that allows signal amplification. 

Disadvantages 

1. Possibilities of cross-reactivity with the secondary antibody resulting in nonspecific 

signal. 

2. An extra incubation step is required in the assay procedure. 

Types of ELISA 

ELISA tests are classified into different types based on how the analytes and antibodies are 

bonded and used (Fig.2). 

 

 

Fig. 2: Types of ELISA 
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i) Double Antibody Sandwich ELISA (DAS-ELISA) 

The direct ELISA procedure involves the binding of antibodies [immuno gamma 

globulin (IgG) fraction of antiserum] to the well surface of the microtitre plate, which further 

captures the virus in the test sample (Fig.2a) . The captured virus is then detected by 

antibody-enzyme conjugate kept for a particular incubation followed addition of color 

development reagents (substrate). This procedure is also referred to as Double Antibody 

Sandwich ELISA (DAS-ELISA). 

ii. Indirect ELISA - Double Antigen coated (DAC)/Plate Trapped Antigen ELISA 

In the case of an indirect form of ELISA, Antibodies raised in two different animal 

species are alternatively immobilized with the virus in the wells of the ELISA plate. The 

indirect ELISA detects the presence of antibodies in a sample. The antigen for which the 

sample must be analyzed adheres to the wells of the microtitre plate. The primary antibody 

present in the sample bind specifically to the antigen after the addition of the sample (Fig. 

2b). 

The solution is washed to remove unbound antibodies, and then enzyme conjugated 

secondary antibodies are added. The corresponding substrate for the enzyme is added to 

quantify the primary antibody through a color change. The concentration of primary 

antibodies present in the serum directly correlates with the intensity of the color. 

iii. Triple Antibody Sandwich ELISA (TAS-ELISA)  

A lot of similarity with DAS-ELISA is there, but an additional step is involved by 

adding a monoclonal antibody (MAb) followed by the addition of enzyme-conjugated species 

specific antibody. This method was developed by Geering and Thomas (1996) for virus 

indexing of Banana bunchy top virus (BBTV), which is the preferred method when compared 

to dot immunobinding assays.  

iv. Competitive ELISA 

This ELISA is based on the competitive reaction between the sample antigen and 

antigen bound to the wells of the microtitre plate with the primary antibody (Fig. 2c). First, 

the primary antibody is incubated with the sample, which leads to the formation of 

Ag-Ab complex is then added to the wells that have been coated with the same antigens. 
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After incubation, unbound antibodies are washed off. The more antigens in the sample, the 

more primary antibodies will bind to the sample antigen. Ultimately there will be a smaller 

amount of primary antibody available to bind to the antigen coated on well. Secondary 

antibody conjugated to an enzyme is added, followed by a substrate to elicit a chromogenic 

signal. Concentration of color is inversely proportional to the amount of antigen present in 

the sample. 

2) Immuno blotting 

The immune blotting techniques use antibodies to identify the target viral proteins 

among a member of unrelated protein samples, and this involves the antigen-antibody 

specific reaction to identify the protein target.  

Two major classes:  

I. Dot Immunoblotting Assay (DIBA). 

II. Tissue Immunoblotting Assay (TIBA). 

a. Dot Immuno blotting Assay (DIBA): 

Dot Immunoblotting Assay (DIBA) is widely used for the detection in both plants and 

vectors for routine diagnosis of plant viruses. DIBA can be considered a strong technique as 

comparative to ELISA because it requires only a crude specific antiserum for each of the 

viruses tested for, and therefore, DIBA can be used in poorly equipped laboratories.  

It is mostly similar to ELISA, but in one aspect, it is different, and that is the plant 

extracts are spotted onto a membrane rather than in a microtitre plate or solid support used in 

ELISA. Here hydrolysis of the chromogenic substrate leads to visible colour precipitation, 

confirming the presence of virus in the sample. 

b. Tissue Immuno blotting Assay (TIBA): 

Tissue Immuno blotting Assay (TIBA) is mainly based on blotting of a target 

biological sample such as freshly cut edge of leaf blade, leaf, stem, tuber, root or an insect on 

to the membrane followed by detection with labeled antibodies (Fig.3;  Lin et al., 1990). The 

disadvantage of DIBA and TIBA is the weak positive reactions are not visible sometimes for 

more sap colour development.  
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Fig. 3. Tissue Immuno blotting Assay 

But in overall, both of these techniques have great handling and shipment of 

experimental membranes from one location to another location or one country to another 

country. 

