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Maturation and ripening of fruits

• Maturity
It is the stage of fully development of fruit and

vegetable tissues only after which it will ripen normally.
Variation in fruit maturation may occur from season to
season. Clear knowledge of fruit maturation and ripening
is, therefore, necessary in order to assist growers make
decisions regarding fruit handling practices. The change
of these maturity variables are dependent on the
physiological and biochemical changes that occur during
maturation and ripening, in which the environment also
plays a vital role. So, maturation is the stage of
development leading to the attainment of physiological or
horticultural maturity.



Types of maturity
• Physiological maturity: When a plant or plant parts will continue

ontogeny even if detached from the parent plant or point of origin.
• Horticultural maturity: It refers to the stage of development when

plant and plant part possesses the pre-requisites for use by consumers
for a particular purpose i.e., ready for harvest or in other words, it is a
developmental state of a fruit on the tree or plant which will result in a
satisfactory product after harvest. It may be categorised as

• Dessert Maturity: for local market, best optimum quality for the
specific purpose. This term is used mainly with reference to fruits.

• Shipping maturity: for export purpose
• Processing maturity: for value addition
• Culinary maturity: for used as raw or cooking purpose.



Stages of Physiological development

• Development includes all stages from initiation to
death. Watada et al (1984) gave the following classes
or stages of growth:

i. Development: The series of processes from the
initiation of growth to death of a plant or plant part.

ii. Growth: The irreversible increase in physical attributes
of a developing plant or plant part.

iii. Maturation: The maturation is a wide term and it is
that stage of development which leads to the
attainment of physiological or horticultural maturity.
– Physiological maturity ii. Horticultural maturity:



Stages of Physiological development

iv. Ripening: Ripening is a complex physiological process resulting in
softening, colouring, sweetening and increases in aroma
compounds so that ripening fruits are ready to eat or process. The
associated physiological or biochemical changes are increased rate
of respiration and ethylene production, loss of chlorophyll and
continued expansion of cells and conversion of complex
metabolites into simple molecules.

v. Climacteric period: The period in the development of some plant
parts that involves a series of biochemical changes associated
with the natural respiratory rise and autocatalytic production of
ethylene. The climacteric period consist of the pre-climacteric,
pre-climacteric minimum, climacteric rise, climacteric peak and
post climacteric phases (Fig.1).

vi. Senescence: Senescence can be defined as the final phase in the
ontogeny of the plant organ during which a series of essentially
irreversible events occur which ultimately leads to cellular
breakdown and death.



Phases of climacteric period



Changes in fruits during maturity

• Increase in sugar.
• Decrease in acidity.
• Decrease in starch e.g., Apple, pear, banana.
• Increase in oil content e.g., Avocado, nuts etc.
• Changes in pectin constituent resulting into softening.
• Loss of tannins and astringency e.g., Persimmon.
• Development of volatiles causing flavour and aroma.
• Loss of chlorophyll in skin and flesh and formation of

new pigments.
• Increase in ascorbic acid and followed by decrease.
• Increase in % TSS and sugar content.
• Marked loss of moisture in nuts.



Factors affecting maturity
(I) Internal factors
• Variety
• Stage of development at harvesting
(II) External factors
• Climate and season effects e.g., Temperature,

light, humidity, incidence of pest and diseases
• Position of the plants or trees.
• Cultural factors e.g., Soil type, soil moisture,

water, Soil aeration, soil texture and structure,
pH, training and pruning methods, rootstocks,
plant growth regulators, chemicals, intercropping.



Maturity Index

• Any physical or chemical parameter of the fruit which
changes with the time during its development in quantity
and quality which are highly correlated with the date of
maturation and fruit quality is termed as maturity index.

• Maturity indices vary among fruits and often among
cultivars within a specific fruit, but generally include one or
several.

• Commonly selected horticultural maturity indices include
firmness, skin colour, flesh colour, sugar content, soluble
solids, acid content and pigments, days from full bloom and
heat unit accumulation during specific periods.

• In practice, any analytical or physical measurement that
changes with physiological development and relates to
customer acceptance has potential as a maturity index.



Importance of maturity indices

• To ensure sensory quality like colour, flavour,
aroma, texture and nutritional quality of fruits.

• To ensure an adequate post harvest shelf life of
the fruits. Harvesting too late will reduce the post
harvest life.

• To facilitate scheduling of harvest and packing
operations. It helps to predict beginning dates of
harvest and need of equipments, materials and
facilities required.

• To facilitate marketing of fruits and to allow
selling of fruits without inspection.

• To influence overall productivity of the produce
on the basis of optimal maturity and value.



