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Harvesting at the correct maturity Is

key to satisfying quality expectations.

Maturity Indices = Harvest Indices



Post-harvest procedures

[ Harvesting ]




Development

Early stage of development

Mid stage of development

Late stage of development
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Figure 11.3 A great number of complex process are intergrated in space and time during seed developmnet
and fruit growth and shown here schematically. In broad terms, embryo differentiation and seed
development are already well advanced as pericarp enlargement gets underway, and seed maturation usually
precedes onset of ripening; consequently fruits ingested prematurely still represent vehicles for seed
dispersal. A phase of carbohvdrate accumulation during fruit maturation gives way to starch hydrolosis and
sugar storage during maturation, accompanied by a peak in ethylene output and respiratory activity as fruits

ripen.

(Original diagram courtesy L.B. Ferguson)
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PHYSIOLOGICAL
MATURITY
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ORGANOLEPTIC QUALITY

ﬁ
oy

DEVELOPMENT COMMERCIAL MATURITY OVERMATURE
(NON-EDIBLE)

Figure 3: Organoleptic quality of a fruit in relationship to its ripening stage.



Terminology

The stage of development when a plant part
will continue development even if detached;
mature fruits

The stage of development when a plant part
possesses the necessary characteristics for
use by consumers
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Physiological
Maturity

FRUITS
m |Immature

m Mature
m Ripening
m Ripe

m Overripe

Horticultural
Maturity

VEGETABLES

m Immature
m Mature
m Overmature
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-Days from full bloom (DFFB)

- Days from Fruit set (DFFS)

- Heat units

- Electronic nose

- Near-infrared (NIR) spectroscopy

- Ultrasonic waves

- Acoustic resonance spectroscopy

- Magnetic resonance imaging (MRI)



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).



Maturity Indices for Fruits Harvesting and Specifications for Processing

Fruit Harvest Specifications for Processing
Apple 140-150 days from the bloom, Sauce and canned products (maximum shear press
starch content values of 3.1-3.3 kN for slices, minimum S5 of 105
for sauce)
Apricot ¥ of the area of the fruit should Canning (full flavor)
have yellowish green or Y2 yellow Drying (full flavor and ripening)
Banana Pulp-to-peel ratio of 1.35-1.4, or Banana puree (complete disappearance of
disappearances of angularity, color angularity and full flavor, and flesh appears
translucent)
Grapes 14%5—17.5% SS, or S5/A of 20 or higher White wine fermentation (pH 3.1-3.3, TA 0.7-0.9,
Brix 19-22 "B). red wine fermentation
(pH 3.3-3.6, TA 0.6-0.8, Brix 21-23.5°B)
Orange SS5/A of 8 Minimum juice content of 30%—35%,
frozen juice concentrate (12.5-19.5 55/A)
Pear >13% 5SS and yellowish-green color Canning (full flavor and firmness measured to
66.7-75.6 N)
Mango Change of peel color from green Canning (full flavor and total sugar/soluble solids
to yellow ratio close to 1)
Strawberries =2/3 of fruit surface has pink or red color Freezing (firmness equivalent to 10—15 N force)




Harvest Maturity Indices for Vegetables and Specifications for Processing

Vegetable Harvest Specifications for Processing
Broccoli Compact bud cluster
Cabbage Compact head Saverkraut (mild flavored, sweet, solid white

head, sugar =2%, ascorbic acid 3060 mg/100 g)

Carrot Crispy and long enough Canning (tender texture)
Juicing (juice yield and sugars =6 °B)

Cauliflower Compact curd
Cucumber Size and tenderness Pickles (ripe with sugar content of 1.5%—2.5%)
Eggplant Desirable size and tenderness
Lettuce Desirable size before flowering
Okra Desirable size and tips snap off easily Canning (small, young, and tender)
Olives Straw yellow to cherry red Pickling (slightly less mature, size, color)
Onion Tops beginning to dry Drying (high solids content)
Peas Well-filled pods that snap easily Canning (13.4% AIS, tenderometer reading of 115-125)
Freezing (13.4% AIS, tenderometer reading of 95-105)
Drying (9%—11% AIS, tenderometer reading of §85-95)
Potato Tops beginning to dry Chips (dry matter of 21%—24%, specific gravity
(>1.075), <<1.5% sugar)
French fries (specific gravity of 1.08-1.12,
<0.3% reducing sugar), frozen chips
(total solids 20-22%, <0.2%)
Canning (whole tubers of 19-38 mm size,
specific gravity of <<1.08)
Dehydrated diced potatoes (specific gravity of 1.1)
Starch manufacture (minimum of 15% starch)
Sweet corn Milky sap oozing upon pressing Canning (slightly immature kernels)

Tomato Seeds slip upon cutting the fruit Most processed products (5SS = 5%)




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).






