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Maturation and RipeningMaturation and Ripening

•• Maturation Maturation -- time between final growth stage and time between final growth stage and 
beginning of ripeningbeginning of ripening

•• 1.  Physiological Maturity 1.  Physiological Maturity -- attainment of full size attainment of full size 
-- just beginning to ripen.  Fruit can be removed at just beginning to ripen.  Fruit can be removed at 
this stage and continue to ripenthis stage and continue to ripen

•• 2.  Horticultural Maturity 2.  Horticultural Maturity -- stage at which growth stage at which growth 
or development is optimum for a particular use or development is optimum for a particular use 
i.e. a fruit that will become palatable after harvesti.e. a fruit that will become palatable after harvest



Floral BudFloral Bud

LilyLily

Cell DivisionCell Division

Cell EnlargementCell Enlargement

MaturationMaturation
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Many Many 
flowering flowering 
cropscrops

SquashSquash

Tomato Tomato 
Apple Pear Apple Pear 
Stone fruitsStone fruits

Berries Berries 
CherriesCherries

Raisins Raisins 
Prunes Prunes 
Figs Figs 
NutsNuts

Products at different stages of Products at different stages of 
reproductive growthreproductive growth



RipeningRipening
Characteristic qualitative changes which occur after fruit has rCharacteristic qualitative changes which occur after fruit has reached eached 

maturitymaturity

Changes:Changes:
•• 1. Softening of fruit flesh 1. Softening of fruit flesh -- change in texture from firm to soft Function change in texture from firm to soft Function 

of cell wall dissolutionof cell wall dissolution
•• 2. Change in color 2. Change in color -- loss of chlorophyll, synthesis of yellow and red loss of chlorophyll, synthesis of yellow and red 

pigments pigments -- carotenoidscarotenoids (tomato, peach). Chloroplast (tomato, peach). Chloroplast ------ chromoplastchromoplast
•• AnthocyaninsAnthocyanins (pink, red, purple (pink, red, purple -- cherries, apples, blueberries)cherries, apples, blueberries)
•• 3. Change in aroma and flavor 3. Change in aroma and flavor -- aroma aroma -- alcoholic esters. e.g. alcoholic esters. e.g. 

amylacetateamylacetate -- ripe bananas.  Flavors ripe bananas.  Flavors -- sweetness sweetness -- sugars, amino acidssugars, amino acids
•• sourness  sourness  
•• Starch Starch →→ sugarsugar
•• Decrease in acidityDecrease in acidity



RipeningRipening



Manipulation of ripening with temperatureManipulation of ripening with temperature



Ripening Ripening 
•• Ethylene involved in ripening of some fruitsEthylene involved in ripening of some fruits
•• Climacteric Climacteric -- e.g. tomato, apple, avocado, banana e.g. tomato, apple, avocado, banana ––
•• Respiration increases at ripening. Respiration increases at ripening. 
•• Associated with increase in C2H4 production Associated with increase in C2H4 production 
•• Ethylene production in these fruits can be decreased via Ethylene production in these fruits can be decreased via 

transformation with antitransformation with anti--sense ACC sense ACC synthasesynthase or ACC or ACC 
oxidaseoxidase. Significant delay in ripening. So, quantitative . Significant delay in ripening. So, quantitative 
correlation between ethylene and ripening ratecorrelation between ethylene and ripening rate

•• Non Non -- climacteric climacteric -- e.g. citrus, strawberries, grapes Don't e.g. citrus, strawberries, grapes Don't 
exhibit increase in respiration or C2H4 exhibit increase in respiration or C2H4 

•• Activity of Alcohol Activity of Alcohol dehydrogenasedehydrogenase implicatedimplicated
•• Cannot manipulate ripening as clearlyCannot manipulate ripening as clearly





Respiration rates in Respiration rates in 
climacteric vs. nonclimacteric vs. non--
climacteric fruitsclimacteric fruits



Delay of ripening in Delay of ripening in 
nonnon--climacteric grapeclimacteric grape
berries by application of berries by application of 
synthetic auxin BTOA synthetic auxin BTOA 
(benzothiazole(benzothiazole--22--
oxyacetic acid)oxyacetic acid)



Mechanism of ripening in nonMechanism of ripening in non--
climacteric strawberryclimacteric strawberry

•• Combining the expression data from six different Combining the expression data from six different 
microarray experiments resulted in three major microarray experiments resulted in three major 
findings in relation to: findings in relation to: 

•• (a) a novel yet uncharacterized ripening process in (a) a novel yet uncharacterized ripening process in 
strawberry namely the development of the strawberry namely the development of the 
vascular system, vascular system, 

•• (b) the association between ripening(b) the association between ripening--related gene related gene 
expression and oxidative stress response, and expression and oxidative stress response, and 

•• (c) hormone (auxin)(c) hormone (auxin)--dependent and dependent and --independent independent 
processes. processes. 



SenescenceSenescence

•• Terminal, irreversible deterioration of tissueTerminal, irreversible deterioration of tissue
•• Partial Partial -- annual leaf and reproductive organ abscissionannual leaf and reproductive organ abscission
•• Complete Complete -- annuals or biennials after reproductionannuals or biennials after reproduction
•• -- Aging processAging process
•• -- Chlorophyll breakdownChlorophyll breakdown
•• -- N remobilized into perennial parts N remobilized into perennial parts -- 25 to 69% of N 25 to 69% of N 

(protein, chlorophyll, amino acids) in leaves is remobilized.  (protein, chlorophyll, amino acids) in leaves is remobilized.  
Much from Rubisco, which comprises 40% of leaf protein.Much from Rubisco, which comprises 40% of leaf protein.

•• -- Photosynthesis and respiration decreasePhotosynthesis and respiration decrease
•• -- Abscission layer formsAbscission layer forms



Decline in Chlorophyll concentration for 'Golden Delicious' applDecline in Chlorophyll concentration for 'Golden Delicious' apple fruit following e fruit following 
removal from refrigerated airremoval from refrigerated air--storage for 2 months. Fruits were held in air at 23(C for storage for 2 months. Fruits were held in air at 23(C for 
22 days. Each data point is an average of 5 samples. 22 days. Each data point is an average of 5 samples. 
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