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devera! cbemicel methods are in vogw to stimulate ripening end surface
colour development in mangosu. Ethylene and acetylene are commonly used T
this pmpose. Acetylene prodused "om calcium carbide uleo degresns the
imaature fruits effectively but the edible quality remains pcor (2,9). Bth len
ge8 or ocompounds that release ethylene in-pity oo the other hend, ere likely
to inciease the susceptibility of fruits to misroddal infecting, more so
in fruits of lower muturity, snd therefore, artificial ripening should be
followod vith cantion (15, 18), Heat treatment using hot water goceleratos
ripening and 1s safer to use (i4, 16),

Physioleogzical Eiochemical ¢ s 4 ri

The ripening process of the fruit essentially inwolves changes in
texture leading to scftening, development of oolour and odoriferous constituenta
for consumer appeal and relsase of carben dioxide, moisture and hest,

Changes in texture leading to softening is closely related with dreskdo:m
of proto-pectis into solubls po'otuu snd conversion of starch to cugar. The
othor visible chengs i the dissppesarsnce of chlorophyll and dewelopsent of
carotencids lsading to eye appesl. Devalopment of odoriferous constituents
and volatile emanatione are other mirked changes that attract the consumer.
Garotens pressat in the fruit seexs to modify the aroma (21). Identificsticn
and gharacterisation of odorous ingredients in mango is in progress (22).
Liberation of carbon dioxide, moisture snd heat forms an index of the net
Bstabolis astivity of the fruit oulminating in respiretory olimsoteric (13).
These physiologioel and biocheaicsl changes that tale place daring ripening
of the fiuit after harvest have been studied to & 1limited extent in thie
tropioal fruit (23-25),




Chomigg] Composit.on

The main constituents of the fruit ars wuter, osrbohydretes, .. ids,
proteins, fats, minerals, pigmente, tennino, viiamips ard ethereel ovbitonces
collectively foming flavour., The frult is a idch source of carctsacide,
specially M-carotens vhish ir precureor of vitusmin A. These comatitun:%y
vary from varlety to wariety end the unripe or ripe condition of the iouli,
Ohemical composition of pesl, puip, or stone aiso differs oonsidereviyv.
Hovever, for fresh trado and processing, pulp portion s important. DPoul
and stone which are byproducte can be utilised ao caitle feeds or frr .. durtr:
purposes (7, 9-11) (Teble 11).

siorase

Mangoes taie about one o two weeks to attein edible ripe cordition
at ambient storage of 30°C ¢ 5; 80-8%i FH. However, the storage 1lifo domaric
on the stage of maturity sl harvest, varisty und storege temperature, Iriitu
of lower maturity vith a specific gravity leag vhar 1,0 ripen in 3 u»oltg &l
those vith a specific gravity more thau 1,02 take aboul a week to attain odib:
ripe stage. Refrigereted storage conditions have been recosmended {ron time
to time for several teble varieties of mmngoes (26-20)., Recent investimation:
on an intensive scale indicste that fruits stored at a temperaturs “eiow 2390
do not ripen satisfactorily even though oritical temperature for deve lopnant
of ohilling injury 1s bslow 10°C (14). BSewersl factors responsible for low
teapersture injury i» tropicel fruits hawe been oritically oxemired (20},
Controlled atacsphere (C.d.) storage is recommetided for Ksitt mangoes growa
in Floride and 4Alphopso and Paira sown dp India (31,29). However, intensivy
investigation 1s 3sseatisl before C.A. storage ie recommended op o oo aereial

scale,




Past-harvest steragoe Diseases

Post-harvest decay in mangoes varies froa 30-35% during transit,
storege and lark.ting', and is mainly caused by fungi (9, 14). Stem-end Rot,
Anthracnose, Tip Rot, Latersl Mot and Scoty Mould are the predominant types
of fungal spoilage (7,9,14). Baoterial rots are occasionally seen in some
parts of the comatry. Physiological diseases such as 'Soft Nose', 'Spongy Tissw.
end internal breakdown haw been recorded in some table varieties such as

Ruashri axd jlphopso. However, the exact causes for these ripening disorders
are not yet olsarly known (38)(Table 12).

Demgge due to weevil and fruit fly is suffieiently large during tranmsit
and storege. Unfawurable westher conditions and hail stors in moBsoon, prior

to harwast, also add considerebly to the loss during transit, storege aad
marketing of fruits,

Packaging

Vrapping of individusl fruits ia tissus peper treated with BIPMENYL
is useful in redusing decsy and damage during trensit aad storege of mangoes.
Tissue paper or oraf™ paper lining etween layers have slso been suggested
vhen fruits are packed im ventilated wooden boxes (9,11). Peddy strav or peper
shavings are wed as cushioning materials. For iatersal trade, baskets mede of
bamboo with paddy strav es ocushioning material is preferred ia viev of the
lov cost of packaging (33). Fruits vrepped in tissue paper er polyethylese and
Pecked in ventilated card-board cartoms are suggested for export purposes (15,3 )

Iranepost

Mangoss are usually transported by reed or rail for intermal trade.
Road transport is preferred over rail in view of the reduwtion in time for shipme




over longes distwices emv. aCisgient 1letiibuiion of the produce,. 4ir cooled

ventilited wigons Pivi alec boan .. gested tor loog ..sternce rail shipment

of mungocs (33). Bulx uf ths raw meteris. in the fresh form is exported to
Middle Wsat counties in cargoes ai. ambieut tenperature and a small gquantity

s airlifted to U.K. and Luropean comtries (1). The problems and prospects
Telated to air-freignting of tropicel fruits are reviewsd (35). Refrigerated
transport und cvo. temperature slorage 1s pot regomnended at present for certain
varietise cultivated 1u lodis in view of the iow temperature breskiown of sangoes
(36). However, irial skipmont of aangoes grown in Caribbean countries to Britain
sad Ganade by air and rufrieeiated nargoes has shown promise (34). Problems in
iong range trauspori of iropical frults ir the fresh form and the future so0pe
fo: large soale expansion of the world trade for these exotic fruits have been
discussed (37).

Narketdng

Mango crop is umually eold *o the pre-harvest ontractors by the growers
and 90k of the proiuse is breught to the merkst by the ocontreotors. The fruits
are sold fyou *'a oontractits to “he comnission agents and wholesale merchants,
vho in turn, dietribute the procduse to the cobsumers through shop-kespers.
However, in some places, Frv't Growers asgoclations py an important rols for
Rarketing mangoos. in some states of ludia, regulated markets also handle the

produce for further distribution, Opea awction, under-cover and negoti ation

are the comson pructices seen ir the markets for the seie of mangoes (2,9),




PROGIOSKI:  2CIUCTS

Plokles, chutceys «nd prer- - .y : > trisdtic~’ prod-ts rade fr-m
mangoes in India since apclent tiros, Canuning of ripe mungoea in the fora ~*

s liges, pulp, started in the late thirties. Hecently, a nusber of now preductn

like nectar, cerval-flaker and fyuit burs, Ziwm bteen iatrocdwed. Frogen Drudt

is gaining importence io some of the dumeloped covnirioes,

Products fros Re~w ilrngosr

Dehvizeted slicen cnd pewdep:
dried in su» ars cellad fisschurt! md ars uood as a snbstitito for temarir:

(Zsmaripdus indiova L.) %o culiuary pruparstiors. In auwstralls, reshinery
bas been developed fc. yp3sling of unripe rangoos (38). & product of hich

Raw maugo slicas of cuedling varivii o

quelity is obtained Ly blruching the prepmred slices of unripe fruit, sulphite-
tion and dehydratiza o sun-dryling (20). Blenching, howsver, makes ths product
%00 sweet, and 1- thy ab e of manhiteidon, the prodvet becomes bfown with
poor keeping quality (4C). The 2ricd gllces ere mometimes powdered although
this entails loes orf vitzrin U {5,,