Conclusion 

Serological procedures remain the mainstay in indexing program for plant viruses, 

although recent editions of PCR based techniques has taken upper hand due to the simplicity 

and versatility. The diagnosis of viral infections represents the most widely used application 

of serological investigations in all fields of virology. Serological cross-reactions are most 

reliable criteria for deciding on relatedness between viruses;, since viruses that are 

serologically related always share morphological and biochemical characteristics that place 

them in the same taxonomical group. Serological procedures are now widely adopted for 

plant virus indexing and certification programs that particularly complement other established 

procedures of virus indexing. 
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lowers or inflorescence are the reproductive part of a plant. Since the oldest of times, 

these have been used in beautification of places and people to uplift spirits and 

visual décor. As garlands in weddings, wreaths on graves, and often as offerings in 

religious places like temples and dargahs, flowers find a place in prosperity and adversity – 

both. However, talking about the edible portion of a plant, rarely do flowers feature in this 

discourse as against the fact that culinary use of flowers has been witnessed in many cultures. 

There is reportage of usage of roses and violets in dishes and use of lavender in sauces in 

Ancient Rome. Similarly, the Chinese incorporated flowers as a major ingredient in a wide 

range of recipes.  In recent times, there has been an impetus in use of flowers in diet for 

nutritive benefits. 

The Chinese and Japanese have been known to use edible flowers for thousands of 

years. Many are used to garnish food and or use in cocktails. Traditionally, the use of flowers 

has also been witnessed in Kashmiri cuisine. Flowers like Cockscomb, Rose, Viola, Poppy, 

and Squash have been used for their color, aroma, seeds, and medicinal benefits. 

Inflorescence of Cockscomb is used as a natural food colorant in Traditional Kashmiri 

Cuisine called Waazwan. Similarly, the stigma of the Saffron flower is used for its aroma in 

Waazwan and Kehwa – the traditional beverage which is used for its aroma. The petals of 

rose and viola are crushed to make a paste that is traditionally known to have medicinal value 

and is used to maintain optimal health. Seeds of Poppy or Khashkhash are used in the 

traditional bakery to enhance texture and visual appeal.   

 

F 
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Cockscomb or Celosia cristata 

Cockscomb flowers have been traditionally used for their infusion to be used as a 

food colorant. The flower is cut and allowed to steep in hot water (not over flame), covered 

with a lid, and allowed to stand for an 1-2 hours. This results in a vibrant hued infusion that is 

used in traditional Kashmiri Cuisine, Waazwan, which is a banquet meal course having about 

20 dishes consisting of mutton, vegetables, and chicken. Most of these dishes have a typical 

red color that is due to the addition of Mowal infusion, saffron infusion, and other spices and 

condiments. Traditionally, Waaza or the traditional chef prepares the infusion at the time of 

cooking these elaborate meals. Waazwan is rather special meals that are cooked and served 

when the expected number of guests is large, i.e., weddings, funerals, baby showers, 

housewarming etc. It has immense socio-cultural importance and is always cooked and 

served with perfection.  

The use of cockscomb is endorsed safe as a food colorant and is used profusely in 

traditional cuisine. It is natural, preservative free and easily cultivable in the courtyard 

requiring minimal inputs. Infact, flowers like Chrysanthemum, Viola or Dianthus are found 

to have highest levels of mineral elements – the most abundant element being potassium 

recording a value ranging from 1842.61 – 3964.84 mg/kg of Fresh Mass (Rop et. al., 2015) 

Crocus sativus L. or Saffron 

Saffron or Zaafraan as it is colloquially called in Kashmiri are a spice grown in warm 

sub-tropical climate. The use of the flower of Saffron, for its stigma has been traditionally 

used for color and aroma in food.  The purple colored flower, inactive in summer, blossoms 

only in autumn. The part of the flower which is principally used are the stigmas which are 

handpicked and dried. Only a few strands are steeped in hot water - allowed to stand in it for 

one-two hours till the color of stigma is infused into it. A golden extract is then derived which 

is then added to the traditional foods like Kehwa and Waazwan.  Kehwa is a Traditional 

Kashmiri Beverage that is a concoction of cardamom and sugar to which saffron infusion is 

added to render it a delightful golden hue and a typical aroma. Saffron infusion is also 

profusely used in Waazwan. 