Methods of maturity indices and their components

(I) Visual means :
(a) Size and shape:
(b) Appearance:
(c) Colour:
• Some other examples of visual indices are:
• Drying of top leaves in banana
• Yellowing of last leaf of peduncle in jackfruit
• Flow of sap from the cut fruit stock slow down if harvesting done after 

maturity in mango
• Latex become watery on maturity in papaya
• The flow gets decreased on maturity in sapota
• Translucent bloom develop on surface in grape
• Development of angularity in banana
• Flattening of eyes in pineapple
• Flattering of tubercles in litchi
• Spines become well developed and widely spaced at maturity in jackfruit
• Deep purple/black colour develops on skin in Jamun



Methods of maturity indices and their components

(II) Physical means

(a) Ease of separation or abscission: Natural separation
of fruits from tree i.e. ‘Tapka’ in mango. should be
harvested at the formation of abscission layer.

(b) Firmness: The degree of firmness can be estimated
subjectively by finger or thumb pressure, but more
precise objective measurement is possible with
pressure tester or penetrometer.

(c) Specific gravity: As fruit mature, their specific gravity
increases. It is used, however, to grade crops into
different maturities.



Methods of maturity indices and their components

(III) Chemical means
(a) Total Soluble Solids (TSS): The total soluble solids of the fruit can be measured with

refractometer, which indicate the harvest maturity of fruits.
(b) Acidity: Acidity is commonly expressed in terms of the dominant organic acid expected

in the sample like malic acid for apples or tartaric acid for grapes, citric acid in citrus
and many other fruits.

(c) TSS/acid ratio: The TSS/acid ratio is key characteristic determining the taste, texture
and feel of fruit segments contributes towards their characteristic flavour. It is also an
indicator of commercial and sensory ripeness.

(d) Sugars: In climacteric fruits, carbohydrates accumulate during maturation in the form
of starch. As the fruit ripens, starch is broken down into sugar. In non-climacteric
fruits, sugar tends to accumulate during maturation.

(e) Sugar/acid ratio: The sugar acid or TSS acid ratio is often better related to palatability
of fruit. Acid levels decrease, and the result is an increased perception of sweetness as
the sugar/acid ratio increases.

(f) Starch content: Starch converts into sugar as harvest time approaches like in apple and
banana.

(g) Tannin content: It determines astringency in some fruits like persimmon is usually
decreases with fruit ripening because of conversion of astringent phenolic compounds
from the soluble to the insoluble, non-astringent form.

(h) Oil content: Oil content can be used to determine the maturity of fruits, such as
avocados at the time of harvest and at any time thereafter.



Methods of maturity indices and their components

(IV) Computational means
• Calendar Date: Calendar date for harvest is a reliable guide to

commercial maturity for perennial fruit crops grown in seasonal
climate which are more or less uniform from year to year. It is a
period from time of flowering to time of optimum maturity of fruits
and vegetables.

• Heat Units: An objective measure of the time required for the
development of the fruit to maturity after flowering can be made
by measuring the degree days or heat units in a particular
environment. The number of degree days to maturity is determined
over a period of several years by obtaining the algebraic sum from
the differences, plus or minus, between the daily mean
temperatures and a fixed base temperature (commonly the
minimum temperature at which growth occurs). The average or
characteristic number of degree-days is then used to forecast the
probable date of maturity for the current year and as maturity
approaches, it can be checked by other means.



Methods of maturity indices and their components

(V) Physiological methods
(a) Respiration rate: Respiration rate of produce is an excellent indicator

of the metabolic activity of the tissue and helps in deciding the picking
date at different maturity time.

(b) Ethylene evolution rate: Climacteric fruits respond to ethylene
differently than non-climacteric fruits. Generally, all the fruits produce
minute quantities of ethylene during development. However,
coincident with ripening, climacteric fruits produce much larger
amounts of ethylene than non-climacteric fruits. So, maturity of
climacteric fruits can be judge by level of ethylene.

(VI) Light transmittance techniques: Light transmission properties are
also used to measure the degree of maturity of fruits. Color intensity,
wavelength and brightness etc., are measured and maturity is decided
on that basis. These methods are based on the chlorophyll content of
the fruit, which is reduced during maturation. The fruit is exposed to a
bright light, which is then switched off so that the fruit is in total
darkness. Next, a sensor measures the amount of light emitted from
the fruit, which is proportional to its chlorophyll content and thus its
maturity.
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Ripening: Definitions

• Ripening after harvest is the final stage of development of fruit, involves series

of physiological and biochemical events leading to the changes in colour, flavour,

aroma and texture that make them both, attractive and tasty.