Preseyvaticn of rsuzo 8liges for ~iokle ¢nd clintigy: Raw and unrips

mango slices are pisservcd with salt Jur proceering cud axport, The moti-d

comsists of addition of 15-20% ralt t> slices, drainirg the liquid forao4
therein, epd replacing it uiih fresh salt. 4n isproved othod conalsto cf
meinteaining slices ia 107 brive containing 200 ppm of 30, for pricary salting
for 20 hours ana 5% powdewcd salt with 200 ppm 30, for otorage (41). Addition
of black mustard povder ut 0.5% level or 0,1% ocdiva banzoate in 20f salt

solution is also suggestei lor storing mango oliors (42), The fibrous varioties



are ldeully sulted fe: briue curing, eince tavle or grufted warieties tend to
beoome soft and meshy Juring storarso. (0 overcoss tnis, tho clices are dried

in the sw aftar selt ovriag,

Elokles

This is an inportant indigenous product prepared from the unripe,
green mangoee. Pickler aie mede i alwort every [ndien home,
and also commerclally. Mango pinkles are olsssified as sald pickle or oil
plokle. They wre nede from pesled or w.peclsd fruit, with or without stones,
snd with different kinds an: properticas »f apices. Common salt is the main
ingredient. The oil wsod is eithar sesame or mustard. Mango piokle prepar~d
from pesled mango and mustard oll is oallad KiSSONDI. Pickles meunt for
export invuriably onniain sslt, euger, spices and vinegar. Ssweral recipaes
uwsed in India und Yekistan have been reported (43, 47).

Miorobial spoilage dus tv woulds i: common and conld be effectively
checked ly sddition of salt i spioes {44/, Bleok mustard powder at 1% level
of the slioen was fowul to be very effective in chec..ing mould growth. Salt
concentration of cver 20f is recomsenaei to prevent misrcbial epoilage in the
produwt. (45). 4 preservative smulsion prepaced from acetic scid (5 g), brown
sustard powder (16 g), orange peel oil (0.2 g), turmeric powder (2,0 g), gm
icnola (8.0 g) and water (100 g) 1s found to be sfficasious at low salt and/or
aoid level, It doas not siguificantly alter the colour, tuste or flawour of

the product (46).

Pioklss are genarelly packed 1n glass jers or sanitary canas., Salt

piokles muy be packed 1o gluvse jars ard polywthylswe ocntainers. Both lacquered

]




and plain tin ouns have bwen fcund to be satisfactory for plekles in otl,
For bulk §aok1ng, 4 gallon tins epd wooden burrels 2o used. Unless ouring
is done properly, and salt conteli aijustsd, seit p.ciles may be spoiied.
Heavy spoilage through hulging and hurating of cens is encountered due to
yoast fementation. This can bs preveuted by initially heatins, the piokle,
cooling and packing theicefter. Heut sterilisation, however, affects Lhe

texture of pickles (44).

Hango Ghutney

This 1s essentieclly a product prepared frem peeled, slised or groted,
unripe or semiripe mangoes by cooking them with sugar, salt, spices and vinegar
to a thick consistency. Haisins, currant and candisd peel are added to the
recipss. Well-krown types of mungo chutneys are Sweet Sliced, Major Orey,
Oolonel Skinner, lucimow, Bengnl, eto. 4 number of recipes have bwen
suggested for both oweet and hot chutney (48).

Both brined and fresh siioces are used for the preparation of this
produwot. Ghutney prepared from @ ure iut warips #'1-es has good -olour end
full flavour. Scme Indlan varieties like Iptapuri end Faald are ideally
suited for this purposs. Mango chutney usually contains 55-60% total soluble
solids and 1,0 to 1.,5% acidity as scetio acid (48).

Ercesssing of Ripo Mandoes

Iresalng Pregervation: The frosen frod industry has dewsloped extensively
in recent yeurs in the advancod countrios end a great deal of interest is shown

on freexing preservation of mango, although ths process 12 not used on a
0
commercial scale. Whole rangoes packed in polyethylene bage and frosen at -30C
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are good for sucking purposes after thaswing (49). Peeled mango slices are,
howewer, prefuravle for freesing in molsture and wvapour proof ocontainers

(50, 81),

Fruits of four importent table varieties (Alphonso, Pairl, Padri and
Mulgea) are esseutislly used for freesing in the forw of slices. Ripe fruite
are hand peeled, out into slices, treuted in brine snd ascorbio acid solution
to prevent discolourstion end peskad in cans with sugar syrap (40-508), and
citrioc and ascorbic scid are addei, The canned slices are frosec at -30°C,
when stored at -17.8°C, frosen silces reivein natural colour, flavour, teste

and texture ewn cfter 12 months (52).

sir-blast freesing and contact plate freesing at —40°C to -45,6%
have besn suggested for obtaining finished products of better quality (38),
Frosen mango pures from pulp of dlohonge and yairi with sdded sugar at 208
level remeins in good condition even after 12 months of storage at -17,8%,
addition of citric acid and ascorbio acid helps in the retention of ocolour

and flawvour,

Uaripe seedling aungoes peeled and grated, with addition of salt
(5031 ratio by welght) could also be frosen and preserved at -17,8°C, They
coulc be used suscessfully ror preparstion of chutney of good quality (52).

Manae Sliges An Jriug: Mangoes ars generally camned as slices, cheeks,

quarters or shouldsrs and w a ilaited extent, as oubes or 4ices. Of the
seversl comsercial varietiss grow ir Indis, 'Alpbonse' is best suited

for canning (53). Uther varieties such as Dusehri, Bensshan, Totapuri
end Fasld givw cacned procunts of mild fiswur and pale colour. Simce

R N
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canning varieties are not fibrous, only fim sd ripe fruits haw to be
used to prevent meshiness of the slices. Caloium treatment before ocanning
proved effsotive only for retaining the fire textwe of ITotapuri slices.
In Alphopso and Pairl varieties, caloim treatment proved ineffeotive and
also adversely affected the flavour during storage (54).

Steps inwolved in the canning of the fruit (Alphonso)
such as pesling and slicing, are done by hand using different kiads of miws.
(Flov Sheet 1, Plates, 11, 12). Meshanised squipment for pesling of ripe
mangoes have not been fabricated to the satisfaction and s & serious bottlenesk
in this industry., Chemical peeling by dipping in a hot lye (Nad:!) solution or
Nag00, at 80% . has been suggested for certain varieties of mangoes (53),
but has not besn commeroially adopted. The prepared slices are covered with
bot syrup (30-50°Brix), sealed and processed. Since the fruit has a pH of
4.0 - 4.5, oitric eacid is added at 0.2 - 0.400 level to the covering syrup.
The cans are processed at 100°C for 15 mimutes for a 24 cans (53). Spin-
pasteurisation is preferred in the place of stationary retort pasteurisation,
The oanned produet has a shelf-iife of over 1% months at ambisni tempereture.

Canned slices of {lphopso and Pairl warieties showed almost mo loss of
/3 -carctene after starage for 8 months at 25-30°C. (56).