 

 



 

9 
 

Volume 3 – Issue 9 

Online ISSN: 2582-368X 

Rosa damascena or Rose 

The species of rose found in Kashmir is a flowering shrub plant species of genus Rosa 

in the family rosaceae. Colloquially called ‘Koshur Golab’ these are used for their petals to 

prepare ‘Gulkand.’ Literally translating, „Gul’ means flowerand ‘kand’ means sugar meaning 

‘sugared flowers’. It is made from the indigenous rose preserved in a sugar base. Petals are 

removed from rose hips, checked for insect infestation and washed. For a kilogram of rose 

petals, one kilogram sugar is taken and these are then pounded together in a stone mortar and 

pestle till the rose petals are crushed. Bound with sugar granules this mixture is then 

transferred into clean containers and are sealed to lock out air to prevent microbial activity. In 

this mixture sugar acts as a preservative. The mixture is allowed to stand for about a fortnight 

till it ferments and is thus ready to be used. Traditionally, Kashmiri people believe that a 

teaspoon is consumed just before breakfast to keep immune system healthy.   

        

 

 

Fig. 1: Preparation of Gulkand 

Viola odorata or Viola 

Viola odorata is an early spring flower which belongs to Violaceae family. The use of 

Viola or ‘Bunafsha’ is similar to the use of Rose. The flowers of viola are collected in early 

spring for preparation of Khambeer. The flowers are crushed along with sugar in a stone 

mortar and left to ferment for about a week‟s time. Equal quantity of viola petals and sugar 

are taken and pounded together in a stone mortar. When well crushed, the mixture is then 
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transferred to a clean air tight container and then left to ferment. It has cooling properties and 

is used to bring down high fever and bring relief to cough. It is taken half a teaspoon empty 

stomach to avail its therapeutic benefits.  

Cucurbita moschata or Squash 

Various varieties of cucurbits are grown in Kashmir. Squash blossoms or pumpkins 

have abundant amount of water and little amount of fat. The inflorescence or flower of 

squash (male flower) is picked washed and cooked in yogurt when in season. Care is taken 

that only male flowers are picked and cooked. These are sometimes also dipped in chickpea 

flower batter and fried to be consumed as fritters. The fritters are consumed as snacks. They 

are also cooked in sweet milk broth, seasoned with fennel and salt, to be consumed with rice 

as meal. 

Papaver somniferum or Poppy 

Poppy belongs to the family of Papaveraceae. Its seeds are popularly known as 

Khash-Khash in Kashmiri. These are invariably used in traditional bakery, confectionary and 

sweet dishes for the special texture that they offer to food. Among the traditional bakery, 

there feature Kulcha, Sheermal, Girda, BakerKhaani and Roath that are topped with Poppy 

Seeds. People also grow these around their homesteads for domestic consumption. They are 

also used for garnishing sweet dishes like Halwa or Phirni – both cooked from Semolina 

(Sooji) and sugar. 

Conclusion 

Though the literature on use of these across cultures is rather limited, there is an 

increase in the renewed interest in edible flowers for research and development. There is 

compelling evidence about the hazards of synthetic food colorants which are believed to be 

carcinogenic and also stimulating hyperactivity among children. Promotion of these edible 

flowers and educating masses would need to be up-scaled as natural and safe food colorants 

coupled with their nutritive benefits. 

To conclude, the promotion of edible flowers as a prospective source for the food industry, 

gastronomy and as a prospective agent in nutritive health cannot be undermined. At the 

grassroots, massive outreach to locals for encouraging cultivation on the home scale can go a 

long way in ensuring the availability of natural foods. The use of flowers in cuisine is also 
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our socio-cultural connection with the history of our land. The domain of edible flowers 

provides excellent entrepreneurship venues for youth who can carve a niche for themselves 

by making a foray into the production and processing of these forgotten treasures afresh. 
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hekurmanis (Sauropus androgynus), belonging to Euphorbiaceae, is a perennial 

shrub, growing wildly in Southeast Asia. The leaves of chekurmanis are highly 

nutritious, being a very rich source of micronutrients, vitamins, and protein. It is 

known as “Vegetable of 21
st
 century”, “Multivitamin Green”, “Powerhouse of 

Multivitamins” and “Multimineral packed leafy vegetable”. Leaves are rich in proteins (6-

8%), high compared to other leafy vegetables like methi and palak; Vitamin A (more than 

mangoes and papayas), and Vitamin B, C, Nicotinic acid, mineral matters, phosphorous and 

iron. It is why the plant is nicknamed as „multi vitamin green,‟ and „multi mineral packed 

leafy vegetable‟.  