• Fruit ripening is a complex, genetically programmed process that culminates

in dramatic changes in colour, texture, flavour, and aroma of the fruit.

• The fruit is said to be ripe when it attains full flavour and aroma and other

characteristics of the best fruit of that particular cultivar.

• Ripening is a terminal period of maturation during which fruit attain

maximum aesthetic and edible quality.

• The most striking chemical changes which occur during the course of fruit

ripening are modification in structure and composition of cell wall polysaccharides,

starch hydrolysis, degradation of chlorophyll, production of carotenoid,

anthocyanin and phenolic substances, accumulation of sugar and organic acid.



Types of Fruit Ripening

Fruits with different ripening mechanisms can be

divided into two groups;

i. Climacteric fruits: in which ripening is accompanied

by a peak in respiration and a concomitant burst of

ethylene, and

ii. Non‐climacteric fruits: Fruits in which respiration

shows no dramatic change and ethylene production

remains at a very low level.

•



Difference between Climacteric and non-climacteric fruits

Climacteric fruits Non-climacteric fruits

Fruits exhibit respiratory climacteric Fruits do not exhibit respiratory
climacteric.

Coincident with ripening, the fruits
produce much larger amount of ethylene.

No such relationship exists in these
fruits.

Significant increase in CO2 production No significant increase in CO2 production

The process of ripening can be triggered
and also enhanced by exogenous
ethylene treatment

The process of ripening cannot be
triggered/enhanced by exogenous
ethylene treatment

Fruits ripen on and off the tree. Fruits ripen on the tree only.

Example: Apple, pear, peach, plum,

apricots, nectarine, persimmon, kiwi,

avocado, banana, mango, papaya, guava,

sapota, tomato

Example: Berries (cherry, strawberry,

blueberry, cranberry, raspberry), citrus

fruits (orange, grapefruit, lemon, lime,

mandarin), grape, strawberry, pineapple,

litchi, loquat, cucumber, fig, melon and

pomegranate



Changes during fruit ripening

Broadly we can divide these changes into

three categories:

1.Structural changes

2.Physical changes

3.Bio-chemical changes



Structural changes or changes in cell wall structure

• Cell wall consists of pectic substances and cellulose as the main components

along with small amounts of hemicelluloses and non-cellulose polysaccharides.

• In cell wall which is rich in pectic polysaccharides, changes particularly occur in

the middle lamella. It becomes degraded, solubilised and softened during

ripening due to permeability of cell membrane and reduction of porosity in

intercellular spaces.

• The major enzymes implicated in the softening of fruits are pectinesterase,

polygalacturonase, cellulase and β-galactosidase.

• Pectic substances in the cell of the fruit are cemented with protopectin

responsible for firmness of fruits which later hydrolysed to pectin at ripening and

then to pectic acid during senescence.

• The rate of degradation of pectic substances is directly correlated with the rate of

softening of fruit.

• Other changes are appearance of cuticle and waxy substances, epidermal hairs

reduced or disappeared, both fibres and sclerids become lignified in some of the

fruits.



Physical changes

i. Water content: Moisture content of the pulp increased as the

fruit ripens. The additional water derives from the

carbohydrate utilized in respiration.

ii. Dry matter: Total dry matter content increased, hence fruit

weight also increased.

iii.Colour: Skin colour changes from green to yellow or red

depending upon the type of fruit. Flesh colour also changes

from white to yellow or creamy. Seed colour also changes

from light brown to dark brown or black.

iv. Firmness: It deceased during ripening due to softening of

fruits.

v. Flavour and aroma: increased during ripening.

vi. Specific gravity: It also increased during ripening.



Bio-chemical changes

I. Changes in Starch and sugars

• During fruit ripening sugar levels within fruit tend to increase due to

starch breakdown in most of the fruits.

• Carbohydrates in the forms of sucrose, glucose and fructose accumulate

during fruit development but these vary among different fruits.

• With the advancement of maturity, the accumulated starch is hydrolysed

into sugars (glucose, fructose or sugars), which is known as characteristics

event for fruit ripening.

• Some green mature fruits like banana, apple and mango contain large

amount of starch which convert into sugar as the fruit ripens While fruits like

pineapple and grape contain very little or no starch and accumulate all sugars

in the form of sucrose, glucose and fructose.

• During early stage of the ripening process, sucrose is the predominant

sugar while fructose and glucose predominate during later stages.

• So, in general, the total level of sucrose, glucose and fructose increase

during ripening. Following are the predominant sugars of various fruits.

(a) Glucose: Grape, date, fig, mulberry, strawberry etc.

