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Abstract The king of fruits “Mango” (Mangifera indica 

L.) is very nutritious and rich in carotenes. India produces 

about 50% of the total world’s mango. Many researchers 

have reported the maturity indices and quality parameters 

for determination of harvesting time and eating quality. 

The methods currently used for determination of quality

of mango are mostly based on the biochemical analysis, 

which leads to destruction of the fruits. Numerous works are 

being carried out to explore some non-destructive methods 

such as Near Infrared (NIR), Nuclear Magnetic Resonance 

(NMR), X-ray and Computed Tomography (CT), electronic 

nose, machine vision and ultrasound for quality determi-

nation of fruits. This paper deals with some recent work 

reported on quality parameters, harvesting and post-harvest 

treatments in relation to quality of mango fruits and reviews 

on some of the potential non-destructive techniques that can 

be explored for quality determination of mango cultivars. 

Keywords Mango . Maturity indices . Physical proper-

ties . Biochemical properties 

Introduction

Mango (Mangifera indica L.) is the most important fruit 

of India. The ancient records mention the cultivation of 

mango in Indian subcontinent for well over 4000 years. 

One can also fi nd in the mentions of travellers beginning 

from Hiun Tsang (632–645 AD) who was the fi rst foreigner 

to bring mango to the notice of world outside India (Bose 

and Mitra 2001). Ibn Haukal (902–908 AD) and Ibn Batuta 

(1325–1349 AD) have written about the delicious fruit. 

Amir Khusrau, the great sufi  poet, praised the mango fruit 

during the time of Mohammed Tughlaq. The greatest tribute 

to this fruit was paid by Emperor Akbar who established 

the Lakh Bagh (a mango orchard having 100,000 plants) in 

Darbhanga (Bihar) when large orchards of fruit trees were 

unknown. Abul Fazl in Ain-I-Akbari has mentioned in detail 

the cultivars, cultivation and quality of mangoes (Bose and 

Mitra 2001). 

There has been a growing demand for traditional variet-

ies of mango in Western markets. However, mangoes are 

yet to realize their maximum potential as an export oriented 

commodity due to their localized production and potential 

markets located across the globe.  There are more than 

thousand mango varieties in India. However, only about 30 

varieties are grown on commercial scale in different states. 

Important mango varieties cultivated in different states of 

India are presented in Table 1. Post-harvest loss of mango in 

India has been estimated to be 25–40% from harvesting to 

consumption (Rekha and Goswami 2007), mainly because 

of lack of improved technology and instrumentation for 

getting right information for harvesting during ripening and 

transportation. Restricted import particularly to developed 

countries is mainly because of their quarantine needs and 

lack of instruments and techniques to meet their require-

ment. Stone weevil, fruit fl y, spongy tissue etc are internal 

defects in some varieties of mangoes, which need to be de-

tected before making consignment for export. 

The quality parameters such as size, shape, colour, total 

soluble solids (TSS), acidity, pH, physiological weight, 

juice, pulp and moisture content are important for the table 

purpose and value addition. The objective of this paper is 

to review the recent work reported on quality parameters 

of mango, effect of harvesting and post-harvest treatments 

in relation to quality of mango and to explore the potential 

of available non-destructive techniques for determination 

of maturity, physical, biochemical, viscoelastic and rheo-

logical quality parameters and internal disorders in mango 

fruits.
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Quality parameters of mango

The quality of a fruit which is free from internal and exter-

nal disorders is judged by various parameters such as size, 

shape, weight, colour, specifi c gravity, acidity, pH, TSS, 

carotenoids, vitamins and other trace elements and volatile 

compounds responsible for their aroma. Viscoelastic, rheo-

logical properties and TSS of mango are important from 

processing point of view. 

Quality parameters of mango change almost daily and 

consumer cannot measure them during purchase. It is 

therefore essential that all the major quality parameters be 

correlated in such a manner that size, shape, colour or aroma 

should reveal the overall quality of fruit. The major changes 

in biochemical parameters that occur during ripening of 

mango fruits are increase in TSS, pH, sugar to acid ratio, and 

carotenoids; whereas acidity, starch, and vitamin C decrease 

(Tandon and Kalra 1986, Gowda and Huddar 2001, Ueda et 

al. 2001). Application of coatings can retard water loss and 

drop the sensory attributes, increase the soluble solid con-

tent, titrable acidity and ascorbic acid content in mango (Po-

Jung Chien et al. 2007). Irradiated mangoes show no major 

changes in carotenoid HPLC profi les but indicated a delay 

in ripening compared to non-irradiated fruits. However, ir-

radiation dose greater than or equal to 1.5 kGy induced fl esh 

pitting due to localized tissue death (Reyes and Cisneros-

Zevallos 2007) which may not be liked by the consumer.

Many researchers have worked in the fi eld of identifi -

cation of constituents of various cultivars of mango. The 

composition of fruit generally varies with the cultivar. The 

unripe green mangoes have nearly 90% moisture, 8.8% 

carbohydrate, 0.7 % protein, 0.1% fat, 0.02% P, 0.01% Ca, 

4.5 mg/100 g Fe, 6.3–20.2 mg/100 g carotene as vitamin A, 

30 mg /100 g ribofl avin and 3 mg/100 g ascorbic acid (Bose 

and Mitra 2001), while constituents of ripe mangoes vary 

distinctly (Table 2). Supriya et al. (2007) studied the β-car-

otene content and its bio-accessibility in six locally avail-

able varieties of mango ‘Badami’, ‘Raspuri’, ‘Mallika’, 

‘Malgoa’, ‘Totapuri’ and ‘Neelam’. β-Carotene content 

in ripe mangoes ranged from 0.55 ± 0.03 mg/100 g in the 

‘Malgoa’ variety to 3.21 mg/100 g in the ‘Badami’ variety. 

The amount of bioaccessible β-Carotene was highest in the 

‘Mallika’ variety (0.89 mg/100 g), followed by ‘Badami’ 

(0.79 mg/100 g). Addition of milk generally brought about 

a signifi cant increase in the bioaccessibility of β-Carotene 

from mangoes, the increase ranging from 12 to 56%. 

The enzymes of mango, such as magneferin, katechol 

oxidase and lactase, clean the bowel of the “fi lth” within 

and are ideal antidotes for all toxic effects inside the body. 

They provide suffi cient resistance to fi ght any germs and 

affl ictions. Mango is an excellent natural source for pro-

vitamin A. Total 145 volatile compounds, including 8 novel 

compounds were observed in 9 cultivars of Colombian 

mangoes (Quijano et al. 2007). Terpenoids are the major 

aroma compounds present in all varieties, with differences 

in dominant compounds in some varieties. Delta-3-Carene 

was the major terpene in varieties ‘Haden’, ‘Manila’, ‘Ir-

win’ and ‘Tommy Atkins’, alpha-pinene predominated in 

Table 1 Major varieties of mangoes grown in different States of India

State Varieties grown

Andhra Pradesh ‘Allumpur Baneshan’, ‘Banganapalli’, ‘Bangalora’, ‘Cherukurasam’, ‘Himayuddin’, ‘Suvernarekha’, ‘Neelum’, 

‘Totapuri’

Bihar ‘Bathua’, ‘Bombai’, ‘Himsagar’, ‘Kishen Bhog’, ‘Sukul’, ‘Gulab Khas’, ‘Zardalu’, ‘Maldah/Langra’, ‘Chausa’, 

‘Dashehri’, ‘Fazli’, ‘Kalkatia’

Goa ‘Fernandin’, ‘Mankurad’

Gujarat ‘Alphonso’, ‘Kesar’, ‘Rajapuri’, ‘Vanraj’, ‘Jamadar’, ‘Totapuri’, ‘Neelum’, ‘Dashehri’, ‘Langra’

Haryana ‘Dashehri’, ‘Langra’, ‘Sarauli’, ‘Chausa’, ‘Fazl’

Himachal Pradesh ‘Chausa’, ‘Dashehri’, ‘Langra’

Jharkhand ‘Jardalu’, ‘Amrapalli’, ‘Mallika’, ‘Bombai’, ‘Langra’, ‘Himsagar’, ‘Chausa’, ‘Gulabkhas’

Karnataka ‘Alphonso’, ‘Bangalora’, ‘Mulgoa’, ‘Neelum’, ‘Pairi’, ‘Baganapalli’, ‘Totapuri’

Kerala ‘Mundappa’, ‘Olour’, ‘Pairi’

Madhya Pradesh ‘Alphonso’, ‘Bombay Green’, ‘Langra’, ‘Sunderja’, ‘Dashehr’, ‘Fazli’, ‘Neelum’, ‘Amrapalli’, ‘Mallika’

Maharashtra ‘Alphonso’, ‘Mankurad’, ‘Mulgoa’, ‘Pairi’, ‘Rajapuri’, ‘Kesar’, ‘Gulabi’, ‘Vanraj’

Orissa ‘Baneshan, ‘Langra, ‘Neelum, ‘Suvarnarekha, ‘Amrapalli, ‘Mallika

Punjab ‘Dashehri’, ‘Langra’, ‘Chausa’, ‘Malda’

Rajasthan ‘Bombay Green’, ‘Chausa’, ‘Dashehri’, ‘Langra’

Tamil Nadu ‘Banganapalli’, ‘Bangalora’, ‘Neelum’, ‘Rumani’, ‘Mulgoa’, ‘Alphonso, ‘Totapuri’

Uttar Pradesh ‘Bombay Green’, ‘Dashehri’, ‘Langra’, ‘Safeda Lucknow’, ‘Chausa’, ‘Fazli’

West Bengal ‘Bombai’, ‘Himsagar’, ‘Kishen Bhog’, ‘Langra’, ‘Fazli’, ‘Gulabkhas’, ‘Amrapalli’, ‘Mallika’

Source: Anon (2006)
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varieties ‘Hilacha’ and ‘Vallenato’, terpinolene and alpha-

phellandrene predominated in variety ‘Yulima’ and ‘Van 

Dyke’, respectively, whilst the variety ‘Springfi eld’ had no 

dominant terpene. Total concentration of volatiles in man-

goes ranged from 17 to 75 mg/kg fresh wt (Quijano et al. 

2007). Schieber (2007) reviewed the classifi cation, analysis 

and functional properties of phenolic compounds, phenolic 

acids, fl avonoids, xanthones, tannins, and phenolic lipids. 

Most of the phenolic compounds were found in the seed and 

peel which are barely consumed. 