The crop is extensively grown in hot and humid climatic situations. The leaves and 

succulent young tips of the plant are normally eaten like tropical asparagus, raw in the form 

of salads or steamed or alternatively added to stirfry, rice, and egg dishes, soups or 

casseroles, and sometimes blanched to serve with chili paste. The flowers and the small 

purplish fruits of the plant are also reported to be eaten. 

Botany: It is a slow growing glabrous shrub; attaining a height of 2-3.5 m. Main branches are 

erect and flaccid, while lateral branches are thin. It bears dark green oval leaves which are 5-6 

cm long. The plant bears small reddish monoecious flowers. Flowers are found in the month 

of April-July. Fruits are sessile, white or pinkish, 0.2 cm in diameter with a fleshy epicarp. 

Fruit setting occurs in July-December. It is usually maintained as a perennial plant at the 

height of 1-1.5 m by frequent harvesting of leaves. 

Nutritive value: It has been reported that an analysis of the proximate composition of S. 

androgynus leaf has shown that its nutritive value is superior to other commonly consumed 

leafy-vegetables in India.  

C 

mailto:shruannigeri100@gmail.com


 

13 
 

Volume 3 – Issue 9 

Online ISSN: 2582-368X 

Leaves of chekurmanis are rich in minerals. Minerals are considered essential for 

physical and mental development, the immune system, and various other metabolic 

processes. 

Chekurmanis leaves are rich in vitamins. It is very rich in Vitamin A (9510 IU) and 

Vitamin C (247 mg/ 100 g fresh leaves). Evidence have suggested that the plasma levels of 

Vitamin C in large sections of the population are sub-optimal for the health protective effects. 

As it cannot be synthesized by human system, our body entirely depends upon dietary 

sources to meet the needs of this vitamin. Apart from the well-known roles in vision, Vitamin 

A is also important for several other physiological processes including, foetal development, 

cell growth and regulation of immune system 

 Medicinal Properties 

 A decoction of its roots is often recommended in case of fever in rural areas  

 Pounded roots and leaves are reported to be used as a poultice for ulcers in the nose  

 In some areas of South India, the juice of the leaves pounded with the roots of 

pomegranate and the leaves of jasmine is used in eye troubles  

 The dark green leaves provide a rich source of chlorophyll which is a valuable blood 

building element, cell rejuvenator, beneficial to blood circulation and for regular 

bowel elimination.  

 As discussed earlier, they are rich in various micro nutrients and phytochemicals 

having antioxidant properties which offer protection against heart disease and certain 

types of cancer. For example, Beta-carotene prevents lung and skin cancer, niacin 

prevents recurrent heart attacks, ascorbic acid helps in improving immune system and 

riboflavin for lesion treatment etc.,  

 High blood pressure is lowered by eating raw leaves.  

 Leaves are given as vegetable to nursing mothers to stimulate breast milk production. 

In lactating sheep also, it induced milk production. 

 It is also beneficial to cure anemia. 
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 It is suitable to prevent tiredness, to promote absorption from the alimentary tract and 

to prevent chronic cardiovascular diseases  

 The leaves are also found to contain the amino acids like lysine, methionine, 

tryptophan, phenylalanine, threonine, valine, leucine and isoleucine  

 Polyphenols present in the leaves have protective effects on human carcinogenesis, 

cardiovascular and renal disorders, memory and cognitive function, age-related 

neurological dysfunctions such as Alzheimer‟s disease, ulcers and several other 

human ailments. 