(b) Fructose: Date, grape, pomegranate, apple, pear etc.

(c) Sucrose: Mango, pineapple, banana, peach, apricot etc.



Bio-chemical changes

II. Changes in organic acid

• In most of the fruits, the levels of organic acid decreases as the

ripening progresses due to utilization of organic acids during

respiration or their conversion to sugars except in banana where malic

acid increases by 1-5%.

• The organic acids in fruits are stored in vacuoles. The decline in the

content of organic acids during fruit ripening might be due to the result

of an increase in membrane permeability which allowed acids to be

stored in the respiring cells.

• Following are the dominant organic acids found in various fruits.

(a) Citric acid: Citrus fruits, guava, mango, pineapple, pomegranate,

Indian gooseberry, strawberry, fig etc.

(b) Malic acid: Apple, pear, peach, plum, apricot, cherry, banana, sweet

lime etc.

(c) Tartaric acid: Grape, tamarind etc.

(d) Quinic acid: Kiwifruits.



Bio-chemical changes

• Changes in pigments (Colour compound):

• The green colour of unripe fruit is largely due to the

presence of chlorophylls, and the development of different

colours during ripening is due to the disappearance of these

pigments and the synthesis of carotenoids.

• The chloroplasts in green immature fruit generally lose

chlorophyll on ripening and change into chromoplasts which

contain caotenoid pigments.

• Carotenoids are normally synthesized in green plant tissue a

major product being β-carotene. However, in many fruits

additional β-carotene and lycopene is synthesized during

ripening.



Changes in pigments (Colour compound)

• Following are the important pigments found in fruits:

(i) Chlorophyll: Responsible for green colour which is decreased

during ripening due to degradation by the enzyme

chlorophyllase.

(ii)Carotenoids: Different types of carotenoids increased during

ripening such as

(a)Carotene: Imparts yellow or orange colour in the fruits like

mango, peach, papaya etc.

(b)Xanthophyll: Imparts yellow colour in the citrus fruits.

(c)Lycopene: Imparts red or pink colour in guava, grape and

tomato.

(d)Anthocyanin: Responsible for red, blue and purple colour in the

fruits viz., apple, cherry, plum, phalsa, jamun, fig, pomegranate

etc. Leuco anthocyanin:

(e)White grape.



Changes in phenolic compounds

• The phenolic compounds occur in all fruits as a diverse group of secondary

metabolites.

• The phenolic content of most fruits declines from high levels during early

growth to low levels when the fruit is considered to be physiologically

mature.

• Tannin, a polyphenol responsible for astringent and antimicrobial

properties of A. marmelos fruit was found to increase during ripening.

• The important group of enzymes responsible for the metabolism of

phenolics is the polyphenol oxidases (PPO) which is responsible for extent

of enzymatic browning or brown discoloration in fruits.

• The dominant phenolic compounds of various fruits are Cinnamic acid

derivatives, flavans, flavonols, flavones, flavanones and anthocyanidins.



Changes in flavouring or volatile compounds 

• Fruits volatiles compounds mainly comprised of
aldehydes, alcohols, esters, terpenoids, ketones,
acetate, lactones and aromatics which are increased
during ripening.

• Maturity at harvest strongly influences the capacity of
a fruit to produce a characteristic type of volatiles.
These volatiles in combination with sugars and acid
create the unique flavour profile to each fruit.

• Fruit volatiles esterases generally contribute ‘fruity’
and ‘sweet’ characteristics and often become
prominent during over-ripeness and senescence.

• Terpenoids also contribute to a total flavour profile.



Important volatile compounds found in fruits

(a)Isoamyl acetate and isobutyl acetate : Banana

(b)Ocimene, myrcene and dimethylstyrene : Mango

(c)Cinamyl acetate : Guava

(d)Ethyl-2-methyl butyrate : Apple

(e)Ethyl acetate (ester) : Pineapple

(f) Geraniol : Grape (Vitis

vinifera)

(g) Linalool : Papaya and Grape

(h) Furaneol : Strawberry

(i) Limonene (Hydrocarbon) : Orange, mandarain, lemon,

grapefruit

(j) Ethyl butyrate, ethyl hexanoate : Muskmelon



Changes in Vitamins

• Vitamins are organic compounds that have enzymatic function. The most
important vitamin in fruits and vegetables for human nutrition is vitamin C.
More than 90% of the vitamin C in human diets is supplied by fruits.

• L-ascorbic acid (Vitamin C) is the naturally occurring ascorbic acid in fruits
which decreased as the ripening progresses except in papaya and
strawberry.