Maturity indices: There is no particular parameter for 

judgment of fruit maturity. Physical, biochemical, and 

physiological parameters are used to defi ne the maturity 

stage for harvesting of fruits (Jha and Matsuka 2002a, Jha 

et al. 2006). Useful biochemical parameters are acidity, 

soluble solids content, phenolic constituents, and carbo-

hydrate content. Physical parameters are size, shape, sur-

face colour, pit around the pedicel, lenticels and specifi c 

gravity (Ketsa et al. 1999). Physiological maturity shows 

changes in the pulp colour, breaking to yellow. Hence, it 

can be tested by slicing a fruit before harvesting. An ancient 

advice for mango harvesting says that, when fi rst fruits

begin to drop, the crop is ready for picking. At the time 

when mango is fully grown and ready for picking, the stem 

will snap easily with a slight pull. If a strong pull is neces-

sary the fruit is still fairly immature and harvesting should 

be delayed (Ram 1998).

There are number of indices such as shoulder growth 

and TSS:>7 (Kudachikar et al. 2001), acidity (Lakshmina-

rayana 1980) and specifi c gravity 1.00–1.04 (Tandon et al.

1988) which used to determine the fruit maturity at harvest. 

Another approach is to count days after fruit set (Saran-

wong et al. 2004) and it varies from variety to variety such 

as for ‘Dasheri’ and ‘Langra’ 84 days (Anon 2006) and for 

‘Chausa’ and ‘Mallika’ 105 days. Mango harvested at opti-

mum maturity develops good fl avour, aroma with uniform 

ripening (Tandon and Kalra 1986) and fi rmness but incon-

sistency in these parameters of mango varieties restricted 

its use as a criterion to predict maturity (Tandon and Kalra 

1986). A maturity index using TSS has also been used to de-

termine maturity of mango (Jha et al. 2006). TSS at 8oBrix 

and acidity of about 1% have been taken as indices for full 

maturity of some varieties of mango. 

Mango harvesting and its effect on mango quality 

Mangoes are usually harvested green. Harvesting usually 

takes place after 15–16 weeks of fruit set when they are 

physiologically mature. Late harvesting may result in un-

even ripening, and can lower sugar to acid ratio. Usually 

fruits are picked with ~10 cm stem to avoid the spurt of 

milky/resinous sap, because in some cultivars it causes sap 

burn on skin of fruit with which they come into contact. The 

fruits are then placed in fi eld crates and desapping involves 

breaking off the fruit stalk and placing stem-end-down till 

fl ow of sap stops. After desapping, the fruits are packed and 

graded according to their size and colour. To prevent fruits 

from bruising they are packed in single or double layered 

cartons, which contain protective cushioning material. 

Post-harvest treatments in relation to mango quality 

Low temperature: Highly perishable nature, susceptibil-

ity to post-harvest diseases and injuries during handling are 

major constraints, which are impeding the growth of inter-

national trade of fresh mango. Mangoes are still considered 

as a luxurious and expensive item in the markets of many 

developed countries, where mangoes are not grown on large 

scale. Mangoes are tropical fruits and are therefore sensi-

tive to chilling when stored below a critical minimum tem-

perature (Chaplin et al. 1991 Lizada 1991). If stored at low 

temperatures for prolonged time, storage could have an ef-

fect on ripening and causes chilling injuries. Recommended 

temperatures for majority of varieties are in the range of 

10–15°C and lead to storage life of 2 to 3 weeks. ‘Langra’ 

and ‘Dasheri’ however, can safely be stored at 7–8°C for 25 

days. The best ripening temperature ranges from 21–24°C, 

but at high temperature of 32°C, the ripening process is 

retarded. Other essential factors with temperature for safe 

Table 2 Biochemical composition of ripe mango 

Moisture, % 73.0–86.7

Carbohydrate, % 11.6–24.3

Protein, % 0.5–1.0

Fat, % 0.1–0.8

Fibre, % 1.1

Lipid, % 0.8–1.36

TSS, oBrix 12.0–23.0

Total sugars, % 8.7–17.9

Acidity, % 0.12–0.38

Total phenol, % 1.2–7.8

Vitamin A, μg/100g β-carotene 6375–20750

Vitamin B, mg/100g 40

Nicotinic acid, mg/100g 0.3

Ribofl avin, mg/100g 50.0

Ascorbic acid, mg/100g 6.8–38.8

N, % 0.46

P, % 0.195

K, % 0.88

Ca, % 0.412

Mg, % 0.082

S, % 0.542

Cu, ppm 24

Zn, ppm 11.5

Mn, ppm 10.0

Fe, ppm 50.0

Source: Bose and Mitra (2001)
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storage are 98–100% relative humidity (RH) and 76 or 152 

mm Hg atmospheric pressure. 

Controlled and modifi ed atmosphere: Controlled atmo-

sphere (CA) can provide an effective storage environment 

for different fruits and vegetables (Gariépy et al. 1991, 

Bender et al. 2000, Raghavan et al. 2003). Modifi ed atmo-

sphere (MA) is referred to as a relationship between product 

respiration and gas exchange within any form of structural 

enclosure. MA storage can be used to maintain the post-har-

vest quality of different fruits (Meir et al. 1996, Ding et al. 

2002, Illeperuma and Jayasuriya 2002, Rodov et al. 2002). If 

mango fruits are stored at 1% O
2
 and 15% CO

2
 level, off-fl a-

vour and skin discolouration occur. MA packaging inhibited 

the mango ripening process (Sornsrivichai et al. 1992). Film 

perforation delayed the softening and reduced the weight 

loss of mango cv. ‘Nam Doc Mai’. Market acceptability of 

fruit was found to be greater in case of ‘Tommy Atkins’ and 

‘Kent’ cultivars stored at 13°C, 76–152 mm Hg pressure and 

98–100% RH for 3 weeks as compared to the storage under 

normal pressure (Spalding and Reeder 1997).

Ionizing radiation: Irradiation includes application of 

ionizing energy such as 13 gamma rays, electrons, X-rays 

and microwaves during storage. For safe storage of fresh 

fruits and vegetables, the US Food and Drug Administra-

tion approved the use of irradiation at a dose of 100 Krad 

(USDA 1986). Percentage of decayed mango is minimized 

when they are exposed to 750 Gy or higher energy level, but 

fruit peel shows scald-like symptoms with irradiation doses 

over 500 Gy (Spalding and Von Windeguth 1988). Ripening 

process got also affected because of change in biochemical 

processes due to exposure of radiation. Gamma irradiation 

(30 Krad) caused ripening delay of 7 days in comparison to 

mango stored at room temperature (35±2°C). According to 

Spalding and Reeder (1986) combination of irradiation and 

hot water treatment (53°C) or 0.2 % hot imazalil (53°C) 

was more effective for storage.

Chemicals: Treatment effi ciency varies with infec-

tion level and storage regime. The shelf life depends on 

cultivar, injury, maturity at harvest, Ca spray, and exposure 

to ethylene (Coates et al. 1993). A dip in 4–6% CaCl
2
 can 

increase the shelf life of some cultivars (Singh et al. 1993). 

Prochloraz also provides good protection from anthracnose 

and alternaria rot in mango (Johnson and Coates 1993). 

Gibberellic acid spray prior to harvest can retard mango 

ripening at ambient temperature for up to 6 days of storage 

(Khader 1991). CaCl
2 

treatment resulted in low ethylene 

production, low respiration and reduced storage decay. 

Storage methods and post-harvest treatments to mangoes 

affect colour, ripening level, TSS, acidity and reduce the 

decay level and increase the shelf life, which in turn affect 

the market acceptability. 

Post-harvest heat disinfestation treatments

Heat treatments are used to control post-harvest diseases 

and insect pests (Couey 1989). Although heat has fungicidal 

and insecticidal action, it often has detrimental effect on the 

product quality. The fruit is heated for a specifi c period of 

time to ensure that the energy gets transferred from the heat-

ing medium, usually hot air or water to fruit. The tempera-

ture and treatment duration depend on commodity and cul-

tivars and must be precise so that it only kills pests without 

affecting the commodity. Nowadays 3 heating methods are 

commonly used for mangoes, (i) Vapour heat-treatment (ii) 

Forced hot air-treatment and (iii) Hot water-treatment. 

Vapour heat-treatment: This is a conductive way of 

heat transfer and also called as high humidity air heating. In 

this process, saturated moist air is passed across the fruits 

when the temperature of fruit is at or below the dew point; 

condensation of moisture appears on the fruit surface. The 

heat from surface of fruit is then transferred towards the 

fruit centre. It has been noted that water droplet transfers 

heat more effi ciently than air and allows faster fruit heating. 

But in this case risk of physical injury increases. Nowadays 

Japan requires mangoes from India to be treated with va-

pour heat at 46–47°C for 10 min.

In ripe fruits, vapour heat-treatment can induce internal 

breakdown of the inner mesocarp, which is characterized by 

the presence of white, starchy and tough lesions. In severe 

cases, this results in damage of the product because there is 

depletion of internal oxygen level, which gives undesirable 

fermented by-products (Esguerra and Lizada 1990).

Forced hot air-treatment: It is also called non-con-

densing air heating. Under this treatment hot air is passed 

through a bed of fruits at a specifi ed temperature, which 

leads to transfer of heat from hot air to cooler fruit via the 

skin and to the centre of fruits. In this treatment the fruit sur-

face remains dry and the RH of the passing air is 30%. This 

method has been developed in USA for mango quarantine 

treatment (Mangan and Ingle 1992). They reported that hot 

air-treated fruit whose pulp temperature is over 47°C is able 

to kill all stages of West Indian fruit fl ies. The disadvantage 

of this treatment is fruit weight loss and shrivelling which 

occurs due to low air humidity.

Hot water-treatment: Hot water is an effective heat 

transfer medium and within a short time a uniform tem-

perature profi le will be maintained (Couey 1989). The 

additional benefi t of this is that it can control post-harvest 

diseases such as anthracnose and stem end rot (McGuire 

1991). This treatment is commonly used for disinfestation 

of mango from fruit fl ies. This treatment is cheaper than 

any other heat-treatment and is also effective on commer-

cial scale in USA. Recommended temperature ranges are 

43–46°C. Above 46°C the fruit experiences excessive dam-

age. Usually a single dip procedure is used either in batch 

process or continuously for 65–90 min depending on fruit 

size and cultivar.

