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-Days from full bloom (DFFB)
- Days from Fruit set (DFFS)

- Heat units

- Electronic nose







Table 6.1. Maturity indices for selected fruits and vegetables

Index

Examples

Elapsed days from full bloom to harvest

Apples, pears

Mean heat units during development

Peas, apples, sweet com

Deveiopment of abscission layer

- Some melons, apples, feijoas

Surface morphology and structure

Cuticle formation on grapes,
tomatoes

Netting of some melons

Gloss of some fruits (develop-
ment of wax)

- Size - - : = All fruits and many vegetables
Specific gravity Cherries, watermelons, potatoes
S-i:;;;e—- ot Angularity of banana fingers

Full cheeks of mangoes

- Compactness of broccoli and

cauliflower

Lettuce, cabbage, Brussels sprouts




Textural properties:

Frmness Apples, pears, stone fruits
Tendemess o ; }eas
Ei;emal color Al fruits and most veéetables |
Intemal color and structure— . R Formation of jellylike material
in tomato fruits

~ Flesh color of some fruits

— - —

Composmonal factors:

T R SRS A e am L et | §et— ot & —————— - ——t e e - . — ——— — - - —

Starch content Apples, pears
Sugar content  Apples, pears, stone fruits, grapes
Acid content, sugar.l_acid"ratio Po-megranates. Citrus, papaya,
melons, kiwifruit
Juice content Citrus fruits
Oil content A:/;)C:E“ gk
“As?r;;ge—rwcy (tanmn con.f;r;)——._’“ Persnmtﬁé;s: date; M eyt g
Intermal ethylene concentration Apples, pears

Source: Adel Kader, 2002



Table 3 Selected Maturity Indicators for Several Fruit Commodities

Commodity Maturity indicator

Grapes Sugar accumulation, loss of acids, berry softening, skin coloration, ripening with
varietal flavor/odor development.

Apple Skin and flesh color, flesh firmness. sugars (soluble solids), acid, starch, days
from full bloom to harvest.

Pear Flesh firmness (important), ease of spur separation, days from full bloom (indices

vary with variety). Harvested hard-green, ripened off the tree; color, texture,
sweetness, typical varietal flavor development.

Citrus Fruit color, taste (both termed unreliable). soluble solids. Soluble sohids/acid ratio.

Cherries Color change light red to black, soluble solids to 18%—-22%, flesh firmness, light
fransmission properties.

Peach Days after full bloom, size, irmness, ground color, sugars, acidity, starch.

Apricot Dependent on intended purpose (fresh market, canning, etc.), soluble solids, flesh

firmness, light transmission properties.

Bluebermes  Freedom from injury and decay, plump. firm, uniformly blue color. Green or red
ndicator of immaturity (unripeness), soft texture may be indicator of overma-
turity.

Strawberry  Fully red/at least 3/4 of berry surface red or pink.

Source: Adapted from Salunkhe and Kadam (1995).



Table 4 Selected Maturity Indicators for Several Vegetable Commodities

Commodity Maturity indicator

Potatoes 90-120 Days after planting

Tomatoes Many possible maturities: mature green, pink, red, etc., see grade stan-
dards

Peppers Color (green, red. yellow), smooth blocky shape, susceptible to chill-
g injury below 7°C

Peas Accumulated heat unmits, alcohol insoluble solid (AIS), tenderness, size

Beans 14=18 Days from full bloom, size, fibrousness

Bean sprouts
Onion

Carrot
Radish
Cabbage
Cauliflower
Broccoli
Sweet corn
Muskmelon

Length, color

Top bending, size

Size and color suitability for intended use, e.g., baby carrots

Size and cleanliness: suitability for use

Head firmness, appropriate color (green, purple), size

Size, curds tight and compact, color

Firm head. closed florets, color, shape, lack of yellowing

Sugar content (refractometer or equivalent)

Distinct odor, ethylene development, soluble solids, skin ground color

Source: Adapted from Nonnecke {1989).