In mome factories, slioes are scooped with a curved knife from wapeeled |
chesks cut from the fruit to give a smooth surface. The stone and pesls are l
passed through a pulper to get the pulp. In this process, the yield of slices ‘
is reduoed alightly but pulp yleld is higher. Overall yield of prepared fruit \
is 5-10F higher than by conventional process. The sdventage in this method is
ease of handling of unpeeled fruit,
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Mapgo Fulp: with the developeedt of rew.! -to-1: ve beverage imuetry,
there 1s an inorewsiug demand for munzo pulp hich 16 canned commercially in
4-10 packa.  Evea whils cunnlng mengo pulpy, 0,25 - 0.35% citrio scid is
odded to Iower ihe pH, hsated t 85%, f4lled hot into cans, sesled snd
processed at 100°C for /0 minutes {(fo- i 2} cans) end cooled, Additionm of
ascorbio sold ai 100 ng % 11 the canidng of mango pulp helps in the retention

of colour, flavour and carotens (5%},

Mangc pulp used iv the prapsration of Jems und squashes, say be
pressrwd in barrels by using 30, us a preservatiwe. For this purpose,
0.5 - 1.0f oltrio aoid is wdded to the pulp, heated to boiling, cooled, 30,
sdded at the rate of 1000-15C0 ppa, M'lei Into waxed woden barrels and

stored for subsequent usa,

Mango Deverages: Mangc juice, nectar and 8quash sre the three

important beverages prepare’ or a cowmerrial scale,

As the mango pulp ic very viscous, juice is prepared by adding almost
equal quantity of vater and adjusting the total soluble solids and asidity
to taste (12-15% T35 and 0.4 - 0.3f aoldity). Mango nectar, snothar popular
prodwt, contains 208 pulp witn sugar and scidity properly adjusted to give
155 and 0,3% acidity as oitric acid. These beverages are generally packed
in cans. They are heated to about 85°C in heat exchanger, filled hot into
cans, sealed, processed and cooled. Mango uectar packed inE-100 tin container
shovs higher tin plok-up ob storage es compared to corresponding pulp. Addition
of 0,2 oarboxymethyi celiulose (CMC) or 0.8 of gelatin retards tim plok-wp
to some oxtent (58). Iu vsiant rears, botiled bevorage (mang. based beverage
contuiuns 10-15% pulp) his Lwsose populsr in Sig cities,
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Margo squush ic manafectured to t limited extert. Thie generally
oontains 25% julce, 45% IS. end 1.:% w 1,5f soldity end is preserved with

S0y (350 ppm) or sodium banuoats (1000 pua),

Mango "leather"

The pulp of the sour and eeadling varieties is traditionslly dried
in the sun on sn extensive scale for use as & flavouring ingredient in Indian
food prepurations. Produstior figures are not availasble. The Central Food
leohmological hesearch Institute (CFMRI) has worked out oconditions for the
hygienic drying of the ripe xanyo pulp in the form of bars for direot conswmption,
Frult bars consisting of mango and other fruit pulps hawe also besn developed,

Neapo Cerssl tlakes, Varaiselll snd Powler: 4 process for the prepa-

retion of mango sereal flakes (- fruited cereal ) bas been dewloped at CFIRI,
Mysore. It consiets in adjusting the pH of the pulp to arownd 5.4 by
neutralising part of the acidity with sodim bicarbonute; mixing with precooked
whest flotr end suger; and drying in « double drum drior af -3 rph and steem
pressure of 60-65 psig. [he dried product is highly hygroscopic und needs
Boisture~proof paoking. The finished product is golded yellow in colour and
has the ocharacteristic taste and aroms of tre fruit, Various blends have been
examined to get the desired end produet of acoeptable nature (Flow sheet 2)
(Table 13).

Mango cereal vermicelli and powder have been prepared by adding
cooked wheat flour to obtain & dough of suitable oonaistency for extrusion
through veraiocelll press or driing ss such by spreading on trays. Orying is

done 1o a hot wir cabinet drier (59-63),
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Stredned bepy fopip aod sugiang.: jtrained pulps of apricot apple,
peach and pesr. are ocannel wogme cially i wirove utwi U,3.4, for use as baby
foods. Strouirad pnles and cugsiarcs ueing mungo hHave Luea prepared and exupined
for their su'lab'llty ami nccsptencs, Lhe pulp is passed through a 60 mesh
siewe to remove the fibre. Jager ie wdued to this pulp to got the desired blend,

the mixture is than homogenired end then cunned im AR lacquered cens,

In the prepuration of frui* oustard, acidity of the pulp is pertially
noutralized o sdjust the pH to b.3 - 5,6, sugar, skimmed 3ilk powdsr snd
precooked starch added, homogeniied aud cwoned or 1rua dried as in the cass of
mango cereal flaskes. The drisc product is powlered and packed in lsminated
flexible pmokaging material, ir botties or cana, The finished product 1s
hygrosccpic and should preierably be paoked with an in-package dessicant.
Facking in tins under nitrogen ard storage et $°C 18 also recommended

(Flow sheet 3;. Those productim urs highly nutritious (64-67),

Mango powder: Frodustion of fruit juice powders has asmmed great
disensions in recant yesrs particvlecly in U,5,£. bece' 3¢ of mveral advantages
and a number of patents have en grante: for these products., Mango pulp or
Juioe after concentraiion, is mixed with powdsred sugar and dried in s vaouum
shelf drier.

Dehwirsted sunco puls: Msngo pulp is successfully dehydrated in e
double drum drier in 6-6 seconce a* 141°C ylelding e product of golden yellow

colour with originel flavour, lLut highly hygroscopic in nature. Different
varieties have bLeeh exmkined and thair nutricive value studled iv detail.

In e patented proosas, cubinet srier at 60-62°C hus been used for dehydrating

wango pulp 68).




Nengo pulp can be driea in & doubls drum drier 1t 65 psig., The drum
dried produst 18 thir and pepery, highly hypgroeecpic and ccnnot be powdered.
dprey drying of wengo pulp her no' hwen 2ucsoszDu on necowit of thermo-

plastic pature of the neteri.l.

Fosm mut dried piodugia: Mengo pulp 1 be dited by foam mat prooess
1s mixed vith equai gugntity or augar upd glyoeromonostmarete (OMS) at 1%
level and whipped in a sriwble aizer %o produce & steble low density foar,
The foss ie extrudo. in tiw form of etrips on the sieves and dried in a hot
wir drier at 70°C with cross flow drying iechnique. The product is dried
in 45-60 minutes to & moisturc level ot about 28. The product is yellowish
in colour and regonmtitutes insiantly but the flevour is 8lightly affected.
work is in progress to improve the fiawur., The resultent product is
hygroscopic and requires moisture proot packing. The mengo powder is also
prepared by puff diying in & vucuvm drier or by fosm mat drying in a hot eir
drier at atmospheric pressuo. #meexs drying muy also be used. This produot

can be used us 8 good adjumot in i los-crewn ‘ndust-y

Otber produgig:s Mango e either aione or salotg with other fruits
is propered commercielly. Pectin has tc bte added to get a good sst., Non-
fibrous varieties with compuot texture, otherwise not suitable for table
purposes, camning, pulp or beverageas are utilised for prepuretion of preserves
end arystallised fruit et « slightly under-ripe stege. Methods have been
standardised for these products. The other products of importence from mungo

are cheese, butter and ice-crewn.

Utiliset tg:  3Jeeds (ntonos) and peels are the

important wastes which constitute 35-55% nf ripe = well sa nnripe mangoes,
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Mango kernel flour is potestially a rich source of good quality starch

and also contains proteins of high uviciogicsl value (Table 14), It can

be used for edible purposes as wll as animal feed. The seed kernels are
oomparuble to most of the cereals, particularly in respect of ocarbohydrates,
fat, protein, minersls, calcium end phosphorus and defatted kernel can be
utilised in the preparation of chapaties, etc., by replacing wbeat flour

to the extent of about 108. It has not, however, been a commeroial success yeot
in India because of the problems in the oollection of raw material. The
possibility of utilising peels needs to be explored (69, 70).