Physiological responses to heat-treatment: Physiolog-

ical response to heat treatment in the fruits has been sum-

marized (Jacobi et al. 2001) as below: 

              i)  Heat-treatment increases fruit heat tolerance which 

depends upon a number of factors including spe-
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cies, stage of fruit maturity, fruit size and exposure 

to different environmental factors, time, duration 

and type of application.

        ii)  When harvested fruits are transferred from ambi-

ent growth temperature to an elevated temperature, 

stress is induced and the impact depends upon 

length of exposure and temperature difference.

iii)  Heat-treatment also develops external or internal 

heat injuries in many cultivars.

  iv)  Heat-treatment can affect fruits ripening either 

inhibiting, promoting or disrupting the ripening 

process.

         v)  Heat-treatment accelerates yellowing of mango 

fruit skin and uniformity of skin colour is also ob-

served. However, in many cultivars fruit becomes 

soft due to heat-treatment. Actual mechanism 

by which heat treatment accelerated mango fruit 

ripening is not yet known but it has been hypoth-

esized that it is associated with increased synthesis 

of carotenoid, degradation of chlorophyll and 

synthesis of cell wall degrading enzymes (Jacobi 

et al. 2001). 

  vi)  Immature mangoes have lower heat tolerance com-

pared to mature ones. When immature mangoes 

get treated with vapour heat treatment at 46°C 

for 10 min internal breakdown has been noted by 

Esguerra and Lizada (1990) in the form of spongy 

white starch tissue in fruit mesocarp however, no 

external damage was noted.

vii)  If fruits and vegetables treated with hot water 

before storage at low temperatures, the treatment 

reduces the incidence of cold injuries (CI) (Mc-

Collum et al. 1993 González-Aguilar et al. 2000).

Physiological and physical disorders

During ripening, mango fruits are susceptible to several 

physical and physiological post-harvest disorders, which 

affect fruit quality. Some disorders are inherent while some 

are induced. The inherent physiological disorders include 

spongy stem-end disorder, soft nose, and spongy or soft tis-

sue. Best example of induced disorder is CI when commod-

ity is exposed to low temperature. 

Sap burn: The stem of picked mango exudes large 

quantities of latex/sap which has low pH and high oil con-

tent and has tendency to burn the fruit skin. According to 

Joel (1980) latex repels fruit fl ies. Terpinolene is the main 

ingredient responsible for skin burn and high nitrogen lev-

els in the fruit cause more severe sap-burn.

Spongy tissue: In the fl esh of ripened fruit, a desic-

cated sponge-like tissue is found which is called a spongy 

tissue (Amin 1967). The fruit fl esh remains unripe and due 

to physiological and biochemical disturbances a deposition 

of non-hydrolyzed starch occurs. Mechanical injury can 

also be responsible for spongy tissue like symptom in fruits. 

Spongy tissue in ‘Alphonso’ mango was traced near the 

seed, which is due to its recalcitrant nature, switches over to 

germination mode during fruit ripening phase and drawing 

nutrients from the mesocarp (Ravindra and Shivashankar 

2006). It has been noted that the affected fruit pulp has 

higher acidity, low pH, low ß-carotene content, sugar and 

ascorbic acid. The amylase and invertase activity is also re-

duced. In ‘Alphanso’ the incidence of spongy tissue may be 

reduced if fruits are harvested earlier and ethylene is used 

for subsequent ripening. The affected fruit has no external 

symptoms either at the time of picking or ripening. The 

affected portion is visible only after the fruit is cut. There 

is thus a need to develop some non-destructive technique 

to sort the affected fruit out from a lot to be marketed and 

exported.

Black-tip: In black-tip disorder, the distal end of fruit 

becomes yellow, and mesocarp and seed are unaffected in 

early stage, while later on the entire tip of fruit turns brown-

ish black (Ram 1989). The affected portion becomes hard 

and its growth is retarded. The fruit becomes unattractive 

and loses its quality. Sprays of sodium carbonate, sodium 

hydroxide and borax can prevent the incidence of black tip 

in mango.

Soft-nose: This disorder may be related to Ca defi -

ciency. Cultivars ‘Kent’ and ‘Ameeri’ from Canary Island 

were found more susceptible to this disorder (Galan Sauco 

et al. 1984). The fruit, which has low in Ca content, is the 

most affected one.

Chilling injury (CI): To maintain the quality of har-

vested horticultural crops, temperature is one of the most 

predominant factors. Lowering the temperature can reduce 

rate of metabolic processes of the commodity. When tropi-

cal and subtropical crops are stored at low temperatures, cer-

tain physiological disorders such as CI have been observed. 

Due to this phenomenon, storage life of product is reduced 

and leads to signifi cant degradation of quality. The primary 

cause of CI is thought to be the damage of cell membrane 

that initiates a cascade of secondary reactions. CI is a time 

and temperature dependent phenomenon. Mango fruits are 

subjected to CI when stored below 10°C. The symptoms 

include greyish scald like discoloration of skin, skin pitting, 

uneven ripening and reduction in the levels of carotenoids, 

aroma and fl avour during ripening (Thomas and Oke 1983). 

In CA storage enhanced CO
2
 accumulation alleviated CI 

symptoms while low O
2 
has no signifi cant effect (O’ Hare 

and Prasad 1993). Peroxidase, invertase and cellulase ac-

tivities in the peel of fruit increased while amylase activity 

decreased during the development of CI. Freezing injury is 

different from CI as ice crystals are formed in frozen tis-

sues. When fruits are stored below their freezing point, ice 

crystals are formed which causes cell damage. It has been 

thought initially CI damaged the cell membrane, which ini-

tiated a cascade of secondary reactions including ethylene 

production, toxic compounds accumulation, reduction in 

photosynthesis, increased respiration and cellular structural 

alteration. CI symptoms are not only due to storage of fruits 
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at low temperatures but also depend on the maturity of har-

vested fruits and duration of exposure of commodities to 

low temperatures and protective packaging of fruits while 

they are stored at low temperatures (Medlicott et al. 1990). 

Short heat-treatment at 38°C is effective in reducing CI in 

various fruits including tomato (Lurie and Klein 1991) and 

avocado (Sanxter et al. 1994, Woolf et al. 1995). Heat-treat-

ments such as hot air, hot water also reduced CI symptoms 

in mango although they failed to retard the ripening process 

(McCollum et al. 1993).

Quality parameters of ripened mangoes

Physical parameters: ‘Chausa’ variety has maximum 

fruit weight and length whereas it was lowest for ‘Dasheri’ 

(Table 3). The major changes that occur in physical param-

eters during ripening of mango are reduction in fruit weight, 

volume, length, thickness, and fi rmness (Gowda and Hud-

dar 2001). The specifi c gravity ranges from 0.99 to 1.10. 

Based on the studies on fruit weight, length, volume, diam-

eter, fi bre percentage and juice percentage using 8 mango 

cultivars, Zaied et al. (2007) showed that the ‘Langra’ pos-

seses the maximum length and weight (717 g, 180 mm, 696 

ml) followed by ‘Dabsha’ and ‘El-Kobbaneia’ (424 g, 11.73 

mm, 452 ml), while ‘El-Madam’ and ‘Khade El-Gamel’ 

were found to be the small fruits. The fi ber percentage was 

lowest in ‘Alphonso’ (2%) and highest in ‘Langra’ (6%). 

The highest fruit juice percentage is reported in ‘Langra’ 

(420%), while the ‘Hendi Meloky’ (133%) had the lowest. 

The review of literature showed that most workers recorded 

length and diameter of fruit instead of length, width and 

thickness. As the fruit has 3 distinct dimensions, it is neces-

sary to measure all 3 dimensions to have better understand-

ing of fruit size. 

Biochemical parameters: Biochemical parameters 

like others also varied with cultivar (Table 4). The TSS 

of ripe mangoes varies from 16.5 to 24.0 oBrix depending 

upon the variety. ‘Mallika’ shows maximum TSS whereas 

‘Banganpalli’ the minimum. An increase in TSS content 

was observed in all ‘Irwin’ mango fruits cultured in a plas-

tic house and stored at 7–25°C. The sucrose and fructose 

levels increased relatively in all fruits with storage (Ueda 

et al. 2001), whereas, the polysaccharides content, particu-

larly starch decreased dramatically. A study on 8 cultivars 

of mango by Zaied et al. (2007) showed that the average 

TSS was highest in ‘Langra’ (13.6°Brix) fruit followed by 

Table 3 Physical parameters of ripened mango cultivars grown in India

Varieties Weight, g Length, mm Width, mm Volume, ml Specifi c, gravity References

‘Dashehri’ 165.0 9.1 4.7 157.0 – Gowda and Ramanjaneya 1994 

‘Neelum’ 249.0 11.2 – – 1.0 Nandani and Oommen 2002 

‘Alphonso’ 216.0

299.3

231.9

7.8

10.2

9.1

6.6

7.8

7.2

225.0

–

212.6

–

1.0

1.1

Gowda and Ramanjaneya 1994

Kudachikar et al. 2003

Badhe et al. 2007 

‘Langra’ 217.0 8.7 6.0 213.0 – Gowda and Ramanjaneya 1994

‘Chausa’ 419.0 13.4 – – 1.0  Nandani and Oommen 2002 

‘Banganpalli’ 329.0

307.5

10.5

13.2

8.2

–

228.0

–

–

1.0

Gowda and Ramanjaneya 1994

Nandani and Oommen 2002

Table 4 Biochemical parameters of ripened mango cultivars grown in India

Variety TSS, oBrix Total sugars, % Acidity, % Ascorbic acid, mg/

100 g of pulp

Reference

‘Dashehri’  21.8

19.3

11.1

12.5

0.2

0.1

42.5

9.2

Gowda and Ramanjaneya 1994 

‘Neelum’ 18.0 16.4 0.3 31.0 Singh et al. 1976

‘Amarpali’ 22.8 17.2 0.1 35.0 Singh et al. 1976

‘Mallika’ 24.0 18.6 0.3 19.0 Singh et al. 1976

‘Ratna’ 23.0 16.8 0.2 25.0 Salvi 1983

‘Alphonso’ 19.0

19.0

15.8

12.3

0.3

0.4

33.5

51.4

Salvi 1983

Gowda and Ramanjaneya 1994 

‘Langra’ 17.1

19.3

10.3

13.4

0.2

0.3

131.7

136.5

Gowda and Ramanjaneya 1994

‘Chausa’ 23.0 16.7 0.1 26.5 Gowda and Ramanjaneya 1994

‘Banganpalli’ 16.5

17.8

15.2

12.0

0.4

0.2

28.9

4.2

Nandani and Oommen 2002

Gowda and Ramanjaneya 1994
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‘Alphonso’ (11.2°Brix) and lowest was in ‘Mabrouka’ (7.8 

°Brix). 