• An increase in ascorbic acid content with the increase in fruit growth has
been observed and the levels declined with the advancement of maturity
and onset of fruit ripening.

• The content of ascorbic acid (vitamin C) decreased significantly in bael as
fruit ripens.

• Riboflavin (Vitamin B2), a vital medicinal component was detected in
traceable amount only in full-ripe bael fruit.

• Besides, some other vitamins like vitamin A, vitamin B are also found in
significant quantities.



Important vitamins in fruits

(a)Vitamin A (carotene): Mango, papaya, orange, jackfruit, date,

fig etc. It increases during ripening.

(b)Vitamin B1 (Thiamine): Grape, apricot etc. It increases during

ripening.

(c)Vitamin B2 (riboflavin) : Bael, pineapple, papaya, banana

etc. It increases during ripening.

(d)Vitamin B3 (Niacin): Custard apple, date, mango, ber, fig,

banana, etc. It increases during ripening.

(e)Vitamin B5 (Pantothenic acid): Avocado, papaya, grape etc. It

increases during ripening.

• Vitamin C (ascorbic acid): Guava, aonla, citrus fruits, ber,
kiwifruit etc. It decreases in most of fruits at ripening with
exception of papaya and strawberry where it increases.



Changes in proteins and enzymes 

• Generally, fruit contain little amount of proteins but
play an important role in maintaining cellular
organization.

• An increase in protein synthesis during early
climacteric period has been observed in many fruits.

• Evidences showed that proteins were synthesized by
the action of enzymes during ripening.

• Starch degrading enzymes viz., starch phophorylase,
α-amylase and β-amylase are found in ripening fruits
and their activities increase with the progress of
ripening process.

• Pectin degrading enzymes such as polygalacturonase,
pectin methyl esterase, lyase and
rhamnogalacturonase are the most implicated
enzymes in fruit-tissue softening



Enzymes during fruit ripening

(a) Amylase (Starch hydrolysis) : Banana and mango

(b) Chlorophyllase (Chlorophyll degradation): Apple, citrus,

banana

(c)Invertase (Sucrose hydrolysis) : Banana

(d) Malic enzyme (malic acid degradation) : Grape

(e) Pectin esterase (cell wall degradation) : Banana, citrus,

mango, pear, apple and peach

(f) Polygalacturonase (middle lamella dessoluation): Softening

in many fruits

(g) Polyphenol oxidase (Phenol oxidation) : Apple and banana



Changes in hormones

• Ethylene has long been regarded as the main regulator of

ripening in climacteric fruits.

• Ethylene increases enzyme activity and cell membrane

permeability which involve an increase in respiration and leading

to ripening.

• Ethylene and abscisic acid increased during ripening of fruits

while GA, auxins and cytokinins decreased during ripening.

• ABA levels are low at anthesis and gradually rise through

development and ripening in strawberry.

• Auxin, the first plant hormone identified, may act as an

inhibitor of ripening in some non-climacteric.

• Endogenous level of gibberellic acid and cytokinin also

decreased at ripening.



Changes in fatty acids

• Peculiar flavour and aroma of some fruits exist due to some
fatty acids which increase during ripening.

• The lipid and fatty acids content of most fruits is generally
low (except avocado) and does not increase during ripening.

• The main fatty acids present are palmintic, stearic, oleic,
linoleic and linolenic.

• The ratio of palmitic and palmitoleic acid determines the
flavour and aroma of mango.

• If it is less than 1 (0.8-0.9) then a strong flavour and aroma
occurs in the varieties Alphonso and Langra while if it is
more than 1 (1.1-1.5) then less aroma and flavour occur in
Neelam and Banglora varieties of mango.

• Except palmitic, palmitoleic and linoleic acid, all other major
fatty acid increased during ripening.



Fatty acids during fruit ripening

(a)Palmitic acid : Avocado, mango, almond

(b)Palmitoleic acid : Mango

(c)Oleic acid : Avocado

(d)Linoleic acid : Mahua

(e) Stearic acid : Banana



Changes in Minerals

• There is little change in mineral content of fruit at
ripening. Potassium and sodium increase and calcium
decreases during ripening.

• Calcium is one of the important constituents of cell
wall, which provides firmness to the fruits.

• Calcium level decreases while K and Na level increases
during ripening.

• In grape, level of calcium and ash decreased and
potassium and sodium increased at ripening.

• The Mg content of banana is kept decreasing with
ripening, while increase in Zn and Mn reached a peak
at the ripe stage and decrease thereafter.

• Ca, Mg, Na, K and P decreased slowly during all
stages of development.