ITr.  FUIDRE LINGS OF WORK

There is need to develop suitable varieties intended for trade in
fresh form to meet the export requirements. Similarly, verieties hawe to be
screened among the existing cultivars particularly for canning and freesing,
The desired variety should possess qualities such as high flesh yield,
saall and thin stone, good colour and should also be non-fibrous with
compact and fim texture,

Maturity stendards for harwst which can be applied in the field
conditions and methods of greding the fruit, need to be inwestigated on all
importent varieties for inland and export trace. Oonditions for packing,
transit, storsge, ripening and freezing need to be standardized for all
the importent cultivars mewnt for export as will as intermal trade. Vory

little is mown about the post-harvest physiology and bioohemistry of the

sungo fruit espvoially regurding its flavour development; intensive ressarch
is essential in this field,




“ultybly masuinery for meehsalog) peeling and handling of ~ips
repgcie for procuseiog calls for immedinte attention of Food Machinery
Hanufsoturevs. £ mnchine devalsped ip Auetraliu for pesling grewen ead

firm mungees cen bo ucal with adventugs in the ohutney induatry.

Nevly dovalopsd pr-duste cucr oo maLgo 3erenl flakss, powders,
strednod buby fModa, rasdy-tee-rervm Lavsri e d foam sut dried products
have opened a nci' avenus for e onom e utiiisation of pulp, a by -product r
the carning industry, as woll as corplus fruits available in the fiwch
market, Drum diders of proper #izs hawe to be dasipned and fabricated
for large socle production of froited cereale. Utilisation of waste produsin,
1.0, peel and nurso kernal, desore spocial ettenticn in order to eccnoul:n
the oost of procenning operatious ard alss rednce the cost of tle prisery
finishad pro..cte,

long diciukn troo-por! by elr and ssa oargo for (v froosh fyuit wn.
processcd products needs to e piwa a ssrious thought, The swcese of
Intervationel tyade is essentially dependsnt on marketing ressarch to fulfil
the consurciz' ax-ot roquisorente un. to this effecl ar organised integretsd

approach is essentiu).




5.

4.

5.

G

9

10,

11,

12,

18,

14,

18,

idé.

B FNpdeie. b

e e e

3uvey of ladia'n Aepoct Faueiial o Joerh and Procesped Mruilo srd
Vegetnblash, 1288, iy, .uau oo date of Teeigs Tosde, Min, of
Cm., "‘Wta :H’ 1!3..& H’vﬁ ’:\311.!.

Mirohapdsid, ... i arkel-ng 0. MAapgoos i India®, 19565, Marktg. 3ov,
155, Mroctasete of “npknihi g nnd Iuspo-tion, Min, of Mood & Agrie.,
GUogrt . of Tndig, deppur  irile

Cadfllai. M., Mrep. Sur., 395C, XKI1 {7, U2

Hepa te, 1964, Dirsowcutc Of Hiukelins exd Inspvotion, Misistry of
Pood & Agric., Gavt. of ladia, Fanawr, Indla,

Monthly Statistics cf . Maeirs Trads of ladie, Vol, I (&ptl‘ta and
Reaxpertso). 1068, Jept, il fcener. Jotell. and Satd., Caloutta,

Govt. of Tad: a.

Personal Coseuricatics (i970), Tavelopzens Comuissioner (Hort,),
Mm. Of M f“' u{l‘;., "’)'..h. ﬁ; Il?lib.

Singh, L.b., *The bauso®, 1960 »avdd Orcp Bonkr, Lecnard Hill (Books)
Linited, Tnwz xmico: Mk, Inc., dew Yerik,

Gengooly, & k. Pan.i+ 7o, Fatyek, 3.k, ard Daljdd Eingh,
"The Mange'. 1657, mites Carndl &8 {g@in, Ren,, Hew Delhi, India

"The Mango, 4 Handboor™ 6.7, Indtan Counci of Agric, Mes.,
Reu Delldit, wdie.

The Wealin of Lnddn, 1262, Rav matuerietls, Yy L4, 240,
Comnci! =f Sciwsntitdc & “rduct:i 1 Dasseveh, Fev Mk, lodie,

Jain, H. I, "Ohemistry cod Teounolopy of Mango®, Reviewvs in Pood Tevh.,196°
Aspoc, Faod Tch., Mymove-Z, Tadia,

Lek shminarsyann, B., Suohodva, N.V. ad Subremsnyss, H., J.Hort,
.1.’ 19'70, ﬁ (2},’131"5 ’ !

Bhavtha Krisinemirthy aci Gubreaanyam, Ho, J. Awer. Sec, Hort, Soi.,
1970, fA(3), 38%.

Annual Heports, 1988-71, Cant~ 1 Facd Techrological Tessarch
Institute, Mnore.ls, Indis,

Hobeon, I., Aroc. wrop, and mt-tropssud *vuits, VoP... Gonf,
1869, 1.

Subremanyam, .. Laraysour Soevthy, We7.. Tecahfilnaraysna, 8 end

Shaothe Kebehuemau thye, rih v Morgo oo tvige Ouiture,
1968, New ULelid, Irdie. ; rgo o L

e ot



RV

b A1

19,

28,
2,
80.

5.

82,

34,
35,

sé.

Sabrown, o LUl L darifed., 1970, 3(3), 185G
Sabrz.w - ~tire o, 1071 Uin prees).

Bhanthe Wi e Ayam, He Psetdo. Sed,,
1970, 1, T

Babremervy o ., 5. o olorbly, K.V, Bublsdre, N.V. and
Matra, M., Trop o Ly 4L (2), 120,

Pustabhirw.cn, 1., 1.l Rec and Sasiry, o Vo,
Perfumary end ©o.alh 0'1 Racord, 1866, 50 (10), 733,

Pattobhiremc:, T.R., Snetry, LoVolo aad dbroham, O.K,,
Farfuaciy s.4 Ferontiel 04) tecord, 1969, go(8).

Stanthe iricnsurtiy, fammrdies, Y aad  Sabrecanyeu, W,
Prytoohsn,, 1971, 4 (Ia prozs),

Mattoo, A.K, ind Meds, V.V., Plcat Physiol., 1969, 44, 508,

Hattoo, LK. €3t ¥ali, V.V., Preo, Trcp.and osb-trop. Mmuts,
T,P.I. Gcaf., 169, 111,

htm, POBQ' Singh, KQKO '“i K.My an. m J' mico eaio,
1953, 28, 65-77,

Therpsea, A.X. 1Iro;. feric. (Trinidad), 1871, 4A(1), €3.
Vinkors, “.EWTL, K, afr, Agric, and For, F,, 1964, 1N, 46-48,
Dalal, Ves. ord falrcumnyam, He, Clizate Scatrol, 1970, 3(3), 7.

Fidier, J.C. aad Cmvcey, D.Co, Prna, Teops acd fudb-tropical
n‘u’.tﬂ. T(POI'* ccﬂo: .!.‘J‘MQ 103.

Hettea, T.7, ead Reeder, W,F,, Iroc. Arer. Soo. Hort, 8o1i,,
otl'ibo &'80’ 1985’ &Qﬁ 1140

mmyﬂmg uo[ Sherths kimwﬂ't,y’ &lhm.. ub"' W-al, ",anog
?Ialndhu'a, ‘0.8. avd [ics K. Cheko., Trep, Soi., 1971, ITIL (5)
preas

Lekshcdnarayens, 8., Vijayenira Pao, A.R., Neorthy, N.V.N.,
Anpndeswvawy, B., Dulal, V.D,, Nerasisha, P, and fubrekwyes, li,,
Jo Fd. &1. T“ho, lgn' §_ (Iﬂ P"”‘)‘

Thazpeon, 4.K., Trop, Agric. (irintdad), 1971, 48(1), 7.

w Dalwmy, E., Prou, T"OP. end &ab-trbpiod ."\lit., T.P. 1. Cmi‘.,
1969, g,

u L ayoia, 8 awad &‘brﬂwu‘-’ H-O’ J. M. Si4. Mho.
1950, 2(5), 148,



88.
39,

41,
42,

4“4,
48,
46.