Acidity: The percent acidity (citric acid) ranged from 

0.12 to 0.41 for the cultivars (Table 4). ‘Alphonso’ cultivar 

had maximum acidity whereas ‘Amrapali’ had minimum. 

The highest titratable acidity was in ‘Dabsha’ (2%) fruit, 

but the lowest one was detected in ‘Langra’ (1.5%), ‘El-

Madam’ (1.8%) and ‘Alphonso’ (1.5%) fruits (Zaied et al. 

2007). 

Viscoelastic and rheological properties: Viscoelastic 

properties have long been recognized for studying the fruit 

maturity at harvest, ripening level, storage and transport, and 

also for the prediction of potential shelf life of marketable 

fruit (Jha and Matsuoka 2002b,c). These are also related to 

human perception of fruit texture, a major factor affecting 

consumer acceptability (Shewfelt 1999). The rheological 

properties are essential for the design and evaluation of 

food processing equipment such as pumps, heat exchang-

ers and evaporators (Dodeja et al. 1990, Jha and Matsuoka 

2002a,b,c, 2004a,b,c) for making concentrates of fruit juice, 

dried slices and powders. The power law model has been 

extensively used (Vitali and Rao 1984, Manish et al. 2007) 

to relate the shear rate with shear stress for these foods. The 

study on time-independent and time-dependent properties 

using co-axial cylinder rheometer showed that mango pulp 

is a pseudoplastic liquid with yield stress and exhibits thixo-

tropic properties. It was found that yield stress calculated 

using Casson or Bingham plastic models had markedly 

higher values than those determined by stress- strain plots. 

The time-dependent model of Weltman was more suitable 

(Bhattacharya 1999). In a study on rheological properties of 

‘Chausa’ variety, the consistency coeffi cient showed expo-

nential correlation with pulp concentration. The consistency 

coeffi cient followed the Arrhenius temperature relationship 

and the magnitude of activation energy was 8.9 to 11.8 kJ/g 

mole (Khandari et al. 2002).

Measurement of various quality parameters of mango 

The measurement of quality parameters involves the appli-

cation of various scientifi c principles such as chemical reac-

tions of different constituents and their behaviour during the 

reactions, physical principles such as refl ection, refraction, 

absorption, transmittance and scattering. The viscoelastic 

and rheological behaviour involves the measurement of 

internal resistance to fl ow. Majority of parameters presently 

are determined by wet chemistry method which destroys 

the samples and make them unfi t for consumption. Another 

method which also injures the sample either partially vis-

ible or invisible is use of mechanical methods comprising 

dynamic force-deformation, impact and sonic principle. 

Firmness of apples and other fresh fruits using these prin-

ciples have been determined (Galili et al. 1998, Ozer et al. 

1998, Stone et al. 1998, Sugiyama et al. 1998, McGlone 

et al. 1999, Zude et al. 2006, Peng and Lu 2007). These 

mechanical methods differ in the instrumentation setup and 

the properties measured and their correlation with destruc-

tive measurement techniques. Firmness measurement for 

apple fruit using this technique is still unacceptable for the 

purpose of sorting and grading (Lu 2003). Considerable re-

search therefore is being conducted worldwide to develop 

non-destructive methods to determine various quality pa-

rameters of fruits (Lee 1981). The most recent non-destruc-

tive techniques used for quality determination of fruits and 

vegetables are NMR, X-ray and computed tomography, 

NIR spectroscopy, electronic nose, machine vision, and ul-

trasound. Instruments along with their operating principles 

used for measuring quality parameters are presented in 

Table 5. Since reported work on non-destructive techniques 

for mango is scanty, some of the techniques reported for 

other fruits that can also be tried for quality assessment of 

mango are briefl y discussed hereunder.

The measurement of physical parameters such as length, 

width, thickness and weight requires equipment like vernier 

calliper and weighing machine which are accessible in all 

laboratories. Vernier callipers are generally having least 

count of 0.001 cm. As the ‘Chausa’ cultivar has maximum 

fruit weight of around 420 g (Table 3), a weighing balance 

having maximum capacity of 500 g with least count of 

0.001g is needed for mango fruit.

Determination of physico-chemical quality parameters 

using non-destructive techniques is enumerated in Table 

6. These techniques have already been applied (Diwan et 

al. 2006) for defect detection on cherries (Guyer and Yang 

2000), apples (Kim et al. 2001, 2002a,b, Kavdir and Guyer 

2002, Mehl et al. 2002, 2004, Lu 2003), citrus (Aleixos et al. 

2002), cucumbers (Cheng et al. 2004) and tomatoes (Polder 

Table 5 Instruments and their operating principle

Operating principle Instruments

Refl ection Glossiness and colour measurement, ultrasound, NIR spectroscopy

Refraction Optical density, NIR spectroscopy

Absorption X-rays, MRI, NIR spectroscopy, computed tomography

Transmittance NIR spectroscopy

Scattering NIR spectroscopy

Internal resistance Rheometers, fi rmness measurement 

Differential adsorption High performance liquid chromatography
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et al. 2002). Hunter colour values have also been correlated 

with the maturity index, defi ned as TSS of ‘Dasheri’ mango 

divided by 8 and multiplied by 100 (Jha et al. 2005). 

A method based on liquid chromatography-mass spec-

trometry (LC-MS) was developed to identify and quantify 

carotenoids and tocopherols in 7 mango cultivars grown in 

Mexico (Ornelas-Paz et al. 2007). Browning disorders in ap-

ple can be detected by X-ray imaging (Schatzki et al. 1997), 

NIR absorption spectroscopy (Upchurch et al. 1997, Choi et 

al. 2001) and magnetic resonance imaging (MRI) (Clark and 

Burmeister 1999, Gonzalez et al. 2001). The main diffi culty 

however, is that apart from NIR others are not suited to rou-

tine online use in packing situations (Clark et al. 2003).

Nuclear magnetic resonance (NMR) technique: This 

technique is often referred as MRI and involves resonant 

magnetic energy absorption by nuclei placed in an alter-

nating magnetic fi eld. The amount of energy absorbed by 

nuclei is directly proportional to the number of a particular 

nucleus in the sample such as the protons in water or oil. 

The theory of NMR is presented in detail elsewhere (Farrar 

and Becker 1971). There are many applications of NMR in 

agriculture (Rollwitz 1984). The simplest amongst them is 

the determination of moisture and oil content (Mousseri et 

al. 1974, Leung et al. 1976, Miller et al. 1980, MacMillan 

et al. 2008). Ice formation during freezing can be examined 

by MRI method as ice formation has been seen to reduce 

the spatially located MRI signal. The characteristics can be 

better controlled as MRI can serve to assess freezing times 

and the food structure during the freezing process (Kerr 

et al. 1998). The secondary processing changes almost all 

characteristics of a food, such as physical and aerodynamic 

(Jha and Kachru 1998), thermal and hygroscopic properties 

(Jha and Prasad 1996, Jha 1999), which in turn change its 

key acceptability factors, i.e. sensory texture and taste. A 

device consisting of super-conducting magnet with surface 

coil and 150 mm diameter imaging coiled coupled to a 

conveyor system was reported for imaging MRI spectra of 

avocado fruits (Kim et al. 1999). These spectra were used 

to measure the oil/water ratio in avocados and this ratio is 

correlated with percent dry weight. Although MRI is being 

explored for many foods, yet no work on mango has been 

reported. This technique should be explored for dry matter 

content determination, internal bruises, fruit fl y, soft tissue, 

and maturity assessment of mango fruits. 

X-ray and computed tomography (CT): X-ray imaging 

is a well established technique to detect strongly attenuating 

materials and has been applied to a number of inspection 

applications within the agricultural and food industries. 

In particular, there are many applications within biologi-

cal sciences where we wish to detect weakly attenuating 

materials against similar background material. Qualita-

tive and quantitative X-ray evaluations have been used by 

food-scientists and agriculturists, medical scientists, nano-

particle and material physicists, chemical analysts, airport 

security for non-destructive testing (Storm 1972, Zwigge-

laar et al. 1996, Schatzki et al. 1997, Wallin and Haycock, 

1998, Barcelon et al. 1999a, b, Gibaud et al. 2001, Gashaw 

et al. 2004). The main matter/X-ray photon interactions 

that cause attenuation of X-rays passing through material 

objects take different forms, namely, photoelectric absorp-

tion, elastic (coherent/Rayleigh) scattering, and inelastic 

(incoherent/Compton) scattering. All of these interactions 

depend upon photon energy and the materials in question. 

In its imaging mode, X-ray evaluation is aimed at the detec-

tion of differences in atomic numbers of materials and/or 

the difference in density within a material, which in effect 

is the detection of differences in electron density within and 

between materials (Zwiggelaar et al. 1996).

Table 6 Non-destructive techniques and their use in quality assessment

Techniques Food material Measurable parameter Reference

NIR Wheat

Melon

Peach, Orange

Milk

Tomato juice

Kiwifruit

Protein

TSS

Sugar

Fat

Acid-Brix ratio

Dry matter 

AACC 1983

Dull and Birth 1989

Kawano 1994

Chen et al. 1999

Jha and Matsuoka 2000

Osborne and Kunnemeyer 1999

X-ray, CT Apple

Peaches

Interior region

Physiological constituents Density 

variation

Tollner et al. 1992

Barcelon et al. 1999a, b

MacFarlane et al. 2000

MRI Fruits

Food materials

Avocado 

Moisture

Ice formation during freezing

Maturity

Steinberg and Richardson 1996

Kerr et al. 1998

Chen et al. 1993

Electronic nose Orange

Melons

Pears 

Maturity Di-Natale et al. 2001a, b

Benady et al. 1995

Correa et al. 2001

Machine vision Apple

Citrus fruits

Apple  

Concavities

Differentiate the calyx and stem

Blemishes and colour 

Yang 1993

Ruiz et al. 1996

Leemans et al. 2002
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X-ray CT has been used to image interior regions of 

apples with varying moisture and to a limited extent den-

sity states (Tollner et al. 1992). Similarly, the physiologi-

cal constituents have been monitored in peaches and were 

expressed as CT number, which was used later as an index 

for measuring the changes in internal quality of fruit (Bar-

celon et al. 1999a,b). Relationships between CT number 

and physiological contents were determined and it was 

concluded that x-ray CT imaging could be an effective tool 

in the evaluation of peach internal quality. One may inves-

tigate the potential of x-ray and CT scanning for detection 

of internal defects in mangoes such as stone weevil, soft 

tissue, fruit fl y, etc. 