Table 6.1. Maturity indices for selected fruits and vegetables

Index

Examples

Elapsed days from full bloom to harvest

Apples, pears

Mean heat units during development

Development of abscission layer

Peas, apples, sweet com

" Some melons, apples, feijoas

Surface morphology and structure

Cuticle formation on grapes,
tomatoes

Netting of some melons
Gloss of some fruits (develop-
ment of wax)

Internal color and structure

Composmonal factors:

Starch content

Sugar content

Acid content, sugar/acid ratio

SRR e All fruits and many vegetables
S_piuf C gr?vny Cherries, watermelons, potatoes
Shape Angularity of banana fingers

Full cheeks of mangoes
Compactness of broccoli and
cauliflower
Solidity Lettuce, cabbage, Brussels sprouts
Textural properties: ‘
Firmness Apples, pears, stone fruits
Tendemess Peas
External color Al fruits and most vegetables ;

Fonnauon of jellylike material
in tomato fruits

Flesh color of some fruits

Apples pears

Apples, pears, stone fruits, grapes

Pomegranates, citrus, papaya,
melons, kiwifruit

Juice content

Citrus fruits

Oil content

Asmngency (tanmn contem)

Intemal ethylene concentration

Avocados

PerslmmonS. dates

Apples, pears
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Table 6.2. Methods of maturity determination

"[_” 1 MNom |
 Index Method of determination . Subjective | Objective | Destructive t destructive | -
{ Elapsed days from Computation ; x x
full bloom
Mean heat units Computation from weather data x X
Development of Visual or force of separation "X x
abscission layer
Surface structure Visual | x
Size ‘ | Various measuring devices, weight : X .
Specific gravity Density gradient solutions, ] x : % ;
flotation techniques, vol/wt | ; <
Shape Dimensions, ratio charts gl . e i 2 i :
Solidity Feel, bulk density, gamma rays, | x i " b
- | | e
Textural properties: :
Firmness Firmness testers, deformation % o
Tenderness Tenderometer " ol

Source: Adel Kader, 2002



Toughness

Texturometer, fibrometer (also:
chemical methods for deter-
mination of polysaccharides)

— ——

Color, external

Light reflectance
Visual color charts

Color, intemal

Light transmittance, delayed
light emission
Visual examination

Compositional factors:

e el ' e i . 505

Dry matter

Sampling, drying

Starch content

K| test, other chemical tests

— e ————

Sugar content

Hand refractometer, chemical tests

Acid content ___ __

Titration, chemical tests

Juice content

Extraction

Oil content

Extraction, chemical tests

Tannin content

| Ferric chioride test

| Internal ethylene

——

| Gas chromatography

Source: Adel Kader , 2002
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Maturity Indices
Requirements for establishing

m Simple, easy to carry out

m Objective vs subjective indicators
m Related to quality

m Related to storage life

m |[nexpensive



CHARACTERISTICS OF A MATURITY
INDEX
Maturity measures made by producers, han-
dlers, and quality control personnel must be
simple, readily performed in the field or
orchard, and require relatively inexpensive
equipment. The index should preferably be
objective (a measurement) rather than sub-
Jective (an evaluation). The index must con-
sistently relate to the quality and postharvest
life of the commodity for all growers, dis-

tricts, and years. If possible, the index
shgt_xld be nondestructive.



Use of Maturity Indices
Limitations

m Soil conditions, nutrition, irrigation
m Season, climate

m Position on the plant

m Pruning, other cultural practices
m Varieties



Predicting Maturity

m Days from planting to harvest
m Progressive changes in size, composition

m Difficult to do; need new tools and methods
Nondestructive firmness measurement, fruits
Chlorophyll fluorescence, broccoli; green tissues
NIR spectroscopy, sugar concentration in melon
MR imaging constituents, internal defects



Harvest Maturity for Fruits: A balancing Act

Too often we err on the side of shelf-life atthe expense of good eating quality




" A |
Indicators of Harvest Maturity

APPLES

m Days from full bloom
m [ime/temp (heat units) from anthesis

m Days from harvest to onset of ethylene K&
production '

m Ground color
{ m Soluble solids content (SSC)

m Flesh firmness and SSC

m Starch disappearance pattern
m Internal ethylene concentration

m Changes in firmness or starch content
Streif Index considers starch, sugar, firmness



Golden Delicious at Retail Market: How is the maturity in this box?
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Fig. 4 Starch test guide for harvesting British Columbia McIntosh apples. (From Lau, 1995.)



Starch stains dark when fruit cross sections are dipped in an iodine solution. Percentage of starch disappearance can be used as a maturity index in
apples (Reproduced from Ctifl, 1993).
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Fig. 6 Changes in starch (solid line) and soluble solids concentration from flowering until end
of storage. (From Richardson et al., 1997).



Pear Maturity Indices

» Days After Full Bloom (DAFB)
* Firmness

* Fruit Appearance
* Other Methods




Composition of Ripe Strawberry
Harvested at different stages.

Held at 70°F (21°C) to complete color change.