Important minerals in fruits

(a) Calcium: Almond, citrus, litchi, karonda

(b)Potassium: Custard apple, jackfruit, banana, apricot

(c) Phosphorus: Almond, walnut, litchi

(d) Na: Mango, lemon

(e) Iron: Karonda, date, cashew

(f) Copper: Lemon, pear

(g) Sulphur: Custard apple, banana
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Respiration and respiration rate

 
 

•

•

•

All living organisms convert matter into energy through a
fundamental process of life called respiration, which
primarily described as the oxidative breakdown of more
complex substrates normally present in plant cells such
as carbohydrates, proteins, lipids, organic acids, etc. into
simpler molecules such as carbon dioxide and water
with the concurrent production of energy.
This whole process can occur in the presence of
atmospheric oxygen to release carbon dioxide and water,
and accompanied by a release of energy as follows:

C6 H12 O 6 + O
2

 = 6CO 2 + 6H
2

 O + 2872 kJ
The reaction brings about changes in the chemical
composition as carbohydrates, proteins, lipids, and
organic acids are used as substrates.
 



 
Respiration rate

 •

•

Respiration rate is the rate of consumption of Oxygen or
release 
of CO2 from a 
commodity is called respiration rate. It is an indicator of
metabolic activity of all living produce and plays a significant
role in the postharvest physiology and deterioration of quality
of plant foods.

The rate of deterioration is generally proportional to their
respiration rate, which is often a good index to the storage
potential of a crop. Higher the respiration rate, shorter the
shelf life and vice versa. Respiration rate can be used as a
criterion to compare perishability of fruits and vegetables.
 



 
Classification of Fruits and Vegetables Based on Respiration Rate

 
Class Respiration rate

(mg CO2/kg/hr)

Examples

10°C 20°C
Very low ˂10 ˂40 Nuts, dates, dried fruits

Low 10 40 Potatoes, onions, cucumbers, apple,
pear, kiwi fruit, pomegranate,

Chinese date

Moderate 10-20 40-80 Peppers, carrots, tomatoes,
eggplant, citrus fruits, banana

High 20-40 80-120 Peas, radish, apricot, fig, ripe
avocado, cherimoya, papaya

Very high ˃40 ˃120 Mushrooms, green onions,
cauliflower, dill, parsley, melons,
okra,

strawberry, blackberry, raspberry



 
 

Vital heat or heat of respiration
  

The respiration reaction is exothermic as a
significant part (about 60%) of the energy
produced during respiration is dissipated as
heat, called as vital heat or heat of respiration,
which contributes to an increase in the
temperature of the commodity further. Heat
of respiration is a primary consideration in
designing the storage for horticultural crops.

 



 

Respiratory pathway
 

•

•

•

•

1. Aerobic respiration
It is a major biochemical process involves the
oxidation of certain organic compounds i.e. glucose,
maleic acid, stored in the tissues and released
energy. The compounds that are oxidised during this
process are known as respiratory substrates.
All carbohydrates other than glucose are converted
into glucose first before they are used for respiration.
Fats are metabolized into glycerol and fatty acids
first and then to acetyl CoA and glyceraldehyde-3-
phosphate, respectively.
Proteins are degraded individual amino acids (after
deamination) and then enter the respiratory pathway.
 



Phases of respiratory pathway
•

i.

ii.

iii.

There are three distinct phases of respiratory
pathway in aerobic respiration:

breaking down of polysaccharides into simple
sugars by hydrolysis,
oxidation of sugars to pyruvic acid by glycolysis
(molecule of the six-carbon sugar glucose is
oxidized to two molecules of the three-carbon
pyruvate) and
aerobic transformation of pyruvate and other
organic acids into carbon dioxide, water, and
energy by citric acid cycle (Kreb cycle) and
mitochondrial electron transport chain.

 



Respiratory pathway

•

•

•

•

2. Anaerobic respiration

Aerobic respiration is preferred energy producing pathway in fruits and vegetables. 
But under the limiting O2 
conditions, fermentation becomes increasingly important.

During this process, pyruvic acid produced during the glycolysis is converted to lactic acid,
ethanol or acetaldehyde. Increase in fermentation helps the cell meet its ATP requirement
under anaerobic conditions.

Anaerobic respiration produces much less energy than aerobic pathway and elevated 
CO2 concentrations 
have deteriorative effect on the product quality.

High concentrations of fermentative metabolites are also associated with various
physiological disorders like necrosis, discoloured tissues, off-flavours, off-odours etc.
 



 
Factors affecting respiration rate

 •

(i)
(ii)
(iii)
(iv)
(v)
(vi)
(vii)
(viii)
(ix)
(x)

i.