Source: Adel Kader, 2002




Source: Adel Kader , 2002




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
should 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



" 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



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/
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Mature-green and Breaker Stages

Checkerboarding



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.
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(Valente, 2009)

(a) side view

¥






Figure 6.1 Immature (left) and mature (right) mango fruit, as shown by shoulder development and
fullness of the cheeks. Source: Brecht et al. (2014), with permission.



Table 5: Maturity Standards for Harvest of Alphonso

and Pairl Mangoes
Physical and T . Maturity Growp
Chamical Factors R
Owvear Physiolo- Physiolo-  Physiolo-
Mature gicaily gically gically
Mature immature Immalure
and Undar
Siza
- . A a8 c o
1. Walght {g) _ =320 30020 250220 =225
2. Specific gravity =1.02 1.01-1.02 1.0-1.01 <1.0
3. T.5.5 (par cent) =10 Ba1 T+1 <8.0
4, Acidity (%% as 3.2 3.5+0.2 3.0=0.2 |
malic acid)
5. Tolsl carotanod =800 eD0-800  400-800 <400
(miécrogram) |
8. "AlS (par cent) =12.5 115125 115125 <1 EI'E _

* Alcohol insoluble solids.

(Jacob john, 2008)
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Mango maturity indices
Fullness of shoulders
Internal and external color
Lenticels and hairs on pit
Starch content; specific gravity






Flesh firmness
Ripeness [p?unds-fn.n:e [lI?f] Notes
stage with 5/16 inch tip
penetrometer)
Mature Treat with ethylene for
» 14
green 48 hours
] ] Treat with ethylene for
| Partially ripe 10-14 34 hours
Firm ripe 6-10 Best Etag.e to send to
retail stores
Softripe £-6 Best stage for eating
Overripe ¢ 2 Good for juice

YA

RS1 RS2 RS3 RS4

Fig. 1. Four selected ripeness stages (RS)in mango (Mangifera indica L, cv. Ataulfo).
RS1, representing mango with yellow surface area of 0-10%; RS2, 20-30%; RS3,
70-80% and RS4, 100% yellow color.




Figure 6.2 Internal flesh color development stages (1 to 5, left to right) in Tommy Atkins mango fruit.
Source: Brecht et al. (2014), with permission.
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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









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
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Pineapple Stored at 7°C (44°F) %S it ,:,

Maturity % Soluble solids
days 0 7 14 21
Shipping green 6.9 8.4 8.0 8.5
Ya color 13:6 13.6 |137 |12.2
2 color 13.6 14.0 |13.8 |12.7
Full color 15.4 15.0 |14.2 |12.6




Mangosteen and eating
Quality—maturity issues




PRATT'S

BANANAS

COLOUR CHART

SH PRATT & CO
(BANANAS) LTD

LAPORTE WAY
LUTON
BEDS
LU4 BEN
TEL: 01582 436500
FAX: 01582 436520

4. MORE YELLOW THAN
GREEN

1. ALL GREEN

5. YELLOW WITH A TRACE
OF GREEN

2. GREEN WITH A TRACE
OF YELLOW

3. MORE GREEN THAN
YELLOW

7. ALL YELLOW WITH
BROWN SPECKLES




Figure 10.2

Ripening scale of ‘Cavendish’
banana (Musa acuminata, var
Williams). The plates show the
changes in colour of a single banana
at 20°C at daily intervals: Day 0,
initial colour before application of
ethylene at 100 uL/L for 24 hours;
Day 1, colour immediately follow-
ing treatment with ethylene; Days
2-9, the progressive yellowing of
the fruit. Soluble solids concentra-
tion reached a maximum in compa-
rable fruit at about day 8. Ripe fruit
spots did not appear until day 9.







A  Hanabauk Kimri Khalal  Rutab Tamr

(1-5 weeks from (next 9-14 (next 6 (next4 (last two
pollination) weeks) weeks) weeks) weeks)
0 15 45 75 105 120 135 150 *DPP
B Seed Epicarp Mesoca
b p ndoca
(kernel, pit) (skin) (pulp) e

(A) Different ripening stages of date palm fruit showing the three edible stages of the fruit Khalal, Rutab, and Tamr. (B) The anatomy of the date fruit at Tamr stage showing the epicarp, mesocarp,
endocarp, and seed. (Source: Ghnimi et al [2]). *DPP = days post-pollination



F1 F2 F3

Fee

F4 Fg| Fé F7
75 105 120 135

Days Post Pollination

0 15 45

Fig. 44.3 The ripening stages of a date fruit by days post-pollination (Yin et al. 2012)

150

The development of the fruit is classified into five stages using Arabic terms:

Hababouk, Kimri (also known as Khimri or Jimri), Khalal (also known as Balah or
Bisr), Rutab and Tamr (or Tamar).