 Substantial amount of flavonoids present in the leaves are known to act at different 

development stages of malignant tumors by protecting DNA against oxidative 

damage, inactivating carcinogens, inhibiting the expression of the mutagenic genes 

and enzymes, which are responsible for activating pro-carcinogen substances and 

activating the systems responsible for xenobiotic detoxification. 

 Sauropus androgynus leaf is reported to contain considerable amounts of the alkaloid 

papaverine (580 mg per 100 gm fresh leaf). Papaverine is an alkaloid antispasmodic 

drug, used primarily in the treatment of visceral spasm and vasospasm (especially 

those involving the intestines, heart, or brain) and occasionally in the treatment of 

erectile dysfunction. It is used in the treatment of acute mesenteric ischemia 

Uses and Foods Prepared from Chekurmanis  

 The leaves, tender shoots, and fruits are used either as raw or as cooked vegetable. 

Cooked leaves are acidic and are used in soup preparation in Java. A sweetmeat is 

also prepared from the fruits there  

 In Indonesia, the leaves are reported to be used for giving light green colour in pastry 

and fermented rice Leaves are used in sandwiches, salads, curries, meat, rice & curry 

dishes, scrambled eggs, omelets, pickles, casseroles, stir fries and as a garnish  

 To cook it with crab meat, minced pork or dried shrimp tomato. 

 Chekurmanis leaves are used for preparing cutlet in southern part of India. 
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 The leaves and succulent young tips of the plant reportedly possess a pleasant taste, 

similar to fresh garden peas and slightly nutty and these are normally eaten like 

tropical asparagus, raw in the form of either salads or steamed in Kerala and 

Karnataka. 

Conclusion 

Climate change and population growth impede progress toward achieving food and 

nutritional security. Production of an expanded range of food crops can reduce risk and 

enhance food security. Diversified diets, based on a range of crop species, are essential for 

nutritional security. Leafy and underexploited vegetables like ckekurmanis in particular have 

appreciable levels of „macro‟, „micro‟ and „phyto‟ nutrients which can help in alleviating 

malnutrition and significantly contribute to nutritional security. So, the consumption of this 

green leafy vegetable should be promoted, especially among the vulnerable sections of the 

population because of its cheap price. This could be a highly feasible strategy to combat 

problems of malnutrition in our country in future. 
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he genus Dalbergia is a silviculturally and economically important tropical genus 

which classifies more than 100 species of trees, and shrubs and belongs to the 

family Fabaceae and subfamily Papilionoideae. Among several ecologically 

important species, Dalbergia sisoo has been considered to be one of the essential species. The 

genus Dalbergia had been accepted in the 18
th

 century by two Swedish botanists, particularly 

Nils and Carl Dalberg. It is a medium to large, deciduous, long lived tree with spreading and 

thick branches which attain a height of upto 30m and a girth of 2.4m. It is widely grown for 

its durable heartwood on well drained sandy soil. 

Importance of Dalbergia sisoo  

It is a rapid growing tree which enhances nitrogen fixation and provides excellent 

timbers for producing extremely finest furniture and marine grade plywood. Apart from 

cultivating as a source of leguminous tree, it is also grown as an ornamental tree which is 

highly valued for fodder in addition to soil conservation. In India, it is considered to be one of 

the essential leguminous trees for large scale utilization in industrial plantation purposes 

(Bakshi and Sharma, 2011). Plant parts including bark and wood are generally a potent 

source of expectorant, anti-helminthic and antipyretic properties. In addition, roots are used 

as an astringent and leaves are used for treating eye infections and gonorrhoea (Kritikar and 

Basu, 1975). From the ecological point of view, it plays a fundamental role in environmental 

conservation and ecosystem balance (Bari et al. 2008). 

Constraints of Conventional Propagation Method  

Majority of the tropical and ornamental woody species are prone to heterozygosity 

and hence genetic improvement in these species has become a major constraint. Dalbergia 
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sisoo can be propagated by conventional methods, including seeds, planting suckers, and 

stem cuttings. But the conventional methods of propagation seems to be laborious, time 

consuming and provides a negligible or very low rate of multiplication. Propagation through 

seeds shows poor germination rate in addition to the death of young seedlings even under 

natural optimal environmental conditions (Anonymous 1989). Since this species is open 

pollinated and hence the seedlings raised directly by seeds are prone to wide genetic 

variability and are not true to type. Conventionally propagated seedlings of Dalbergia sisoo 

are susceptible to wilt and collar rot due to the attack by the vectors, particularly Fusarium 

vasinfectum and Rhizoctonia solani. 