The respiration rate depends on a host of internal and external factors.
I. The internal factors include

the quantity of substrate (predominantly sugars)
size, shape, cell morphology, and maturity
 Moisture content of the tissue
Wounding or injury
Type of the plant parts
 Stage of development of tissue
 Surface area to volume of the produce
 Structure of peel

 Volume of intercellular spaces and
Chemical composition of tissue that affects solubility of oxygen and carbon dioxide.

II. The external factors are

 Temperature; (ii) availability of ethylene, oxygen, and carbon dioxide;

(iii)  Light   (iv) Physical stress   (v) biological activity and (vi) growth regulators.

 



Respiratory patterns
•

•

•

As the produce approaches maturity, the rate of
respiration declines and those commodities that
are harvested while in the period of active growth (e.
g., most vegetables and immature fruits) have high
respiration rates.
If the respiration rate of a fruit or vegetable is
measured- as either oxygen consumed or CO

2
evolved during the course of its development,
maturation, ripening and senescence periods, a
characteristics respiratory pattern is obtained.
However, fruits show two distinctive respiratory
patterns during ripening and are grouped into (i)
non-climacteric and (ii) climacteric.
 



Climacteric and non-climacteric fruits

•

•

•

Climacteric fruits
These fruits show a dramatic increase in the rate of
respiration during ripening. The climacteric peak can
be prolonged or delayed by reducing the rate of
respiration to increase the shelf life. Climacteric
fruits can be harvested mature and ripened off the
plant.
These produce much larger quantities of ethylene in
association with their ripening, and exposure to
ethylene treatment will result in faster and more
uniform ripening.
The respiration rate is minimum at maturity and
remains rather constant, even after the harvest. The
rate will rise up abruptly to the climacteric peak only
when ripening is about to take place, and then it will
slowly decline.
 



Climacteric and non-climacteric fruits

•
Non-Climacteric fruits

The non-climacteric fruits ripen on the tree and are
not capable of continuing their ripening process once
removed from the plant. These produce very small
quantities of ethylene and do not respond to ethylene
treatment for ripening, except in terms of degreening
(degradation of chlorophyll) in citrus fruits and
pineapples.

 



 
Generalized patterns of growth, respiration and ethylene during
development, maturation and senescence of climacteric and
non-climacteric fruits (Source: Wills et al., 2007)
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Storage of fresh fruits and
vegetables

•
•
•
•
•

Introduction
Definition
Objective
Principles
Methods
 
 



Definition
•

•

Storage is a system of maintenance of
form, fresh quality of horticultural
commodities in its original form for
consumption by human being for various
purposes at later date which may be short
or long duration. Or
It can be defined as keeping the commodity
fresh or processed in safe condition with
minimum of deteriorative changes for later
use.
 



Objective of storage

•

•

•

 
To slow down the biological activity of the
produce.
To reduce product drying and shrivelling of
produce
To slow or inhibit the growth of
microorganisms.

 
 



Principles

1.
2.
3.

Control of undesirable plant process
Control of transpiration
Control of respiration
 

 



Methods of storage

•
•

 
Low cost/indigenous storage methods
High cost storage methods

 



Low cost storage technology

i.
ii.
iii.
iv.
v.
vi.
vii.

In situ storage
Pits storage:
Clamps
Cellars storage
Barns
Evaporative cooling
Zero energy cool chamber (ZECC)
 
 



 
Zero energy cool chamber (ZECC)

 •

•

•

•

•

It works on the principle of direct evaporative cooling. It does
not require any electricity or power to operate. The materials
required to make this chamber are cheap and available easily.

Design and Construction
The floor of the storage space is made with a single layer of
bricks over which a doubled walled rectangular structure is
erected with approximately 7.5cm space between the inner
and the outer brick walls.
The outer dimensions of the chamber should be about 165 x
115 x 67.5cm. The cavity between two walls (7.5cm) between
the two walls is filled with river sand.
The top of the storage space is covered with khas khas/gunny
cloth in a bamboo frame structure.
The chamber should be constructed under a shed with a lot of
aeration and should be closer to water source.
 





 
Zero energy cool chamber (ZECC)

 
•

•

•

•

Operation:
Whole structure is made wet by sprinkling water
once in evening till it is saturated to maintain a
lower temperature and higher humidity in it.
Direct contact of water with fruits and vegetables
should be avoided.
Fruits and vegetables should be placed in plastic
Crates or suitable basket and then in the chamber.
Maximum and minimum thermometer and a wet
and dry thermometer are placed in the chamber to
note temperature and relative humidity.
 