Hababaouk: is the week of female pollination. The Hababaouk stage starts after
fertilization and is characterized by the loss of two unfertilized carpels. This
stage is sometimes included in the next stage. The color of the fruit at this stage
is creamy to light green (F1, Fig. 44.3).

Kemri: is the immature green stage, characterized by high water content and a
rapid gain in fruit weight and size. This stage lasts about 9 weeks depending on
cultivar and location (F2, Fig. 44.3).

Beser: the fruit is physiologically mature; it lasts about 4-5 weeks, and results in
a slight decrease in fruit weight and size, as well as starch content. The color of
the fruit changes from green to yellow, pink or red, or yellow spotted with red,
depending on cultivar, the moisture decreases to 50-60% and sugar content
increases (F5 and F6, Fig. 44.3).

Rutab: the fruit softens, changes color to light brown, and starts to lose weight
and accumulates more sugars (mainly reducing sugars). The fruit loss moisture
(moisture level of 35-40%) (F7, Fig. 44.3).

Tamar: The Tamar is the fully-ripe stage of development, loses more moisture
and gains more sugars, thus attaining a high sugar-to-water ratio (depending on
cultivar). Most dates are harvested at the Tamar stage, when the fruit has about

60—-80% sugar content, depending on location and cultivar; color darkens, which
is also marked by low moisture content (10-25%). At this stage, fruit can be
harvested soft, semi-dry or dry depending on destination and use. This stage lasts
2—4 weeks and the dates are appropriate for long-term dry storage or processing.
Dates can also develop parthenocarpically if not pollinated. However, these fruits
will not undergo the five stages described above and will not reach full develop-
ment (F8, Fig. 44.3) (Al-Khalifah et al. 2014; Lobo et al. 2014).



The development of the fruit is classified into five stages using Arabic terms:

Hababouk, Kimri (also known as Khimri or Jimri), Khalal (also known as Balah or
Bisr), Rutab and Tamr (or Tamar).

Hababaouk: is the week of female pollination. The Hababaouk stage starts after
fertilization and is characterized by the loss of two unfertilized carpels. This
stage is sometimes included in the next stage. The color of the fruit at this stage
is creamy to light green (F1, Fig. 44.3).

Kemri: is the immature green stage, characterized by high water content and a
rapid gain in fruit weight and size. This stage lasts about 9 weeks depending on
cultivar and location (F2, Fig. 44.3).

Beser: the fruit is physiologically mature; it lasts about 4-5 weeks, and results in
a slight decrease in fruit weight and size, as well as starch content. The color of
the fruit changes from green to yellow, pink or red, or yellow spotted with red,
depending on cultivar, the moisture decreases to 50—60% and sugar content
increases (F5 and Fé6, Fig. 44.3).

Rutab: the fruit softens, changes color to light brown, and starts to lose weight
and accumulates more sugars (mainly reducing sugars). The fruit loss moisture
(moisture level of 35—40%) (F7, Fig. 44.3).

Tamar: The Tamar is the fully-ripe stage of development, loses more moisture
and gains more sugars, thus attaining a high sugar-to-water ratio (depending on
cultivar). Most dates are harvested at the Tamar stage, when the fruit has about

60—80% sugar content, depending on location and cultivar; color darkens, which
is also marked by low moisture content (10-25%). At this stage. fruit can be
harvested soft, semi-dry or dry depending on destination and use. This stage lasts
2—4 weeks and the dates are appropriate for long-term dry storage or processing.
Dates can also develop parthenocarpically if not pollinated. However, these fruits
will not undergo the five stages described above and will not reach full develop-
ment (F8, Fig. 44.3) (Al-Khalifah et al. 2014; Lobo et al. 2014).
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Fig. 44.3 The ripening stages of a date fruit by days post-pollination (Yin et al. 2012)
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Figure 3. Visual aspect of representative Maradol papaya fruit at each maturity stage. G: green
skin without yellow stripe: 1: green skin with light yellow stripe: 2: green skin with well-
defined yellow stripe; 3: one or more orange-colored stripes in skin; 4: clearly orange-colored
skin with some light green areas: 5: characteristic orange-colored skin of Maradol papaya: 6:
fruit color similar to stage 5, but more intense.



Some cherry varieties have a ground colour that changes when fruit reachesmaximum development.



FIG. 5.10 Size and color relation in sweet
cherries (Guneyli and Onursal, 2014).

Optimal harvest