Near-infrared (NIR) and visual spectroscopy: Recently, 

NIR spectroscopy has become a useful technique for mea-

suring soluble solids content (SSC), fruit fi rmness, acidity 

etc (Peng and Lu 2008). Lu (2003) developed a technique 

for estimating fruit fi rmness based on analyzing scattering 

images from fruit at multiple wavelengths in the visible and 

NIR region. Radial scattering profi les were extracted and 

analysed using neural network prediction model, which 

gave good fi rmness prediction for apple (Jayas et al. 2000). 

They further proposed a Lorentzian distribution (LD) func-

tion with three parameters to characterize the multispectral 

scattering profi les of apple fruit. In analyzing hyperspectral 

scattering images for peach fruit, utilized a two-parameter 

LD function for prediction of peach fruit fi rmness. 

The use of NIR spectroscopy as a rapid and often non-de-

structive technique for measuring the composition of biologi-

cal materials has been demonstrated for many commodities. 

An offi cial method to determine the protein content of wheat 

was established long ago (AACC 1983). In Japan, NIR as a 

non-destructive method for quality evaluation was started for 

determination of sugar content in intact peaches, ‘Satsuma’ 

orange and similar other soluble solids (Kawano 1994). 

Now various NIR spectrometers are available and are 

being used commercially. Some modifi cations in these 

spectrometers, especially for holding the intact samples, are 

reported (Kawano et al. 1992, 1993). In the same sample 

holder a test tube for holding liquid foods such as milk was 

also used to estimate fat content (Chen et al. 1999). Jha et 

al. (2006a) have identifi ed the quality parameters of mango 

to be used for their determination using visual and/or NIR 

spectroscopy. Using visual spectroscopy and colour model-

ling, they have predicted sweetness, fi rmness, yellowness 

index and acidity of ‘Dasheri’ mango non-destructively 

(Jha et al. 2005, 2006a, 2007) with reasonable amount of 

accuracy. Eating quality of some ripe mangoes has also 

been determined in Japan with good accuracy (multiple 

correlation coeffi cient 0.92) (Saranwong et al. 2004). Nu-

merous works for quality evaluation of other food materials 

using NIR spectroscopy have been reported but are beyond 

the scope of this paper (Jha and Matsuoka 2000, 2004a).

Electronic nose (EN): Recent technological develop-

ments in chemosensory technology have enabled research-

ers to develop a class of instruments known as ENs, which 

generate a unique digital image for each complex vapour 

mixture. EN system is a sensor-based technology, which 

considers the total headspace volatiles and creates a unique 

smell print. Unlike gas chromatography, EN does not re-

solve the samples volatiles into its individual components, 

but responds to the whole set of volatiles in a unique digital 

pattern. These patterns are signature of particular set of aro-

matic compounds. For each process or application of inter-

est, a database of such digitized patterns is created, called 

the training set. When an unknown sample is exposed to 

EN sensors, the EN fi rst digitizes the samples volatiles and 

then compares it with the existing training set. Currently, 

EN technology is being investigated to study its applicabil-

ity to a wide variety of problems including the evaluation 

of apple maturity (Young et al. 1999, Saevels et al. 2003) 

and tea taster. Young et al. (1999) demonstrated that EN 

technology using metal oxide sensors could be used as 

a potential maturity indicator to predict the harvest date 

for ‘Royal Gala’ apples. However, the sensors used were 

sensitive to moisture and were also associated with sensor 

drift and they performed their experiments on apple tissue 

(destructive methods). Saevels et al. (2003) demonstrated 

that EN with quartz microbalance sensors could be used 

to evaluate the optimal harvest date for ‘Jonagold’ and 

‘Breaburn’ apples. Commercially available ENs use an ar-

ray of sensors combined with pattern recognition software. 

There have been several reports on electronic sensing in 

environmental control, medical diagnostics and the food 

industry (Keller et al. 1995, Schaller et al. 1998, Hai and 

Wang 2006). Some authors reported positive applications 

of EN technology for discriminating different fruits’ quality 

and many experiments were performed including testing or-

ange (Di Natale et al. 2001a), melons (Benady et al. 1995), 

blueberries (Simon et al. 1996), pears (Oshita et al. 2000, 

Correa et al. 2001), peaches (Molto et al. 1999, Brezmes 

et al. 2000, Di-Natale et al. 2001b), bananas (Llobet et al. 

1999), apples (Hines et al. 1999, Brezmes et al. 2000, 2001, 

Saevels et al. 2003) and nectarines (Di-Natale et al. 2001b). 

These studies showed that EN has greater potential for non-

destructive quality evaluation of mangoes, which emanate 

different strong aromatic compounds at different stages of 

maturity and ripening.

Machine vision: Size, which is the fi rst parameter 

identifi ed with quality, has been estimated using machine 

vision by measuring either area (Tao et al. 1990, Varghese 

et al. 1991), perimeter (Sarkar and Wolfe 1985) or diameter 

(Brodie et al. 1994). Colour is also an important quality 

factor that has been widely studied (Singh et al. 1992, Do-

brzanski and Rybczynski 2002, Hahn 2002). Some fruits 

have single colour uniformity distributed on the skin sur-

face, which we call primary colour. The averaged surface 

colour is a good quality indicator for these fruits. However, 

other fruits (peaches, apples and tomatoes) have a second-

ary colour that can be used as a good indicator of maturity. 
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In this case, it is not possible to rely only on the global co-

lour as a quality parameter. In oranges, peaches and apples 

there is an interest in detecting long stems in order to avoid 

damage to other fruit or because their absence could imply 

a quality loss. Several solutions have been proposed to de-

termine position of the stem, such as the use of structured 

lighting to detect concavities in apples (Yang, 1993) colour 

segmentation techniques to differentiate calyx and stem in 

citrus fruits (Ruiz et al. 1996) or study of light refl ection in 

apples (Penman 2002). Sometimes, stem can be confused 

with defects or blemishes on the skin. Damage and bruise 

detection is a crucial factor for quality evaluation. One of 

the fi rst approaches for bruise detection in apples was based 

on the use of interferential fi lters (Rehkugler and Throop 

1986). Other studies treated blemishes together with co-

lour estimation (Miller and Delwiche 1989, Leemans et al. 

2002). More recent techniques combine infrared and vis-

ible information to detect blemishes (Aleixos et al. 2002) 

or use hyperspectral imaging. The use of machine vision 

was mostly reported for apple and other fruits, therefore its 

use for quality assessment of mango need to be studied for 

development of online quality detection systems. 

Ultrasound: There has been interest of late in using ul-

trasound to investigate factors such as physical change and 

contamination in food products (Javanaud 1998, Zhao et al. 

2003, Bamberger and Greenwood 2004). One reason for this 

is that changes in acoustic properties can be related to density 

changes in the food product (McClements 1995, Gan et al. 

2001). Ultrasound has the ability to differentiate between both 

propagation of velocity within various media and differences 

in acoustic impedance between different regions within a 

given volume (Gan et al. 2002). Thus, using the usual contact 

or immersion techniques, ultrasound can be used to measure 

the moisture content of food products (Steele 1974) and for 

liquid level measurement. However, to date these techniques 

require a coupling medium between the test sample and the 

transducer surface. The use of a couplant such as water may 

not always be suitable for certain inspection situations, es-

pecially when the material property might change, or where 

contamination or damage would result. For these reasons, 

X-rays have been widely used to detect anomalies or foreign 

objects present in food (Dearden 1996, Penman 1996) usually 

through-transmission. Other techniques such as MRI can be 

used to study the temperature distribution in food samples 

(Nott et al. 2000), although this is an expensive and com-

plicated method already discussed. In the past, researchers 

have successfully applied the non-contact ultrasonic system 

to measure and image the properties of food in the food con-

tainers thus this technology may be explored for detection of 

internal defects in mango such as spongy tissue, stone weevil 

and fruit fl y which changes the density of the fruits. 

Summary

Mango fruits are rich source of carotenes, ascorbic acid 

and have very good medicinal value. The physical and 

biochemical quality parameters of mango fruit vary with 

the cultivar. The changes that occur during growth and 

ripening are TSS, acidity, size and colour of fruit. There are 

various methods of maturity judgement but most prevalent 

ones are related to days after fruits set, TSS and acidity of 

fruit. Currently used wet chemistry methods are destruc-

tive in nature that make the sample unfi t for consumption. 

The non-destructive methods thus are being explored for 

their use as a tool for determination of quality parameters 

of various fruits. A very few are reported in literature. The 

non-destructive methods, though indirect in nature could, 

prove economic and time saving. Techniques such as MRI, 

X-ray and CT, NIR, ultrasound, machine vision, and EN 

have great potential for use as quality assessment of mango. 

There is a need for a concerted effort by various research in-

stitutes and business houses together for accelerated devel-

opment of non-destructive methods for quality evaluation 

of major fruits of India in general, and mango in particular, 

for having major share in the world market.

Acknowledgement This work was supported by the 

National Agricultural Innovation Project, Indian Council 

of Agricultural Research through its subproject entitled 

“Development of non-destructive system for evaluation 

of microbial and physic-chemical quality parameters of 

mango” (C1030). 

References

AACC (1983) Approved methods of American Association of 

Cereal Chemists. 8th edn, St Paul, Minn 

Aleixos N, Blasco J, Navarron F, Molto E (2002) Multispectral in-

spection of citrus in real-time using machine vision and digital 

signal processors. Comp and Electr Agric 33(2):121–137

Amin HD (1967) Development of white corky tissue in a mango 

fruit (Mangifera indica). Navsari Agric College Magazine 5: 

14–17

Anon (2006) Commodity bulletin on fruits. National Horticultural 

Board. India. www.hortibizindia.org (Accessed on 18 June 

2008)

Badhe VT, Singh P, Powar AG, Bhatt YC (2007) Studies on physi-

cal properties of ‘Aplhonso’ mango. Agric Eng Today 31(1): 

20–24 

Bamberger JA, Greenwood MS (2004) Non-invasive characteriza-

tion of fl uid foodstuffs based on ultrasonic measurements. Food 

Res Int 37:621–625

Barcelon EG, Tojo S, Watanabe K 1999a. X-ray computed tomog-

raphy for internal quality evaluation of peaches. J Agric Eng 

Res 73:323–330

Barcelon EG, Tojo S, Wantanabe K 1999b. X-ray CT imaging and 

quality detection of peach at different physiological maturity. 