Applications of Biotechnological Advances for Propagation and Conservation  

Propagation of Dalbergia sissoo (rosewood) through the use of biotechnological 

techniques, particularly tissue culture and synthetic seed production using different gelling 

agents, would provide multiple advantages, including fast multiplication of the elite 

genotypes, quick release of improved cultivars, production of disease free planting materials, 

conservation and exchange of germplasm (Asthana et al. 2011). Direct and indirect 

techniques of invitro micropropagation and plant regeneration from healthy and friable callus 

cultures derived from nodal segments (Gulati and Jaiwal, 1996), cotyledonary segments from 

axenic seedlings in addition to hypocotyl segments (Sharma and Chandra, 1988) have been 

proven to be a successful protocol for mass multiplication and conservation of this species for 

future utilization. Another alternative method for conservation and utilization of this 

economically important tree species is the production and development of synthetic seeds, 

which is an emerging technique in the field of plant biotechnology and can be defined as an 

encapsulation of plant tissues, including somatic embryos, shoot buds, axillary buds, shoot 

tips, cell aggregates etc. that has the potential of developing and converting into a complete 

plant under in vitro or ex vitro conditions. In addition, it also offers several advantages 

particularly easy handling, reduced size of propagules, ease in transportability without losing 

viability, potential long-term storage, high scale-up production and low cost of production. 

Such type of work could be very beneficial since unipolar re-growth occurs during the 

conversion of synthetic seeds into plantlets. 
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Complexing Materials Used for Synthetic Seed Production  

Gelling agents particularly sodium alginate (3%) and CaCl2.2H2O (75mmol/L) are 

considered to be the best for encapsulation of plant propagules, including shoot tips, nodal 

segments and root primordia as well as its conversion into plantlets. 

Optimum Temperature and Period for Storage of Synthetic Seeds 

Storage of synthetic seeds at a very low temperature of 4 °C for 8 weeks (60 days) 

under a tissue culture chamber can be considered to be ideal for successful and safe storage. 

The viability of synthetic seeds remains invariable upto 60 days but gradually, its conversion 

frequency decreases after a certain period of storability. Preservation of the viability of 

encapsulated plant propagules for a period of 60 days offers a wide range of possibilities of 

using this technique for long term conservation and utilization of this economically important 

tree species. 

Conclusion  

Since Dalbergia sisoo is an economically important leguminous tree, its conservation 

through recent biotechnological approaches, particularly invitro micro-propagation and 

synthetic seed production technology, would extremely benefit the environment by 

maintaining ecological balance. In addition, it would also provide large scale multiplication 

of this species within a short period of time for further commercialization of this species. 

Propagation through biotechnological techniques would also enhance the production of 

disease free planting materials. Hence, encapsulation of viable plant propagules of Dalbergia 

sisoo and conversion into a complete plantlet would aid in long term storage and 

conservation.  
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ach year a large quantity of stored cereal, pulses, and oilseed became unsuitable for 

human and animal consumption due to different factors, including mycotoxins. 

Among several mycotoxins, aflatoxin is responsible for unprecedented economic 

loss and toll on human and animal health. Aflatoxin is a highly carcinogenic, highly toxic 

secondary metabolite produced in stored grains, oilseeds, nuts, dried fruits, and vegetables by 

a plethora of fungi, most prominently by Aspergillus flavus and A.parasiticus and less 

commonly by A. pseudotamarii, A. nomius, A. parvisclerotigenus, and A. nomius. In 2002 

World Health Organization had noted that "aflatoxin 

contamination possess significant risk human and 

animal health hazard along with economic loss". 