47.

48,

49,

81.
82,
88,

88,
se.
87.

88,

nA

Builpson, B,,
1949, 65,

Proo, Irop, and Sub-trop, Prults, T.P.I. Coaf,,

Leverington, R.E., Food Techuology in Australia, 1957, 9, 205,
Siddappu, .5, and Rhatis, B,8,, Ind. Jr. Hort., 1954, i1, 104,
Jain, N.L,, Unpublished data

Moand, J.0. and Johar, D.S., Mod Ecience, 1958, 7, 180.

Jain, N.L. and Jacob, M.B., Unpublished data

Amed, S. apd Abmad, W. P, M, J. 1960, Z, 169,

Jain, ¥.l., Lel, G and S1ddapps, G.8.,(Unpublished data)
Prasad, H.H. and Joshi, K.Y, Agri, J., India, 1929, 26, 402,

Subbe Reo, M.S., Soumitiri, T.C., Johar, DS. and Subrabmanysn, V.
Food Boisace, 1963, 12, 3@, S P

1962,
"Mango® Monograph,/Central Food Technologisal Research Institute,
Mysore«24, India

Report oa the Chutney Industry in Indie, 1987, Govt, of

Indi,,
oty Mgris., orate of Marketing end Inspectien,

:ivutgv.,TB.O. Qg! Mathur, P.B., Preo. lst inn. Conv., 1988,
#0¢, 74, Tech., Central Mood Technol
o s : ] ogical Repearch Institute,

Mathur, B.P., 8 KX, and N.8. ‘
1952. a 15.! 1“85’ &W’ » hdm M Pm’

Sari, B.R., Indian Food Paper, 1982, §, 36,
Kirpal Stngh, K., Climate Contral, 1970, §, 85,
addlppc, Goscg mt“ B.SO’ M &.o’ 1’“. a' 1635,

Ranganna, §,, Sastry, M.V. 8
lm’ b 5 ’ Y ’ and md.m Goso' c‘wtﬂ.

Boss, AU, aad Bam, O., S1, & Oult., 1965, 20, W8,
wm UeSe and Bh.til' Doso. J. Sod. Ind, &.o. 19“’ uc’ ue

Bubbiah, K. (M,8, MHart,
Institute, Nov Delh, Mfrm). 1961, Indien Agricultural Research

Mahedeviah, M., Gowrams, RiV., Redhakrishnieh Set
oV ¢ G.
L.V.L. and Bhw“&r’ Hoc-, J. M, %, & T“ho’ 1’“?: %.192.

. .




é0.

61,

62,
e,

70,

84ddappe, U.8. and lel, G.i' Centre) Food Techaoisogical ‘nasarch
a

Iﬂl‘tiﬁi', Mysors, Indian tent No, 498590,

Das, D.P., Jain, N.l. and Lal, G., buil. Cest. Pood Tech. Hes,
Inst., 1955, 4, 157,

lal, G., Das, D.P, and Jein, B.l, ad., J. Agric, So!,, 1968,
28, 328,

Lal, G. and Jain, N-b., Resesroh & Indusiry, 1958, |, 229,

J.-Ln’ HOLOQ 1‘1’ G!. M ni.mwtb‘}" GOv.' Iad. Jo 'br'...
1957, 1.

8iddeppa, G.f. and Ranganra, 8., %od Science, 196i, 10, 29.
8iddappe, G.8. and Renganna, 8., Mod Soience, 1961, 10, S7.
Rangaana, 8. and S4ddappe, 0.8., Paod Boience, 1261, 10, 41.
Renganna, 8. and Biddappe, G.S., Food Soience, 1061, 10, 45,

84dappe, 0.3,, Bhatia, B.8., Lal, 0. Central Pood Technological
Hessarch Institute, Myeore-24, Indisn Patent Mo, 49441,

Mth’.' Joso M»Susheala, R.;hu Fart, J.. 19‘8; m 272,

Pruthi, J.8., Krishmamurthy, G.V, and lal, 6., Indien
Food Paoker, 1989, i, 7.



TABLE L

Satdaated Wardd Produgtiae and Pxpart of Presh Mangess

Froduction Ixport

Inporting

Oountry (Quantity s Tonnes) countries
Iadie 7, 000, C00 1,408 u::.:” Rat, UK.
Peici stan 1,000, 000 - -
m%l::s:t::ut:“ 154,000 - -
Philippines 131, 600 8,243 long Kong
U.ALR. 88, 000 - -
Thatlend S‘ 2,246 m amd
Seuth Afriss i
Brasil g
Nexioo 5 626, 500
Ouba ; }
U.S.A. (Morida) )) %
Caribbesn regien ; ;
Ceylea )
TOTALs 9,000,000 10,000

SQURCE: 1. "furvey of ladia's Report, Potential of Mesh and Frosessed Muits and
Vogotables®, 1068, 18, Iatian Matitute of Moreign Trade, Min, of
Govt. of India, New Delhdi,
2, Permnal Comnuniogtion (1970), Development Commissiomer (Horts, ),
o of Pood & Agri., Govt, of India.
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Eeadption of Mange and Proceseed Meago Products in India

m‘uh of &d & )gr!.c oy

Govt. of India, Negpur,

1969 (Mot)
Aruit/Products
Quantity Value
(Tonnes) &s. o000)
Mango, fresh 1, 000, 000 -
Mange ~ Canned (1.7 22,8
. Delyrdrated 7 4]
. Jans 144 6,80
" Jellies 8 86
" Juioe 8, 438 1,42,77
" Mlp 994 84,40
" Mresmrves 22 o5
" Sqashes 110 6,79
" Gyrups 1 ¢
. Nectars 188 6,45
. Roady to sarve Beverages 1,834 38,
" Clutaeys 1,008 41,28
" Plokles 2,949 5,5
. Sliees in brime 1,5% 2,51
TOTAL 4 16,149 3,74, 73
SOURCEs Reparts, 1969, Directorate of Marketing and Ianspection,

Inaia,
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TABLE ¢

L T T

Surfese Specifioe Weight Pulp Pesl Stone
Varistiss o) 0ur gravity in gr. per ceat per eeat per eent
Al phonso Yellow 1.02 218 70 18 18
Baneshan Iallow 1.08 400 (1 18 18
Paird Gresaish

Tollow 1,02 raf ! [ 18 17
Totepurd Sellowish

piak 1,08 400 78 18 7
Noolma ¥ollew 1.08 275 ™ 18 e
Malgea Ureenish

yollow 1.08 800 74 16 10
Buselri Yellew 1.02 250 o7 18 18
Fasld Yollew 1.08 300 L) 18 0
laagra Gresniah

yollow 1,08 300 [ 13 17 10
Ohmwae Oresnish

yellew 1.02 278 e 1 20

SOURCE: Jimmmal Reports, 1982-3.970, OFTRI, Mysere-2A, ladia,




1At

mf:h““ Group A Group B Group O Group D j
feacters ‘f
dodght > 3D g S00g220¢ 280 ¢ s g <225 g (Physta ;
(over mature) (Pnysiologi~  (Physiclogl- ally 1
o imme~ od.l’ imzg~  immature) ¥
tare tars p
1fio0 «,
1,02 1.1 ’
Total ;
soluble > 10 81 T2 < 6
selids £ ]
rum #
Malio < 3.2 5.5 ¢ 0,2 5.9 0,2 ) 4.1 ,\,
aoid) %
Nesh colour
a® total 7 800 €00-800 A00-400 < 400
carotenoids
re s
Alcohol
insoluble > 12,8 11,8-12,5 10,861,858 < 10,8
residue £
SOURGR