Trans ASAE 42(2):435–441

Benady M, Simon JE, Charles DJ, Miles GE (1995) Fruit ripeness 

determination by electronic sensing of aromatic volatiles. Trans 

ASAE 38:251–257

Bender RJ, Brecht JK, Sargent SA, Huber DJ (2000) Low tem-

perature controlled atmosphere storage for tree-ripe mangoes 

(Mangifera indica L). Acta Hort 509:447–458



J Food Sci Technol (January–February 2010) 47(1):1–14 11

 

123

Bhattacharya S (1999) Yield stress and time-dependent rheologi-

cal properties of mango pulp. J Food Sci 64:1029–1033

Bose TK, Mitra SK (2001) Fruits: Tropical and subtropical. Vol 1, 

Naya Udyog Calcutta, India

Brezmes J, Llobet E, Vilanova X, Orts J, Saiz G, Correig X (2001) 

Correlation between electronic nose signals and fruit quality 

indicators on shelf-life measurements with pinklady apples. 

Sens Actuators B 80:41–50

Brezmes J, Llobet E, Vilanova X, Saiz G, Correig X (2000) Fruit 

ripeness monitoring using an electronic nose. Sens Actuators 

B 69:223–229

Brodie JR, Hansen AC, Reid JF (1994) Size assessment of stacked 

logs via the Hough Transform. Trans ASAE 37(1):303–310

Chaplin GR, Cole SP, Landrin M, Nuevo PA, Lam PF, Graham D 

(1991) Chilling injury and storage of mango (Mangifera indica 

L) held under low temperature. Acta Hort 291:461–471

Chen JY, Iyo C, Kawano S (1999) Development of calibration 

with sample cell compensation for determining the fat content 

of un-homogenized raw milk by simple near infrared transmit-

tance method. J Near Infrared Spectr 7:265–273

Chen P, McCarthy MJ, Kauten E, Sarig Y, Han S (1993) Maturity 

evaluatioin of avocados by NMR methods. J Agric Eng Res 55:

177–187

Cheng X, Chen YR, Tao Y, Wang CY, Kim MS, Lefcourt AM 

(2004) A novel integrated PCA and FLD method on hyper-

spectral image feature extraction for cucumber chilling damage 

inspection. Trans ASAE 47 (4):1313–1320

Choi ST, Lee CS, Chung DS, Jung HK, Chang KS (2001) Non-

destructive evaluation of internal browning in ‘Fuji’ apples. J 

Korean Soc Hort Sci 42:83–86

Clark CJ, Burmeister DM (1999) Magnetic resonance imaging of 

browning development in ‘Braeburn’ apple during controlled-

atmosphere storage under high CO
2
. Hort Sci 34:915–919

Clark CJ, McGlone VA, Jordan RB (2003) Detection of Brown-

heart in ‘Braeburn’ apple by transmission NIR spectroscopy. 

Postharvest Biol Technol 28:87–96

Coates LM, Johnson GI, Cooke AW (1993) Postharvest disease 

control in mangoes using high humidity hot air and fungicide 

treatments. Ann Appl Bio 123:441–448

Correa E, Barreiro P, Ruiz-Altisent M, Lopez ML, Miro J, Graeli J 

(2001) An aroma sensor for assessing peach quality. In: Proc 6th 

Int Symp Fruits, Nuts, and Vegetables Production Engineering, 

Potsdam, Germany, 11–14 Sept, p 162

Couey HM (1989) Heat treatment for control of postharvest dis-

eases and insect pests of fruits. Hort Sci 24(2):198–202

Dearden R (1996) Automatic X-ray inspection for the food indus-

try. Electrotechnol 7:8–10

Di-Natale C, Macagnano A, Martinelli E, Paolesse R, Proietti E, 

D’Amico A (2001a) The evaluation of quality of post-harvest 

orange and apples by means of an electronic nose. Sens Actua-

tors B 78:26–31

Di-Natale C, Macagnano A, Martinelli E, Proietti E, Paolesse R, 

Castellari L, Campani S, D’Amico A (2001b) Electronic nose 

based investigation of the sensorial properties of peach and 

nectarines. Sens Actuators B 77:561–566

Ding CK, Chachin K, Ueda Y, Imahori Y, Wang CY (2002) Modi-

fi ed atmosphere packaging maintains postharvest quality of 

loquat fruit. Postharvest Biol Technol 24 (3):341–348

Diwan A, Daniel E, Guyer BS (2006) Integrating multispectral 

refl ectance and fl uorescence imaging for defect detection on 

apples. Comp and Electr Agric 50:148–161

Dobrzanski B, Rybczynski R (2002) Colour change of apple as a 

result of storage, shelf-life, and bruising. Int Agrophysics 16: 

261–268

Dodeja AK, Sharma SC, Abichandani H (1990) Heat transfer 

during evaporation of milk to high solids in thin fi lm scrapped 

surface heat exchanger. J Food Proc Eng 12:211–225

Dull GG, Birth GS (1989) Nondestructive evaluation of fruit qual-

ity: use of near-infrared spectrophotometery to measure soluble 

solids in intact honeydew melons. Hort Sci 24:754–758

Esguerra EB, Lizada MCC (1990) The postharvest behavior and 

quality of Carabao’ mangoes subjected to vapor heat treatment. 

ASEAN Food J 5:6–11

Farrar TC, Becker ED (1971) Pulse and fourier transformation 

NMR: Introduction to theory and methods. Academic Press, 

NY

Galan Sauco V, Galvan DF, Calvo R (1984) Incidence of soft nose 

on mangoes in the Canary Island. Proc Florida State Hort Soc 

97:358–360

Galili N, Shmulevich I, Benichou N (1998) Acoustic testing of 

avocado for fruit ripeness evaluation. Trans ASAE 41(1):

399–407

Gan TH, Hutchins DA, Billson DR (2002) Preliminary studies of 

a novel air-coupled ultrasonic inspection system for food con-

tainers. J Food Eng 53:315–323

Gan TH, Hutchins DA, Billson DR, Schindel DW (2001) The 

use of broadband acoustic transducers and pulse compression 

techniques for air-coupled ultrasonic imaging. Ultrasonics 39: 

181–194

Gariépy Y, Raghavan GSV, Castaigne F, Arul J, Willemot C (1991) 

Precooling and modifi ed atmosphere storage of green aspara-

gus. J Food Process and Preserv 15:215–224

Gashaw A, Nicholas M, Holden PM, Grace SMW (2004)

Detection of glass contamination in horticultural peat with 

dual-energy X-ray absorptiometry (DXA). Comp Electr Agric 

42:1–17

Gibaud A, Hazra S, Sella C, Laffez P, De-Sert A, Naudon A, Van 

Tendeloo G (2001) Particle layering in the ceramic-metal thin 

fi lm Pt–Al2O3. Physical Review B 63:19–34

Gonzalez JJ, Valle RC, Bobroff S, Biasi WV, Mitcham EJ, Mc-

Carthy MJ (2001) Detection and monitoring of internal brown-

ing development in ‘Fuji’ apples using MRI. Postharvest Biol 

Technol 22:179–188

González-Aguilar GA, Fortiz J, Cruz R, B’aez R, Wang CY 

(2000) Methyl jasmonate reduces chilling injury and maintains 

postharvest quality of mango fruit. J Agric Food Chem 48: 

515–519

Gowda IND, Huddar AG (2001) Studies on ripening changes in 

mango (Mangifera indica L) fruits. J Food Technol 38 (2): 

135–137

Gowda IND, Ramanjaneya KH (1994) Studies on physico-chemi-

cal characteristics of some commercial cultivars of mango. 

Indian Food Packer 50(2):45–49

Guyer D, Yang X (2000) Use of genetic artifi cial neural networks 

and spectral imaging for defect detection on cherries. Comput 

Electr Agric 29 (3):179–194

Hahn F (2002) Multispectral prediction of unripe tomatoes. Bio-

sys Eng 81(2):147–155

Hai Z, Wang J (2006) Detection of adulteration in camellia seed 

oil and sesame oil using an electronic nose. Eur J Lipid Sci 

Technol 108 (2):116–124



12 J Food Sci Technol (January–February 2010) 47(1):1–14

123

Hines EL, Llobet E, Gardner JW (1999) Neural network based 

electronic nose for apple ripeness determination. Electr Lett 

35:821–823

Illeperuma CK, Jayasuriya P (2002) Prolonged storage of ‘Ka-

ruthacolomban’ mango by modifi ed atmosphere packaging at 

low temperature. J Hort Sci Biotech 77 (2):153–157

Jacobi KE, MacRae EA, Hetherington S (2001) Postharvest heat 

disinfestations treatments of mango fruit (Review). Scientia 

Hort 89:171–193

Javanaud C (1998) Applications of ultrasound to food systems. 