The word "Aflatoxin" itself is derived from 

the name of its causal organism, where "A" denotes 

Aspergillus, "fla" denotes flavus, followed by 

"toxin" or poison. The identification of aflatoxin as 

a potent mycotoxin goes back to the 1960s when 

more than a lakh of turkey birds died for no apparent 

reason, which the only shared connection was that 

all these birds 

E 

Fig1: Aspergillus flavus colony in agar medium 
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 were feed mold-infested poor quality groundnut seeds.  This incident had been 

reported in the scientific literature in 1961 and termed as "turkey X" disease. On the 

compositional basis, aflatoxin is a coumarin ring in which dihydrofuran and tetrahydrofuran 

fractions are infused. There are numerous variants of aflatoxin that exist in the open 

environment; however, four major variants, i.e., B1 (AfB1), B2 (AfB2), G1 (AfG1), and G2 

(AfG2), are most commonly encountered. The "B" and "G" stand for blue and green, 

respectively, while 1 and 2 denote higher and lower migration distances visible in UV 

chromatography. Among all these variants, a more significant concern is associated with the 

AfB1 derived AfM1 and AfB2 derived AfM2 commonly detected in cow milk if the cattle are 

fed with contaminated feeds, especially groundnut cakes, as even a minimal amount of 

aflatoxin can cause life-threatening issues for infants and children.  

 

 

 

 

 

 

Aspergillus and the Origin of Aflatoxin 

 The most common form of Aspergillus, the Aspergillus flavus, can grow on complex 

protein and carbohydrate substrates, enabling more extensive host specificity, including 

plants, animals, and even humans. Aspergillus is a fungus from the Ascomycota phylum and 

Trichomaceae family and is extensively found in tropical and sub-tropical climates where 

temperature lingers around 27-30⁰C and relative humidity above 80% although unlike A. 

parasiticus; A. flavus can survive the much drier arid climate. Aspergillus can be found in 

different soils worldwide, present as spores, hyphae, and sclerotia. Colour and morphological 

characteristics distinguish different species of Aspergillus, while the colonies are typically 

flat, granular, and powdery in texture. As the temperature decreases during the winter, A. 

flavus produces its microscopic structure for survival, a compact and hard mass of mycelium 

known as sclerotia. 

Figure2:Aspergillus infested 

groundnut and maize kernel 
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Implication on Human and Animal Health 

 Ingestion of aflatoxin results in many 

complexions, including severe toxicity, liver 

necrosis, cancer, or death. Repeated ingestion in 

even tiny quantities can cause 

undernourishment, immune suppression, a 

complication in reproductive organs, hepatic  

cell carcinoma, and impaired growth and 

development in humans and animals.  

The severity of the symptom and disease is often regulated by the frequency and quantity of 

aflatoxin present in food or feed. Very high consumption is termed acute aflatoxicosis, which 

is rare but upon occurring causes fatty and decolorized liver, hemorrhages due to altered 

clotting mechanism of blood, reduction of liver serum protein, glomerular nephritis, and lung 

congestion.  In ingestion in a lower quantity for a prolonged period, immunosuppression is 

the most common symptom. One of the primary variants, AfB1, is the most lethal naturally 

occurring hepatocarcinogen to humans. Repeated exposure to aflatoxin significantly increases 

the risk of hepatocellular carcinoma. The severity increases even up to 30 times if the person 

is already suffering from Hepatitis B. Besides the complications above, aflatoxin produces 

ROS, toxic compounds such as b-nitropropionic acid, cyclopiazonic acid, kojic acid, 

sterigmatocystin, aflatrem, aspertoxin, Aspergillus acid, and gliotoxin. 

Hazard of Aflatoxin Contamination of Food and Feed 

 In recent times agricultural production and distribution systems are not close circuits; 

instead, the whole world is connected by the different agricultural circulatory systems. As a 

result, although aflatoxin contamination is predominant in the hot and humid climate, any 

region of the world can be susceptible to potential aflatoxin contamination. Although 

numerous agricultural commodities are susceptible to aflatoxin, groundnuts, maize seeds, 

cotton seeds, and tree nuts are the most common commodities. Research investigations 

indicate that A. flavus and A.parasiticusinvades maize, cottonseeds, and groundnuts, 

respectively, before the crop reaches its maturity.  

Figure 3: Conidiophores of Aspergillus 

favus 
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Aspergillus predominantly targets plants/ grains with previous insect attacks and 

mainly targets areas with wounds common in maize seeds. Infection through silk is also 

reported in maize. Maize cultivated in dry and dryland areas is subjected to seed cracking 

which accelerates the attack of insects followed by Aspergillus invasion. At the initial stage, 

Aspergillus infests embryo tissue and aleurone layer and subsequently infests endosperm.  