Methods of storage

•
1.
2.
3.
4.
5.
6.

High cost storage methods
Refrigerated storage
Freezing storage
Controlled atmospheric storage (CAS)
Modified atmospheric storage (MAS)
Hypobaric/Low pressure storage system
Irradiation treatment and storage



 
High cost storage methods

 
1.
•

•

•
•

•

Refrigerated storage
Refrigeration is the process of removing heat from an
enclosed space or from a substance or commodity.
The primary purpose of refrigeration is to lower the
temperature of the enclosed space or substance or
commodity and then maintaining that lowering temperature
It is also a main way of modern cold storage.
Cold storage is a method to store products at an adequate
low temperature through lowering temperature in a thermally
insulated storage place.
The storage life, however, may vary according to the variety,
stage of maturity, rate of cooling, storage temperature,
relative humidity, rate of accumulation of CO2 etc.
 

 
 



 
High cost storage methods

 

•
•

•

•

 
 
 
 
2. Freezing storage

Storage at temperature where food is maintained in frozen conditions.
Good Frozen storage generally means -18˚C or below at which growth
of microorganism and enzyme activities are reduced to a minimum.
But when food is thawed then there is rapid multiplication of spoilage
microorganism.
Recrystallization and sublimation are the major physical changes occur
during frozen storage.

 



High cost storage methods

•

•

•

•

•

3. Controlled atmospheric storage (CAS)
It is a system for holding respiratory produce in an atmosphere
that differs substantially from normal air in respect of CO2 and O

2levels.
Purpose is to reduce the rate of respiration, microbial growth, and
retard enzymatic spoilage by changing the gaseous environment
surrounding the food product.
Storage atmosphere is modified with a definite control over the
concentration of gases i.e. O2 level is held at 1-3% and CO2 at 2-5%
depending upon the fruit as well as variety.
Therefore, in CA storage we reduce the concentration of O2 and
increase the concentration of CO2 in storage atmosphere to slow
down respiratory rate of the stored fruits and vegetables, delaying
ripening and extending the storage life of the commodity.
 Advantages & Disadvantages



Controlled atmospheric storage
system



High cost storage methods

•

•

•

4. Modified atmospheric storage (MAS)
In MA storage, the gas composition is modified initially
and it changes dynamically depending on the respiration
rate of food product, the nature of deterioration
mechanisms and permeability of polymeric film or storage
structure surrounding the products.
MA implies a lower degree of control of gas concentration
in atmosphere surrounding the commodity as compare to
CA.
In MA, the commodity is either packed in sealed packages
or different type of polymeric films and regulation in gas
concentration or the generation of MA is achieved by
following two methods:
i. Passive MA ii. Active MA
 
 



•

•

•

•
•

•

Modified atmospheric storage (MAS)
Passive MA: It is a commodity generated MA in sealed packages
or films. Due to continuous respiration of commodity inside the
package and non-permeability or selective permeability of
packages to oxygen, the concentration of O2 is reduced and CO2  is
increased automatically (Passive MA).
Whatever, oxygen is available inside the packages, would be used
up in respiration and CO2 would be released, thus generating MA.
Active MA: For generation of active MA, the commodity is packed
and sealed and gas is pulled out slightly creating vacuum and
then the package atmosphere is replaced with the desired
mixture of gases.
Oxygen absorbers: Ferrous oxide
CO2  scrubbers: These may be kept for removal of excess CO2  from
the storage atmosphere eg. Hydrated lime, activated charcoal,
MgO.
Ethylene absorbers: KMnO4, Vermiculite, Silica gel, Ethysorb,
Alumina pallets.
 



High cost storage methods

•

•

•

•

5. Hypobaric/Low pressure storage system
Another form of CAS or MAS in which low atmospheric
pressure (0.2 - 0.5 atm), temperature (15-23.90C) and
humidity are accurately controlled.
In addition to these three factors, the rate at which the
air is changed in storage environment is closely
regulated.
Humidified air was passed through the chambers to
remove volatiles given off by the fruits.
There was reduction in level of ethylene and O2 is
maintained in the chamber.

 



High cost storage methods

•

•

•

•

•

6. Irradiation treatment and storage
Electric rays, x and γ rays produced by radioisotope or
particle accelerators are used for radiation treatment of
fruits and vegetables.
This treatment can kill microorganisms, inhibit
germination, maintain quality and extend storage life.
It can be used to treat root or tuber vegetables, such as
potatoes, green chinese onion etc.
The treated vegetables can be stored for 6-8 weeks in
natural conditions and six months at low temperatures,
Hence, the radiation treatment is the most economic way.

 