Ultrasonics 26:117–123

Jayas DS, Pallwal J, Visen NS (2000) Multi layer neural networks 

for image analysis of agricultural products. J Agric Eng Res 

76:77–87

Jha SN (1999) Physical and hygroscopic properties of makhana. J 

Agric Eng Res 72:145–150

Jha SN, Chopra S, Kingsly ARP (2005) Determination of sweet-

ness of intact mango using visual spectral analysis. Biosys Eng 

91(2):157–161

Jha SN, Chopra S, Kingsly ARP (2007) Modeling of color values 

for nondestructive evaluation of maturity of mango. J Food Eng 

78(1):22–26

Jha SN, Kachru RP (1998) Physical and aerodynamic properties of 

makhana. J Food Process Eng 79:301–306

Jha SN, Kingsly ARP, Chopra S (2006) Physical and mechanical 

properties of mango during growth and storage for determina-

tion of maturity. J Food Eng 72(1):73–76

Jha SN, Kingsly ARP, Chopra S (2006a) Nondestructive deter-

mination of fi rmness and yellowness of mango during growth 

and storage using visual spectroscopy. Biosys Eng 94(3):

397–402

Jha SN, Matsuoka T (2000) Non-destructive techniques for quality 

evaluation of intact fruits and vegetables – Review. Food Sci 

Technol Res 6(4):248–251

Jha SN, Matsuoka T (2002a) Development of freshness index of 

eggplant. Appl Eng Agric ASAE 18 (5):57–60

Jha SN, Matsuoka T (2002b) Surface gloss and weight of eggplant 

during storage. Biosys Eng 81(4):407–412

Jha SN, Matsuoka T (2002c) Surface stiffness and density of egg-

plant during storage. J Food Eng 54:23–26

Jha SN, Matsuoka T (2004a) Changes in electrical resistance of 

eggplant (Solanum melongena L) with gloss, weight and stor-

age period. Biosys Eng 87(1):119–123

Jha SN, Matsuoka T (2004b) Detection of adulterants in milk

using near infrared spectroscopy. J Food Sc Technol 41:

313–316

Jha SN, Matsuoka T (2004c) Nondestructive determination of acid 

Brix ratio (ABR) of tomato juice using near infrared (NIR) 

spectroscopy. Int J Food Sci Technol 39(4):425–430

Jha SN, Prasad S (1996) Determination of processing conditions 

of gorgon nut (Euryale ferox). J Agric Eng Res 63:103–112

Joel DM (1980) Resin ducts in the mango fruits; a defense system. 

J Exp Botany 31:1707–1718

Johnson GI, Coates LM (1993) Postharvest diseases of mango. 

Postharvest News and Info 4:27N–34N

Kavdir I, Guyer DE (2002) Apple sorting using artifi cial neural 

networks and spectral imaging. Trans ASAE 45 (6):1995–

2005

Kawano S (1994) Non-destructive near-infrared quality evalua-

tion of fruits and vegetables in Japan. NIR News 5:10–12

Kawano S, Fujiwara T, Iwamoto MC (1993) Nondestructive de-

termionation of sugar content in Satsuma mandarin using NIR 

transmittance. J Japan Soc Hort Sci 62:465–470

Kawano S, Watanabe H, Iwamoto MC (1992) Determination of 

sugar content in intact peaches by near infrared spectroscopy 

with fi bre optics in interactance mode. J Japan Soc Hort Sci 

61:445–451

Keller PE, Kangas LJ, Liden LH, Hashem S, Kouzes RT (1995) 

Electronic noses and their applications. In: IEEE Technical Ap-

plications Conf (TAC’95) at Northcon’95, Portland, Oregon, 

10–12 Oct

Kerr WL, Kauten RJ, McCarthy MJ, Reid DS (1998) Monitoring 

the formation of ice during food freezing by magnetic reso-

nance sensors. J Agric Eng Res 74:293–301

Ketsa SS, Chidtra gooll, Klein JD, Lurie S (1999) Ethylene syn-

thesis in mango fruit following heat treatment. J Postharvest 

Biol Technol 15:65–72

Khader SESA (1991) Effect of preharvest application of GA3 on 

postharvest behaviour of mango fruits. Sci Hort 48:317–321

Khandari P, Gill BS, Sodhi NS (2002) Effects of concentration and 

temperature on the rheology of mango pulp. J Food Technol 39:

152–154

Kim MS, Chen YR, Mehl PM (2001) Hyperspectral refl ectance 

and fl uorescence imaging system for food quality and safety. 

Trans ASAE 44 (3):721–729

Kim MS, Lefcourt AM, Chao K, Chen YR, Kim I, Chan DE 

2002a. Multispectral detection of fecal contamination on 

apples based on hyperspectral imagery: Part I. Application 

of visible and near-infrared refl ectance imaging. Trans ASAE 

45(6):2027–2037

Kim MS, Lefcourt AM, Chao K, Chen YR, Kim I, Chan DE 2002b. 

Multispectral detection of fecal contamination on apples based 

on hyperspectral imagery: Part II. Application of hyperspectral 

fl uorescence imaging. Trans ASAE 45(6):2039–2047

Kim SM, Chen P, McCarthy MJ, Zion B (1999) Fruit internal 

quality evaluation using on-line nuclear magnetic resonance 

sensors. J Agric Eng Res 741:293–304

Kudachikar VB, Kulkarni SG, Aradhya SM, Parsad A, Ramana 

KVR (2003) Physico-chemical changes in mango (Mangifera 

indica L) varieties ‘Alphonso’ and ‘Raspuri’ during fruit devel-

opment and maturation. J Food Technol 40(3):285–289 

Kudachikar VB, Kulkarni SG, Keshav PMN, Vasantha MS, 

Parsad SA, Raman KVR (2001) Physico-chemical changes 

during maturity of mango (Mangifera indicia L) var. ‘Neelum’. 

J Food Sci Technol 38:540–542

Lakshminarayana S (1980) Mango. Tropical and subtropical fruits 

composition, properties and usees. Nagy S, Shaw PE (eds), AVI 

Publishing, West-Port, Connecticut, p 184–257

Lee SK (1981) A review and background of the avocado maturity 

standard. Yearbook California Avocado Soc 65:101–109

Leemans V, Magein H, Destain MF (2002) On-line fruitgrading 

according to their external quality using machine vision. Bio-

sys Eng 83(4):397–404

Leung HK, Steinberg MP, Wei LS, Nelson AI (1976) Water bind-

ing of macromolecules determined by pulsed NMR. J Food Sci 

41:297–300

Lizada MC (1991) Postharvest physiology of the mango-A review. 

Acta Hort 291:437–453

 Llobet E, Hines EL, Gardner JW, Franco S (1999) Non-destruc-

tive banana ripeness determination using a neural network-

based electronicsnose. Sci Technol 6:538–548



J Food Sci Technol (January–February 2010) 47(1):1–14 13

 

123

Lu R (2003) Detection bruises on apples using near-infrared hy-

perspectral imaging. Trans ASAE 46 (2):523–530

Lurie S, Klein J (1991) Acquisition of low temperature tolerance 

in tomatoes by exposure to high temperature stress. J Am Soc 

Hort Sci 116:1007–1012

MacFarlane NJB, Bull CR, Tillet RD, Speller RD, Royle GJ, John-

son KR (2000) The potential for Compton scattered X-rays in 

food inspection. The effect of multiple scatter and sample inho-

mogeneity. J Agric Eng Res 75:265–274

MacMillan B, Hicky H, Newling B, Ramesh M, Balcon B (2008) 

Magnetic resonance measurements of French fries to deter-

mine spatially resolved oil and water content. Food Res Int 41:

676–681

Mangan RL, Ingle SJ (1992) Forced hot-air quarantine treatment 

for mangoes infested with West Indian fruit fl y (Diptera: Teph-

ritidae). J Econ Entomol 85(5):1859–1864

Manish D, Verma RC, Jaaffrey SNA (2007) Effect of temperature 

and concentration on rheological properties of ‘Kesar’ mango 

juice. J Food Eng 80(4):1011–1015

McClements DJ (1995) Advances in the application of ultrasound 

in food analysis and processing. Trends Food Sc Technol 6: 

293–299

McCollum TG, D’Aquino S, McDonald RE (1993) Heat treatment 

inhibits mango chilling injury. Hort Sci 28:197–198

 McGlone VA, Ko SMW, Jordan RB (1999) Non-contact fruit 

fi rmness measurement by the laser air-puff method. Trans 

ASAE 45(5):1391–1397

McGuire RG (1991) Concomitant decay reduction when mangoes 

are treated with heat to control infestations of Caribbean fruit 

fl ies. Plant Disease 75:946–949

Medlicott AP, Sigrist JM, Sy O (1990) Ripening of mangoes 

following low temperature storage. J Am Soc Hort Sci 115: 

430–434

Mehl PM, Chao K, Kim M, Chen YR (2002) Detection of defects 

on selected apple cultivars using hyperspectral and multispec-

tral image analysis. Appl Eng Agric 18 (2):219–226

Mehl PM, Chen YR, Kim MS, Chan DE (2004) Development of 

hyperspectral imaging technique for detection of apple surface 

defects and contaminations. J Food Eng 61:67–81

Meir S, Philosoph-Hadas S, Lurie S, Droby S, Akerman M, Zau-

berman G, Shapiro B, Cohen E, Fuchs Y (1996) Reduction of 

chilling injury in stored avacado, grapefruit, and bell pepper by 

methyl jasmonate. Can J Bot 74:870–874

Miller BK, Delwiche MJ (1989) A color vision system for peach 

grading. Trans ASAE 34(4):1484–1490

Miller BS, Lee MS, Hughes JW, Pomernz Y (1980) Measuring 

high moisture content of cereal grains by pulsed nuclear mag-

netic resonance. Cereal Chem 57:126–129

Molto E, Selfa E, Ferriz J, Conesa E, Gutierrez A (1999) An aroma 

sensor for assessing peach quality. J Agric Eng Res 72: 311–316

Mousseri J, Steinberg MP, Nelson AI, Wei LS (1974) Bound water 

capacity of corn starch and its derivatives by NMR. J Food Sci 

39:114–116

Nandani PV, Oommen BE (2002) Quality parameters of selected 

mango cultivars. J Food Sci Technol 39:379–383

Nott KP, Hall LD, Bows JR, Hale M, Patrick ML (2000) MRI 

phase mapping of temperature distributions induced in food by 

microwave heating. Mag Reson Imag 18:69–79

O’Hare TJ, Prasad A (1993) The effect of temperature and carbon 

dioxide on chilling injury symptoms in mango. Acta Hort 343: 

244–250

Ornelas-Paz J, De J, Yahia EM, Gardea A (2007) Identifi cation and 

quantifi cation of xanthophyll esters, carotenes and tocopherols 

in the fruit of seven Mexican mango cultivars by liquid chro-

matography-APcI+-time-of-fl ight mass spectrometry. J Agric 

Food Chem 55:6628–6635

Osborne SD, Kunnemeyer R (1999) A low cost system for the 

grading of Kiwi fruit. J Near Infrared Spectr 7:9–15

Oshita S, Shima K, Haruta T, Seo Y, Kagawoe Y, Nakayama S, 

Kawana S (2000) Discrimination of odors emanating from ‘La 

France’ pear by semi-conducting polymer sensors. Comput 

Electr Agric 26:209–216

 Ozer F, Engel BA, Simon JE (1998) A multiple impact approach 

non destructive measurement of fruit fi rmness and maturity. 