On the other hand, groundnut is susceptible to both A. flavus and A.parasiticus, but 

infestation occurs only when the plant is damaged or facing environmental stress such as 

drought or increased soil temperature to 30 degrees Celcius during maturity and harvesting 

period.   When there is rain in between digging up the pegs and harvesting, the chances of 

contamination increase. The mechanical damage during transportation also plays a critical 

role in Aspergillus contamination. Generally, uncultivated soils contain fewer Aspergillus; 

however, cultivated groundnut has a higher number of conidia which further increases 

drought. If the kernel moisture is above 20%,the chances of Aspergillus invasion increase 

manifold.  

A.flavus also infested cotton, and the aflatoxin level in cottonseed cakeexceeds the 

toxic limit. The infestation is much more common in the case of bolls which were previously 

attacked by pink bollworms. If the mean daily temperature rises above 24⁰C accompanied by 

high relative humidity or rainfall, the chances of aflatoxin formation areincredibly high.  

Detection of Aflatoxin 

 Awareness regarding aflatoxin contamination 

has been increased over time across the world. The 

awareness is mainly increased in Asian and African 

countries. However, as in Africa and Asia,the small 

farmers do most of the farming; proper monitoring 

and awareness regarding aflatoxin arecomplex. The 

upper limit of the aflatoxin is different in different 

countries; in the USA its 20 µg/kg, in the European 

union 0.10 µg/kg for AB1 and 0.025 µg/kg for AM1 

for infant meals and India its 30 µg/kg for all foods. 
Figure4:Rapid aflatoxin detection kit 

favus  
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In the majority of the countries, the limit lingers around fourµg/kg. AM1 is more important 

from in dairy products perspective, and it directly depends on the AfB1 content in the feed; 

the safe limit of which is set 20-300 µg/kg depending on feeds.  

The detection procedure of aflatoxin is widely varied from the older thin layer 

chromatography (TLC) to newer generation high-performance liquid chromatography 

(HPLC), enzyme-linked immunosorbent assay (ELISA), and liquid chromatography-mass 

spectroscopy (LC/MS). Most of these procedures are based on the aflatoxin compound's 

fluroscene characteristics, which requires extraction of aflatoxin from food or feed followed 

by separation from other contamination and concentration upto a measurable limit. Different 

strip-based measurement systems are also available in the market for more straightforward 

and rapid detection.  

Aflatoxin Prevention Measure 

 Over the years, several pre-harvest and postharvest methods have been developed to 

control Aspergillus and aflatoxin contamination. Avoidance of contamination is the most 

straightforward yet efficient measure to control aflatoxin. Preharvest agronomic management 

strategies, including cultivating resistant crop varieties, good cultural practices, fungicides, 

pesticides, proper water management to avoid drought stress, and harvesting in the proper 

maturity stage are essential tools to prevent aflatoxin contamination. Modern 

biotechnological methods, including the transfer of fungal infection-resistant genes,are 

helping to curb this toxicity. 

 Postharvest strategies include rapid drying, maintain proper storage conditions, and 

checking chemical change. However, this procedure requires proper structure and investment 

seldom found with the small farmers. As an alternative, some makeshift procedures can be 

used to prevent contamination. For example, maize kernels can be cooked for 45-60 minutes 

in a slightly alkaline solution to prevent aflatoxin contamination.  

Conclusion 

  Aflatoxin contamination by Aspergillus is one of the most potent mycotoxins in the 

agriculture and allied sector, which can cause severe damage to the liver, acute toxicity, and 

hepatic cell carcinoma, or even death of both animals and humans. The toxicity issue is even 

more serious when infants and small children are fed with contaminated milk resulting from 
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feeding milch cows Aspergillus contaminated feeds. Despite such severity of Aflatoxin 

contamination, the awareness and prevention measures are pretty limited, especially in Asian 

and African countries, as agricultural activities are primarily driven by marginal and small 

farmers who lack mechanized and sophisticated crop management, harvesting, and 

postharvest technological expertise. However, technological advancement paved a way to 

integrate aflatoxin management with proper crop management; integration of 

biotechnological and omics tools, development of rapid kit or strip-based detection 

procedure, and development of country-specific and strain-specific toxicity limits finally 

increased awareness.  
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