1. /Mnomel Reports, 1968-70, CFRI, Mysore-24, Indi,,
oo m‘b ’ ayana thay, » shninargyans,

ishnamur Wy, W
1969, Nev Delhi, India,
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TABLE ¢

Mu‘c ﬂ'lﬂw < La0 1.0 - 1,02 ? 1,02
Storage 1ife in

days at

80 2 2% 16-20 12-16 =10
Decgy in per ceat 50-50 10-13 1018
Frult quality Poor Good Vory Good
Sut.mw
for export Not maitable &uitable Bot suitable

SOURCEs Subrawanyss, K, of al., 197 (Vopublished dgta)




Commeroial
,‘ ?nt-lugo scale trials trials |
Laboratory trials Alphrnsa) 2,5 tonnes (Alnhonse)
Treataent 100 w
Oumalative prosatege
Mungal speilage 8pai-~ ‘
Ry 8pad- Spoi- :
Alphaneo® Neelua® Pairi® PO lage Ripe lege MNP 100 opc
DAYS AFTER 18 12 18 9 12 17
Sontral 50.6 10,0 83.0 58 2.1 404 12.2 64.2 17.4 35.4
Hot water
treatmegt ‘
(52 :1 12,9 8,0 16,0 7.2 0,9 43.2 4.8 777 4.8 8.3
for 5 mins, ) "

* Rults wors tregted within o day after harvest
@ Treatasat delgyed by 8 days.

S0URCRs 1. Subremanyams, K, Narayana Moorthy, N.V. Likasminaray 8. and
Shantha Krishnamurthy. WW“& 1969,
New Delhi, India.




P‘;ffao
Nethod tive
of ewLenten

i per ocgt
f i.3.midazole (Thiabendaszole )
i HZ) AQUEQUS DIP 0.0%0.10
| 2« (4-Thiasolyl)bensinidasole ) hot/cold
onoayl (Benlate )
Eothyl l- butylsarbanoyl )= . 0.05=0,10
% 2 bensimidasole oarbasate)
Botan

~Tr {ohlaromethylaercapto=4- * Ce25 0,50
% yolohamne-1, 2-dicarbaxinide )
-
gotramsthylthinrea disulphide) v 0,28-0,'0

nsh

o ~0 thylenebisdithicoarbanate ) . 0. 25=0,57
" isan
' ¥, 6~dichloro~t-nd troaniline ) » 04250,
T oofungin
gortesns anuibiotis) v 0.08<),10
- entosyoline " 0,057,410
ptreated "

- e

F.l.. S

16 deyn |
2aLiigat Tole= L
store 7y s K
POR T\ laval e
[ eeny  nom,
5 "5 5 -
J-ﬁ s -
"'"lo 80 <_ ']
G 7 2.3
Sl c <=9
ol “ !.C”:'O [ 4
“" 0.:/ » w

PRCE1  samal Reports, 196870,

e . PV,

CFIRI, Mysore-2A, Indta,



R Y

1
rostamt Carotenoids (g/100 g) g
Total /[3=carotens 3;
4
Contral 10, 685 5.008 i
a) Cold water; 25°% far 5 min. 10,648 4,627
b) Hot water; 55 £1°0 far 5 min, 11,38 5,22
o) Cold water; 28°C + Algr.8s
{2500 ppa) 10,419 5,075
d) Hot water; 58 £1% + Algr.85
(2500 ppm) 13,310 7,29

SOURCEs Subremanysp, 8 . am Sebastian, L, Wrtfoieses, 1970, &(s), 160,
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S0URCRs Subremsnysm, H,, MortSoisnce, 1971 (m pross)

TABLE 10
Kfeot of 2-ohlseethylabosahands sapid (FTHRET) on
earstens devaloment ia menzoesn
Alphoase Pairi Maly,
Treatment -
Carotemoid ( ,ug/100 g)
Total /G-nrmu Total /ﬁcou'ot‘om To*al fo L
— - lmh dvb“"""‘"" BT Bt S e W W Wt 4 ToaB Ptk  Boperh - @
Un¥reated 13841 8528 4087 1093 802 e
bt v r;
38 21 o 14018 9837 6708 1558 3es2 1m0
8 min,
Hot watgr;
83° 210 19958 10800 7825 2488 4368 1)
+ Rirel
(500 pgm)
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30Mb wSPLGLY OF PRESERVAT:UN, FROGESSING
EXPORS OF MaNGO sND IT3 PRODUCTS

World Production

Mango is the king among troplocal frults and is greatly relished for its
suoculence, sxotic flavour and delicious tasts in most countries of the world,
The world's estimuted annual proiustion of mango is about 9 million touwnes of
which India ascounts for 7.0 million tonnes (1) (Table 1). India is also the
largest producer of cholce table warieties of mango with an estimated production

of 2,5 million tonnes of grufted cultivers; rest of the produotion (4.5 million
tonnes) oconsists of seedling warletiss (2).

m‘ rt Markot and international Trede

The export of frush mango which was barely 636 tonnes in 1965 {valued
at b, 0.8% million; has increased to L1486 tonnes ip 1969-Y0 (valued at
. 3 million). The targers set for 197576 are 10,000 tonnes. The total foreign
exchunge sarned from exports of fresh aungo and ite processsed products has
incressed 3-fuld in the lust 5 years due to the popularity of this fruit in
gulf countries, U.X, and some purts of Gurcpe (Mz.1). Trede of fresh mango
in Europe 1s about 300 tomnes for LG (Buropsan Economic Community) whercas
for the EFTA (Europesn Free Trude assoolation) the tota! is estimated at
about 400-500 tonnee, For other countries of Westurn Burope, exsept Spain,

which 1s u producing country, the inported tonnage 1s not more than 50 tonnss (3).

- -

NOTE: The figures given in brackets refer to the Haferences (see page 27).
For Tablee, se¢c page 4.

For Figure ! and Plates, please see page 43.
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N-Yo's raulrag. Tecls,

Pratl ki GATAtOvRrUR. Patel,
Snsrdoronas EAler s Andiose Patel.
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. D s T Yl e el

S0URGCEs 1, 8agh, L.B., 'The Mango!, 1960, Wrvld Grop tooks, Leonard Hill
(Books) linited, Interssience Pub., Ins., New York
2. lamal Reports, 196870, CFTRI, Myeore-24, Iladis,




TABIE 1%

- ASrpadd
h #
Moie- arotens
riety it ,4/‘:;/1 o g Uolour Tlavour
Aphoase 1.89 9, 408 Bright orange Rreng mango
2. Fatrt 1,48 6,812 Need dull Md flavour
yollow
5. Totapuri 1,99 8,008 Vory dull Very mild
v ’ yellow flavour
4, Neelwm 2,72 s, 500 (range yellow bhtly
’ n:tlbr ,
5. Mard 2.9 7,902 Iright erange  Slightly ]
yollow natked ]
6. nrhnuu
aird 2,02 8,048 Qrange yollow Warked
(211) flavour
7. Safeda ;
(Melihabed)  2.47 4, 000 % ango yel Low Mild flaveur §
3. Bafeda ;
(Lucknow ) 2,82 2,872 Dull yellow Wry sild
flavour
2. Duselrd 2,04 4,969 Grange yellow Marked
sango flavewr
10, Gafeda (Lucimow):
Duselnd Marked
(24) 2,00 2,009 orange yellov  mango flavour

S0URCE: Oirdhari Lal, Lrichnemurtly, 0.V., Jain, N,L, end
Bhatia, 5.5., Mgd i, 1960, 8, 12,




Ghenionl Composition of Mango Sged Xernels

Pigradeo-cheeical
charecteristice 4
(per cent, dry weizht)

Moiwture

Bther extract
Grude fibre
Protein (B x 6.25)

Sugars @ a) Heduoing
b) Boa~reducing
o) Total (as invert)

