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Mango (Mangifera indica L.) is the choicest fruit of India in terms of not only production 

but also economic importance and acceptability by the consumers. India is the largest producer 

of mangoes in the world and it covers nearly 36% of total fruit area and 39.6% of production in 

India. Even though India is the largest producer and has more than 1600 mango genotypes,  its 

contribution to the mango export earnings from agriculture products is less than 2%. Problems 

such as internal disorders, insect infestation and pesticide residue along with inadequate 

postharvest technology and management system are the major bottlenecks to the expansion of 

mango trade from the country.  During the last few years, jelly seed disorder has caused havoc in 

certain areas, thereby hindering the export and consumption of mango.  

 

The jelly seed disorder is associated with the ripening process, being unique by mesocarp 

breakdown in the vicinity of the seed and development of off flavor. When in an advanced state, 

affected tissues may become discoloured and the fruit almost entirely affected. Unfortunately, 

fruits affected by jelly seed can’t be identified physically and consumers come to know only 

when fruits are cut open. Only then, they find that few fruits in the lot are not worth consuming. 

Now, with the increased awareness of consumers on quality of produce, necessitates producer, 

seller or exporter of any commodity to pay special attention on quality of products for marketing.  

 

With the advancement in technology, the dream of use of several non-destructive 

techniques such as Nuclear Magnetic Resonance (NMR), X-ray and Computed Tomography, 

Near Infra-Red (NIR) Spectroscopy, Electronic nose, Ultrasound etc., for screening of many 

ailments in fruits has come true. Among them, X-ray imaging is one of the non-destructive 

techniques, which is widely applied in quality estimation of fruits. X-ray inspection has a distinct 

advantage over other detection techniques, as it is non-destructive imaging of interior features of 
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sample, which detects internal defects and can be easily handled. This has become increasingly 

common in recent years in food industries of processed foods, packaged foods, canned foods, 

etc., due to increase in emphasis on food safety.  

X-ray is a radiation which is a kind of electromagnetic wave whose wavelength is shorter 

than ultraviolet and microwaves. Use of X-ray radiation for food products has no problem in 

microbiological safety and nutritional quality of irradiated food.  Even though X-ray imaging has 

great potential in resolving the problems associated with mango export, a very little work has 

been done for the detection of internal breakdown disorders in mango using X-ray imaging, and 

no research work on jelly seed detection using X-rays has yet appeared in the literature. Hence, 

an attempt was made to explore the possibility of detecting jelly seed disorder using X-ray 

imaging.  

Methodology 
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X-ray machine parameters 

Current (kV) 30 – 60 

Voltage (mA) 4 - 8 

Exposure time (mAs) 100 - 400 

1 

•  Five mango genotypes each of 50 fruits are 
selected. (Dushehari, Chausa, Pusa Surya, 
Gulab Khas Green, St. Alexandrina) 

2 

• Fruits were harvested at full mature stage, 
washed, surface cleaned and were allowed to 
ripen at room temperature.   

3 

• Once fully ripend, they were subjected to X-
rays using X-ray machine (Heliophos 
D/Klinoskop-H/Siemens Ltd, Japan). 

4 

• Different combinations of current, voltage and 
time in the range of 30 to 60Kv, 4mA to 8mA, 
100 to 400mAs, respectively were used in trail 
and error manner to develop a good X-ray 
image. 

5 

• The X-ray images which were acquired were 
stored in the computer for further processing. 

6 

• Same sets of fruits were brought to lab and were 
cut open transversily.  

7 

• Then the cut fruits were compared to that of X- 
ray images for the incidence of jelly seed 
disorder.  

Jelly seed fruit X-ray image 
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Images showing 1.mango fruits, 2.exposure to X-rays, 3.Image acquisition in 

computer, 4.X-ray image processing (left to right). 

 

Mango genotype Jelly seed affected 

portion (%) 

Mango fruit 

Length (mm) 

Min-Maximum 
Width (mm) 

Min-Maximum 

Dushehari 57 90.43 - 120.56 49.12 - 67.36 

Chausa 51 86.41 – 92.36 65.67 – 77.60 

Pusa Sruya 37 92.13 – 113.67 78.12 – 89.74 

Gulab Khas Green 60 70.45 – 79.10 61.23 – 71.24 

St. Alexandrina 42 45.21 – 56.14 59.80 – 68.11 

 

It was found that using X-ray source of 48Kv, 6.5mA, with exposure time of 320mAs 

gave the best contrast images of jelly seed internal disorder in chosen mango genotypes. The 

fruits susceptible with jelly seed disorder in X ray image showed dark grey areas around the 

stone, while that of good fruit showed light grey areas in full mango image. Jelly seed incidence 

was highest in Gulab Khas Green followed by Dushehari and least incidence was in Pusa Surya. 

Hence, it can be concluded that X-ray imaging is a useful method for detecting jelly seed 

disorder in mango and this techniques can be incorporated into supply chain for better consumer 

acceptance creating security to the food for which we pay.  
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X ray image of a) good fruit, b) Jelly seed affected fruit 
 

Special advantages of this method 

 

 Most reliable in detecting the Jelly Seed disorder in mango fruits. 

 This techniques is comparatively cheaper than other non-destructive techniques.  

 It is easy to work with the X-ray machine. 

 Interpretation of the data in the form of images is more accurate. 

 It can be integrated with sorting system in supply chain of mango. 

 Value of the product will be higher as 100 % surety is assured on quality.    

 

a b 
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