Maturity % SS | % Acid | Ratio
25% color 4.28 0.80 5.35
50% color 4.56 0.79 5.77
75% color 4.98 0.68 7.32
100% color 5.48 0.59 9.28
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Strawberries must
be picked fully-ripe
because they do not
continue to ripen

Maturity and Ripeness Stages
[ of Strawberries

ter harvest.

d




Peppers
Size
Color

Firmness
Seed development

Tomato

External and Internal color
Development of locules (jelly)
Firmness

Size

Development of cuticle



Degree of ripening in bell pepper. As with other non-climacteric fruits, ripening does not follow after harvest.



Figure 2: Physiological maturity in bell pepper is reached when seeds become hardand the internal cavity of fruit starts colouring.



European Color Chart Tomatoes

A

Maturity & Ripening Stages

GREEN The tomato surface is completely ¢
shade of green may vary from light to dark.

BREAKERS There 1s a definite break of co
bruised fruit tannish-yellow, pink or red or |
tomato surface.

TURNING Tannish-yellow, pink or red color shows on over
10% but not more than 30% of the tomato surface.

PINK Pink or red color shows on over 30%
but not more than 90% of the tomato surface.

LIGHT RED Pinkish-red or red color shows on over 60%
but red color covers not more than 90% of the tomato surface

RED Red means that more than 90% of the tomato
surface, in aggregate, is red

http://www.tomato.org/
http://www.floridatomatoes.org/



Cell
division
— Ripening
Maturation

.

Cell
expansion
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s Senescence
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Mature-green and Breaker Stages

Checkerboarding



Ripe Grape Tomato

Initial Weight Soluble | Titratable Red Firmness,
Maturity | per fruit, solids, acidity, color, N force
Stage g % % hue
3 4.9 5.9 0.59 35.8 11.5
4 - H § 6.7 0.68 36.3 13.6
5 5.9 7.5 0.67 % ¥ 57 4 13T

* %

%* %

*%

* %




STAGE 1 STAGE 2

GREEN. ‘ ‘ BREAKER.

STAGE 3 STAGE 4
TURNING. . PINK

STAGE 5 STAGE 6
LIGHT RED . . RED

Figure 10.4 STAGE 7

Tomato colour chart. Individual fruit ripened
at 20°C were photographed daily. Stage 2,
day 2 of the climacteric rise in respiration and
ethylene production coincides with colour
stage 2 (breaker). Stage 6, tomatoes reach an
overall red stage 4 days from the breaker
stage. At least 2 more days of ripening are
required for the fruit to develop full flavour.
SOURCE W.B. McGlasson, B.B. Beattie and
E.E. Kavanagh (1985) Tomato ripening
guide, Agfact, H8.4.5, NSW Department of
Agriculture.




System 1 Transition to System 2
Pre-climacteric climacteric Climacteric

‘Q ! . .
| . !

Figure 2. Fruit ripening mutants of tomato. From lelt to right, ripe fruit of wild type (cultivar Ailsa Craig) and near
isogenic lines homozygous for the ripening-inhibitor (rin), non-ripening (nor), Never-ripe (Nr), and Green-ripe (Gr) loci. Note
association of the macrocalyx (mc) (large sepal) phenotype with the rin mutation. The rin and nor loci act upstream in the
ripening regulatory pathway and are required for system 2 ethylene synthesis during fruit ripening. The nonripening
phenotypes of Nr and Gr are caused by reduced ethylene responsiveness (see text for details).
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== Fruit begins to separate

from stem The “slip” is a very
useful attribute &

applicable to old &
m External color between new cantaloupe

net varieties

m Net well developed with

wax PRS0 s R
4% o LA
A4 '-.'ilil]_ -‘-'..1

= Subtending leaf dries up T AR Ty T R
m Internal color, firmness, . W)
soluble solids B A RN S

m Abscission zone; “slip”




Honeydew and other melons
are more difficult to harvest at

the proper stage of ripeness



Beans

Size

Seed development
Summer Squash
Cucumber

Size
External color

Immature fruit vegetables: very rapidly developing and changing
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FRUIT WEIGHT -Groms

i1 2 3 4 5 67T 8 9
DAYS AFTER FULL BLOOM
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Harvest Maturity




Onions/Garlic

Size

Drying and collapse of the “neck”
Drying of leaf scales

Potatoes

Death of the plant

Size of tubers

Starch content; specific gravity
Periderm development



Maturity Indices
Bulb Onions




Asparagus
Size
Apex closed

Broccoli/Cauliflower
Size
Florets closed

Carrot
Size

Lettuce, head
Size
Firmness, solidity
Flavor-sweetness, bitterness

Lettuce, Romaine
Size
Number of leaves