Starch

Peotin (as Ca nectate)
Total carbohydrate
Total tannine

Total ash ‘winsrals)
Ash insoluble in 01
Caloiun (Ca)
Phosphorus (P)
Calorific value

SOURCEs Pruthd, J.8. and Sasheels, Re Ph, Jort. L., 1963, §
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MATURE, GRIEN
UNRIPE MANGOES
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FLOMSHEET FOR CANNING OF ALPHONSO NANGUES

HOT WATER a'éonlmmnl
AT 53950 WASHLD R IPEN DG
ADNUTES 5~
'
1
3
PRUIT ¥OR SORTING FOR CAMNING

CABNIHG. (100 kg ) RIPE WRUITS
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E

~
R
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~ STEMLEND REMOVING AND
PEELIN

j 1. By dipping ia hot waler
and removing peels

110 Q‘d’.ﬂw hli".!
{11, Curved miwes

|

PERLED FRUIT
e
| ! !
s'mug WITH sum!s }
m‘y (8HOULDERS) (w%)
i L |
STONR 15 xg. PULP 4L kg ( . SLINES 28 kg, .
(Wante) ¢ (50 x & ozsu ) {46 x ?Zé.g:::’)t )
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FLOMSHEST FOR THE PREPAKATION OF MANGO
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Pl PRESERVATION AND STORAGE OF PULP
'T N BARRELS WITH SULPEUR DIOXIDE

HATING TIE PULP
} CERRAL FLOUR

MIXING ANW COOKING COOKING TO A PASTE
WITH WATER

ADDITION OF BUGAR AND OTHER
INGREDIENTS

|

HOMOGEN ISATION

!

DRYING IM DOUBLE DRUM DRIFR
.

FLAKES

FINAL DRYINOG
CABIMNET DR IER
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FLOJSHERT FOR THE PREPARATION OF DRIED MANGO GUSTA
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RIPE MAWGOKE

PriLING

!

FULPING

|
I

STRAINIEG

|

PARITAL HEUTRALISATION WITH CaCog AND
MeHC0g T0 LDJUST p

BLEMDING WITH 8UGAR, CTARCH, SKIM MILK POXDIR,
BRFORT HEATIRG s':‘m KXETED PAN

I

ADDITIQN OF VITAYUI 4, D, B, By, By (Optienal)
!
HOMOGTN T SATTON

DRYING IE TMOSPIPRIC DOULLE
ROLLEQ DRIER
]

)
POWEERTNG IN MILL

|

IR

PACKING Id AIR OR IN NITROGEN IN TAGGER
TOP CANS OR IN GLASS JARS
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K€Y 70 FIGURE AND PLATES

EXPORT OF MANGC AND ITS PRODUCTS FROM INDIA

LARGE MAWDO TRER; GRAFTED, PAIRI CUL IVAR
MANGO THEE IN BEARING - TOTAPURI CULTIVAR
TOTAPURT MUITS IN A BUNCH

NEELIM FRUITS

TOTAPUR] PRUITS

BANESHAN FRUITS

SOME COMMBRCIAL VARIEIIES OF SOUTH INDIA
HARVESTING MANGOES WITH A BAMBOO POLE
RECKIVING OF PRUITS TO THR GROUND
RIPENING OF FRUITS IN PADDY STRAMN

PEELING OF RIPS PRUTTS FOR CANNING
SLICING OF RIPL FRUITS FOR CANNING
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Philippines and Thailand are the Jargeat expor'ers of fresh Rangoes
and lodia tekss the noxt place. about 80K of India's axports are absorbed
by Kuwait, Buirain and I'rucisl Ouan States. U.K and France are the lsading
consumers of fresh msngoes in Europe (1), However, expo-ts of fresh mango
oonstltute only e vory amall fraction of tie production and concerted efforts
have (o be made if the targets for 1975-76 have to be fulfilled. It is
partioularly important to take precautions to attain the high standards of
quality and appeal needed for sophisticuted export markets,

The wrld praduction of processed mango products, is estim ted at
about 20,000 tonnes, of whioh India's share during 1969-70 was 16,000 tomes
valued at 85,37.5 million (4) (Tabls 2). International trade in processed
mango produste is Cominated by Indis, 7Total Indian exports of Rango products
during 1969-70 were about 11,000 tonnes walned at h.24.5 million (5,6) (Table 3).
Othexr exporting coumtries are Pbilippines snd U...R. acoounting for about
1,700 tonnes (L).

Origip end History

Mango (Mangifers indics L.) is a native of India and extends through
Burma into the Malayen region. Wild mango trees belonging. to Mangifers

indigg L. as wll as Mangifers avlvatigs Roxb. hawe beeu recorded from this
region. Indian mango exclusively belongs to Mangifyrs indiga L. (Plate 1,2),
Other speciss have contrilmted Sevoral cultivated varieties in South Rast
Asian comtries (7-10),

growth ead Developneat

Floveriug sveoon for asngoes extends from December to March which are

the oooler months of the year in India. Fruiting norsally begins in 8-10 yeurs

l‘ﬂm—m o 3l 8 5 S
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Distr. LIMITED

In/MG .28 /15 /SINMART
ST July 1971
United Nations Industrial Development Organization TRINTIAL:  ENAT [

Expert group meeting rn preocasgine
selected trepical fruits and vegetavles
for exrert to premium mariets

Salvader, Rahis, frazil, - 0 Leiecer 3

S NMARY

SCIT ASPECTS CF PRE;S ESERVATION, PROGESSING AND
EXPORT OF JANGO AND TTS PRODUCTS

U0, Phatnacar and ', Subramanyam
“entral Food Yechrologaonl Research Institute
Fysore, inlia

Inoiz is the larcest producer of holce table varieties of mengo in
the world w' th an snnual productior. ©f 7.0 millian tone, Export trade of
thie luscinsus fruit, in fresh as we!l us procecssed forms can be expanded ang

i !

rromoted through development of leus expensive and reliable methods of long

distance transport and marketing.

This review summarises *he work done in thie laveratory end elsewhere,
over the last two « c2des opn harvest, maturity, grading, pre-treatments,
~cking, storagse and tronsyort of mengs frait. A sriticn] appraise]l hes been
mrde of several procesved prodfucts from mango dovcloped ot this Tnatitute

nnd showing export possibilitics.

1, 7i-5857
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after planting slthonugh eurly bearing cultivare have besn evolved in rec !
years. Soae oultivars bear fruit in altarvete years., fihie is generully
believad o be dus to hormonal imbalance bafore or during flowaring, end /o . -

are ip progress to restity the defact (7).

The fruit tekes 12-16 wouks for full development after satting anil
its weight continuos to inersase uatil harvest. The growth is slower bat.cun
9 and 14 weeke whish corresponds to tho poricd of development of thu steno,
The starch sontinves to accimulate during growth and developacnt, Respiratlcn
shows & peak during growth corresponding ito the growth climasteric (11,12).

Varieties

4 Uttle ovr tiousand varletiss are recorded in literature of whish
30-33 grafted variotice are cultlvated in Indly on a commarolal scaie. Tan
of the ouitivara of indigg ' are popular for fresh trade as well as proceaslog,
and Alphongo among thez, ‘s tho clolcost veriety. panoshen, Peiri, 1itenvr?,
Neolum and linlges aro othes palicipal werlotiea oultiveted in eonth and wastorn
india. Dusehrs, Fesll, iengrs and Chowga are populsr in northern Inéia.
Suwooulsnt juloy varietles are popular for dessert purpocas and noo-fioua
fleshy variutiss aro lurgely used ror proceasing. Seedling varisties anil
presature or preharvest drops are used far pioklaos and ch.utneys. Jize, elicp»
and colour of the fruit differs considerably from varisty to variety (7-10)
(Plate 3-7; Table 4).