Trans ASAE 41(3):871–876

Peng Y, Lu R (2007) Prediction of apple fruit fi rmness and soluble 

solids content using characteristics of multispectral scattering 

images. J Food Eng 82:142–152

Peng Y, Lu R (2008) Analysis of spatially resolved hyperspectral 

scattering images for assessing apple fruit fi rmness and soluble 

solids content Postharvest Biol Technol 48:52–62 

Penman DW (1996) Automated X-ray detection of contaminations 

in continuous food streams. Proc Int Soc Optical Eng 2908: 

160–166

Penman DW (2002) Determination of stem and calyx location on 

apples using automatic visual inspection. Comp Electr Agric 

33:7–18

Po-Jung Chien, Fuu Shen, Feng-Hsu Yang (2007) Effect of edible 

chitosan coating on quality and shelf life of sliced mango fruit. 

J Food Eng 78:225–229

Polder G, Heijden GWAM, Young IT (2002) Spectral image 

analysis for measuring ripeness of tomatoes. Trans ASAE 45 

(4):1155–1161

Quijano CE, Salamanca G, Pino JA (2007) Aroma volatile con-

stituents of Colombian varieties of mango (Mangifera indica 

L). Flav Fragr J 22(5):401–406

Raghavan GSV, Gariépy Y, Vigneault C (2003) Controlled atmo-

sphere storage. In : Encyclopedia of agricultural, food and bio-

logical engineering. Marcel Dekker, Inc., New York, p 148

Ram PS (1998) Mango cultivation. International Book Distribu-

tion Co. Lucknow, India

Ram S (1989) Factors associated with black tip and internal necro-

sis in mango and their control. Acta Hort 231:797–804

Ravindra V, Shivashankar S (2006) Spongy tissue in Alphonso 

mango II: A key evidence for the causative role of seed. Cur-

rent Sci 91 (12):1712–1714

Rehkugler GE, Throop JA (1986) Apple sorting with machine vi-

sion. Trans ASAE 29(5):1388–1397

Rekha MR, Goswami TK (2007) Post-harvest handling and stor-

age of mangoes-An overview. J Food Sci Technol 44:449–458

Reyes LF, Cisneros-Zevallos L (2007) Electron-beam ionizing 

radiation stress effects on mango fruit (Mangifera indica L) 

antioxidant constituents before and during postharvest storage. 

J Agric Food Chem 55(15):6132–6139

Rodov VB, Horev YV, Copel A, Aharoni Y, Aharoni N (2002) 

Modifi edatmosphere packaging improves keeping quality of 

Charentais -type melons. Hort Sci 37(6):950–953

Rollwitz WL (1984) Radio frequency spectroscopy: Versatile 

sensors for agriculture applications. ASAE paper nr. 84-1590, 

ASAE St. Joseph, MI 49085

Ruiz LA, Molto E, Juste F, Pla F, Valiente R (1996) Location and 

characterization of the stem–calyx area on oranges by com-

puter vision. J Agric Eng Res 64:165–172



14 J Food Sci Technol (January–February 2010) 47(1):1–14

123

Saevels S, Lammertyn J, Berna AZ, Veraverbeke EA, Di Natale 

C, Nicola BM (2003) Electronic nose as a non-destructive tool 

to evaluate the optimal harvest date of apples. Postharvest Biol 

Technol 30:3–14

Salvi PV (1983) ‘Ratna’– a new mango variety. Indian Hort 27: 

13–15

Sanxter SS, Nishijima KA, Chan HT (1994) Heat treating ‘Shar-

wil’ avocado for cold tolerance in quarantine cold treatments. 

Hort Sci 29:1166–1168

Saranwong S, Sornsrivichai J, Kawano S (2004) Prediction of 

ripe-stage eating quality of mango fruit from its harvest qual-

ity measured non-destructively by near infrared spectroscopy. 

Postharvest Biol Technol 31:137–145

Sarkar N, Wolfe RR (1985) Feature extraction techniques for

sorting tomatoes by computer vision. Trans ASAE 28(3):

970–979

Schaller E, Bosset JO, Escher F (1998) “Electronic noses” and 

their application to food: a review. Food Sci Technol Lebensm 

Wiss Technol 31:305–316

Schatzki TF, Haff RP, Young R, Can I, Le LC, Toyofuku N (1997) 

Defect detection in apples by means of X-ray imaging. Trans 

ASAE 40 (5):1407–1415

Schieber A (2007) Mango (Mangifera indica L) What a ‘func-

tional fruit’? Fruit Process 17(3):149–152

Shewfelt RL (1999) What is Quality? Postharvest Biol Technol 

15:197–200

Simon JE, Hetzroni A, Bordelon B, Miles GE, Charles DJ (1996) 

Electronic sensing of aromatic volatiles for quality sorting of 

blueberries. J Food Sci 61:967–969

Singh BP, Tandon DK, Kalra SK (1993) Changes in postharvest 

quality of mangoes affected by preharvest application of cal-

cium salts. Scientia Hort 54:211–219

Singh N, Delwiche MJ, Johnson RS, Thompson J (1992) Peach 

maturity grading with color computer vision. ASAE Paper Nr 

92–3029

Singh UR, Upadhyay NP, Tripathi BM (1976) Physiological and 

biochemical changes during maturity of mango- Neelam. Prog-

ress Hort 8:13–18

Sornsrivichai J, Gomolmanee S, Boonyakiat D, Uthaibutra J, 

Boonlong P, Gemma H (1992) Seal Packaging by plastic fi lm 

as a technique for limiting fungal decay of mangoes. Acta Hort 

296:24–32

Spalding DH, Von Windeguth DL (1988) Quality and decay of ir-

radiated mangoes. Hort Sci 23:187–189

Spalding DH, Reeder WF (1986) Decay and acceptability of 

mangoes treated with combination of hot water, imazalil and 

irradiation. Plant Diseases 70:1149–1150

Spalding DH, Reeder WF (1997) Low pressure (hypobaric stor-

age) of mangoes. J Am Soc Hort Sci 102:367–369

Steele DJ (1974) Ultrasonics to measure the moisture content of 

food products. Br J Nondestr Test 16:169–173

Steinberg MP, Richardson SJ (1996) Application of nuclear 

magnetic resonance. Paper Nr 11, Int Union Food Sci Technol 

Symp Water activity: Theory and application, June 13–14,

Dallas, TX

Stone ML, Armstrong PR, Chen DD, Brusewitz GH, Maness NO 

(1998) Peach fi rmness prediction by multiple location impulse 

testing. Trans ASAE 41(1):115–119

Storm E (1972) Calculated bremmstrahlung spectra from thick 

tungsten targets. Phys Rev A5 (6):2328–2338

Sugiyama J, Katsurai T, Hong J, Koyama H, Mikuriya K (1998) 

Melon ripeness monitoring by a portable fi rmness tester. Trans 

ASAE 41(1):121–127

Supriya V, Kalpana P, Srinivasan K (2007) Varietal differences 

in the bioaccessibility of -Carotene from mango (Mangifera 

indica) and papaya (Carica papaya) fruits. J Agric Food Chem 

55 (19):7931–7935

Tandon DK, Kalra SK (1986) Studies on developing mango fruits 

to asses maturity. Indian J Hort 43:51–55

Tandon DK, Kalra SK, Singh BP (1988) Ripening pattern of spe-

cifi c gravity graded ‘Dasheri’ mangoes. Indian J Hort 45 (2): 

219–223

Tao Y, Morrow CT, Heinemann PH, Sommer JH (1990) Auto-

mated machine vision inspection of potatoes. ASAE Paper Nr 

90–3531

Thomas P, Oke MS (1983) Improvement in quality and storage of 

“Alphonso’mango by cold adaptation. Sci Hort 19:257–267

Tollner EW, Hung YC, Upchurch BI, Prussia SE (1992) Relating 

X-ray absorption to density and water content in apples. Trans 

ASAE 35:1921–1928

Ueda M, Sasaki K, Utsunomiya N, Inaba K, Shimabayashi Y 

(2001) Effect of temperature and time on some properties during 

storage of mango fruit (Mangifera indica L. ‘Irwin’) cultured in 

plastic house. J Japan Soc Food Sci Technol 48(5): 349–355

Upchurch BL, Throop JA, Aneshansley DJ (1997) Detecting in-

ternal breakdown in apples using interactance measurements. 

Postharvest Biol Technol 10:15–19

USDA (1986) Irradiation in the production, processing and han-

dling of food. Federal Reg 51:1337–1339

Varghese Z, Morrow CT, Heinemann PH, Sommer HJ, Tao Y, Crass-

weller RM (1991) Automated inspection of Golden Delicious 

apples using colour computer vision. ASAE Paper Nr 91–7002

Vitali AA, Rao MA (1984) Flow behaviour of guava puree as a 

function of temperature and concentration. J Text Stud 13: 

275–289

 Wallin P, Haycock P (1998) Foreign body prevention, detection 

and control: A Practical Approach. Blackie Academic and Pro-

fessional, London, p 319–336

Woolf AB, Watkins CB, Bowen JH, Lay-Yee M, Maindonald JH, 

Ferguson IB (1995) Reducing external chilling injury in stored 

‘Hass’ avocados with dry heat treatments. J Am Soc Hort Sci 

120:1050–1056

Yang Q (1993) Finding stalk and calyx of apples using structured 

lighting. Comp Electr Agric 8:31–42

Young H, Rossiter K, Wang M, Miller M (1999) Characteriza-

tion of Royal Gala apple aroma using electronic nose tech-

nology-potential maturity indicator. J Agric Food Chem 47:

5173–5177

Zaied NS, Khafagy SAA, Saleh MA (2007) Evaluation of some 

mango species by fruit characters and fi ngerprint. Res J Agric 

Biol Sci 3(4):316–320

Zhao B, Basir OA, Mittal GS (2003) Detection of metal, glass and 

plastic pieces in bottled beverages using ultrasound. Food Res 

Int 36:513–521

Zude M, Herold BJ, Roger M, Bellon-Maurel V, Landahl S (2006) 

Non-destructive tests on the prediction of apple fruit fl esh fi rm-

ness and soluble solids content on tree and in shelf life. J Food 

Eng 77:254–260

 Zwiggelaar R, Bull CR, Mooney MJ (1996) X-ray simulations for 

imaging applications in the agricultural and food industries. J 

Agric Eng Res 63:161–170



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