Harveet Maturity

The mungo fruits are harvested from April to July although acze
cultivars in southern lndia are also available as late as Ootober and Noruzlor.




As the harvesting season 1s vury short, there is wlways a glut of mango on

the market.

Fruits are generally harwsted when they mature on the tree. Maturity
in tradition:] practice is detormined by the shape, vize and external
colour of the fruit. JSaweral paurumeters have been suggested from time to time
for harvest muturity of the fruit, but nous of these indices appear to be
useful in ogamorce, Iotal soluble solids, ecld:ssugar retio, sterch content,
t1ssh colour, together with non-destructive charsctera such a3 shape, woight
and surface colour appesr .0 be useful indices for harvest maturity of mango
(18-16) (Table 5).

Harvesting

Green snd mature frultz ere harvested individually by manual labour
with the help of bemboo pole and not atisched to 1t at the end, snd are
lowered to the greund in s basgket with the help of rips (Plates 8,8). In
soke areus, fruits sare clipped leaving a stalk-end of 1 on to awoid injury,
Mechanical harvests ere not possibvis it view of the large spresding habit of

the tree.

ioreage and Yisld

In Iudia, mango covers an ares of 7,48,010 hectares socounting for
about 61,2 of the total estimated ares wder a1l kinds of fruit orops.
Grafted wvardetiss ooccupy 2,775,934 ‘watares or 374 of the total area, and
sesdling varieties ubout 4,72,076 hectares or 63% of Lhe total sres under

8apgo,  Number of trees per heotare var‘es from 100 tol?s depending on the

variety. Yleld of fruits per hectsre rangas from 9¥-~16 tonnes, the maximum




being in the Mysorv State. Yield ddpends on varlety, cultural prectices
sdopted, and the eavirvmmentul ¢ nditions prevaill ; during growth amd
development. Ine uverage yield por tree is about 100 kg. although some

vigorous trees are reported to yield one tomne per seasoa \2).

drediog

Fruite are:greded oo the basis of weight and surface colour.
Speaific gravity grading by water and brine floatation appear to be useful
and rore reliable than the other methods in wogue. Frults having specific
gravity of more than 1,02 ripen faster and nave reduced storage life but
are suitable for consumption in fresh state. Fruits with specific gravity
of 1.0 to 1,02 require longer period for ripening, hawve longer storage life,
and are almo superior for dessert purposes as well as proceesing. Fruite
having specific gravity lower than 1.0 take longer time for ripening and
have longer storage life with inoreased eusceptibility to infection, The
quality is often poor eithar in frash or processed form (14) (Table 8).

Post~Harvest Tieatments

Physical methods: In countries where the use of chemicsl preservatives

is prohibited, harvested fruits are oiften subjected to hot water treatment for
the ocontrovl of decay. Dip treatment of harvested fruite in hot water at

53 ¢ 1°C for 5 minutes has been found to bs useful for ssveral varietiss of
mangoee in redusing spoilsge and in ascelerating the ripening process, besides
improvement of quality. Fruit colour in terms of carotene content increases
by 10%, flavour is anhunced and the conswumer acosptubility is also isproved,
due to this trextment (Table 7). The treatmeut has meti with great suscess in

commercial processing plaris since the decay waa reduced to a minimum level,

begidea reduction in ocost of labour for handling and sorting the ripe fruits (16)
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Ghealoul metbodes Use of several fuwgloides, sntibiotics and chemical
regulators haw beewn Sujgested as post-hurvest treatment for fruits im order
%o reduce spoilage, control ripening end improve external colour and also
the market quality of the fresh produwce. Lxperiments conducted at CFIRI
have shown that otemicals like CaPTAN, TH1iwM, (INEB, xLLI5AN, THIABEND AZOLE,
BediLil% (vhich have been upproved fcr use by Food and Drug idministration act,
US4), AUREOFUNGIN AND STHEPTOCYCLIME can also be effectively used as post-
harvest aquecus dip treatments eitber in cold or vam water for reduoing
decay (14) (Table 8),

Chemical regulators suoh as 4I4R (suocinio acid, 2, ?~dimethyl hydraside)
and ETHREL (2-chloroethyl phosphonic acid) have bees used(at CFIRD) with great
Success to inaresse the carcteus cont ent in the flesh of mangoos besides
aceelarating the ripening and also the development of surface colour (17,18)
(Table 9,10). Maleio hydreside und CYCOCKL inhidbit the ripening process
and also counteract the sccelergted ripening indued by hot water dip treat-
ment (19,14)., The treatments are given in aqueocus solutions as o dip for $ minute
within 24 hours of harwest for maximm benefits,

Dedgatiop: Methyl bromide, methyl formate snd ethylene oxide at concen-
trations of 32 mg/14tre have been suggested for reducing decay, and for extending
the storage life of Alobepse wangoes at embient as well a8 reduced temperatures
(20).

Ripening
1n commerce, dry straw or papar cuttings are used for ripening mangoes,

These cushioning muterials conserve heat and oontemir.ting moulds produce
ethylene in suffic!ently larve amounts to stizulate ripening (Plate 10).
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A‘bri‘éf ~ocount of tho origin, history, frowth ~nd developmont of this
fruit togother with the s-licnt festurcs of thc import~nt commercinl verieties

hras been given,

‘Bmphrsis hes bocn lnid on the h-rvest m-turity, methods of harvest ~nd
grading proctices. Mingocs ~ro harvesteduicn they reach 85% maturity,
corresponding to well-known cher-cters such »s fruit colour, shrpe, specific
gravity, flosh colour ~nd ~cidtsug-r r-tic. Fruit weight, colour and specific

grevity -rc ueeful irdices for commcrci~l greding.

Post-hsrvest tre~tmente -rc suggected to minimise losses thrt occur
during trensit nnd storr~ge. Among th: sever~l approrches mrde, tre-tment
of fruite after hrrvest in hot w-ter -s -~ moment-ry dip, reduces fung-l
spoilage =nd also regulrtes ripenin:. Addition of fungicides or synthetic
growth regul-tors in dip water cnh-nces the keeping qurlity and consumer
acceptrbility, Methods used for ripcning fruits have ~1so been diseussed.
Physiologic~] and bio-chemics! chrnges th-t tike place during ripening,
changes in flavouring constituents, snd chemicrl compoeition of the fsuits
arc prescnted. Storsge ~nd trensit tcmepersture helow 25°C impairs the
flaveur rnd colour development irn thc table verieties ex~mined. Storege
discrsos »nd ripening disorders in import-nt cultivers h-ve been noted.

Of the secveral pre-p-ckrging m-tori-1ls examincd, 'ventil-ted cerdborril
c~rtons are recommended for p-cking fruite intended for cxport merkot.

Recent trcnds in $r-nsport ~nd mrrketing are reviewed.

The suitrbility of scversl cultivers for processed products has been
ox>mined. Fresh m~ngo purce -nd slices in frogen stote will heve future
B0ope in viow of recent developments in frozen food industry. Processed
producte like chutnoy, picklcs snd slices in brine from unripe fruits and
m"ngo am, £licos in syrup ond pulp from ripe fruits heve shown promise ia
oxport trode. Mongo nectar, rn ilcel bovor:ge preprred from fruit pulp hes
beon intreduced in the rocont yeors, Mengo cercnl flrkes, developed at
CFTRI is a novel product which can sorve ~s rn excellent breskfast food,
ospeci~lly for tho undcrmourishod group. Fonm met dricd products with
netural flavour arc good nd juncts in thc iee-cpresm industry. 'cenhettm
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based on mrngo is another product of intcrest, Staroh from the mango kernel
is a potentinl by-product of the westc.

Puture 1inesof work for expansion of world trede for this exotic fruit
apd its products are indicated.
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