
3rd Lecture: Physiology

Water loss and their physiological effects
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Ripening: loss of water and respiration
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Development – a series of biological processes from the onset 
of growth to the death of produce.

Growth – an increase in physical characteristics in the 
development of the product. 

Ripening – a special stage in the development of the product in 
which all its characteristics were acquired during growth and 
development in order to reach an optimal harvesting state.



Loss of water of ripe fruits

Number one factor in the physiological decline of 

produce in prolonged storage
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A nanostructural view of the cell wall disassembly process during fruit ripening and postharvest 

storage by atomic force microscopy

Sara Poséa, Candelas Paniaguaa,1, Antonio J. Matasa, A. Patrick Gunningb, Victor J. Morrisb, Miguel A. Quesadac, José A. 

Mercadoa
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Have you ever seen anything like this in your life?



Water loss is

Number one factor in the physiological decline of produce in 

prolonged storage

This include:
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• Water loss of the product during harvest and storage
• Weight loss of the product during the selling period
• External quality  decline 
• Internal quality decline (flexibility)
• Decline in the nutritional components

Small fruits have an increased surface area relative to 
their volume, so they tend to lose more weight
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The transfer of water from the fruit to environment



The transfer of water from the fruit to the environment

3 .The cell membrane (plasma membrane, lipid 

phase).

Osmotic passage through the lipids and proteins 

in the membrane. Accelerated transition through 

aquaporins

2. Cell wall: 

Passage through the cellulose 

mesh

Main barriers to the passage of water from the fruit to the environment:
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1. The cuticle: 
Consists of cutine and wax. There 
is lipophilic and hydrophilic 
barriers
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In the cell membrane: the lipid layer of the cell membrane is a significant barrier to 
water transfer. Through the membrane there is also an accelerated and selective 
passage of water in the channels for water (Aquaporins) conduction. The rate at which 
water passes through the cell membrane depends on the structure of the channel, the 
number of channels located in the membrane and their control mechanism.

The cell wall is a mechanical barrier for water molecules determined by the size and 
density of pores found between cellular molecules. The cell wall plays a crucial role in 
maintaining the cell turgor and growth processes and development of the cell wall are 
related to the softening of the fruit. 

The cutin layer surrounding the fruit is the last barrier the water needs to pass before it 
moves out of the fruit. The cutin layer consists mainly of long-chain fatty acids and 
other macromolecules. The wax layer above the cutin consists of different types of fats

The passage of water from the fruit to the external environment is 

delayed by three main structural barriers:
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A. The lipophilic transition: The water molecules that are small and not charged 
can pass through the fat cuticle. The condensed waxes within the cutin layer 
determine the length of the transport  that the water molecules undergo, and 
consequently the rate of exit into the atmosphere.

B. The hydrophilic passage: The passage of water through the cuticle is also 
carried out through hydrophilic components. Polar passages generated due to the 
hydrophilic components combined in the cutin layer.

The passage of water from the fruit 

through the cuticle to the external 

environment is affected by two way of 

water transition:
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Pose et al. - Trends in Food Science & Technology 87 (2019) 47–58



Factors that contribute to water loss
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• Genetic factors: 
Cultivars

• Environmental factors: 
Temperature, 
Relative humidity 

• Anatomical factors: 
Stomata
Surface area (leaf vs. fruit)
Wounds 
Harvesting conditions
Ripening stage



CultivarOriginLoss of water from mg/cm2Level

CsokroHungary3.13aHigh

PCRCzechoslovakia2.74bHigh

TurkeyTurkey0.97cMedium

Pimento perfectoCanada0.83cMedium

Early bell 400USA0.66dMedium

California wonderUSA0.55eMedium

Doux d’EspagnaFrance0.44fLow

Golden CrestHolland0.40f Low

AC2196Holland0.38וgLow

Dulce italianoSpain0.32gLow

Genetic factors 
Effect of storage at 20 C during 5 days on the rate of water loss by different pepper 

varieties
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Identify QTLs that control the loss of water in pepper fruit in the BC2 
population (backcrossed populations)
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Quantitative trait locus mapping

LOD score: Test to compare the likelihood that 
two loci are linked, vs. the likelihood that the 
two loci are unlinked.

http://s617.photobucket.com/albums/tt260/vrtlaricaana/2010/?action=view&current=ljutepaprike.jpg
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Average lines with low 

water loss value

(Donor-NILs)

Average lines with 

high water loss value

(Recurrent-NILs)

Percentage 

of difference 

between 

near-isogenic 

lines

Loss of water from 

red fruit (mg/cm2)
21.6340.03 **46

Loss of water from 

green fruit (mg/cm2)
19.1533.39 *43

* =0.05≥P

** =0.001≥P

Water loss from the fruit is partially determined 
before ripening
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USAD162 / 

PI 1154

'PI 1154'

Mean +SE

'USDA 162'

Mean +SE

0.4116.5  ± 1.452.4  ± 0.1
Water Loss after 5 days 

(mg/cm2)

0.654.6  ± 14.131.3  ± 3.0Fatty Acids

0.1409.3  ± 1031.4  ± 2.8Terpenoids/Sterols

0.442.4  ± 1.316.4 ± 1.8Alkanols

0.33.6  ± 0.041.1 ± 0.2Alkenols

0.3632.4  ± 16.1215.4 ± 14.1
Total wax

(ug/dm2)

0.311.4 ± 0.33.4  ± 0.916 dioic

5.150.8 ± 27.3260.9  ±16.418-OH 18:0

0.319.9 ± 0.76.3  ± 0.79,18di-OH

0.294.5 ± 5.221.1 ± 2.2epoxyω-OH

0.319.6 ± 5.36.6  ± 0.518:1 epoxy

0.61196.7 ± 1.8764.3 ± 55.3
Total cutin

(mg/cm2)

Genetics
The composition of the wax in the cuticle is related to the loss of water from the the near-isogen lines
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Importance of the Relative 

Humidity
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The induced factorWater loss (%)

Increase of respiration and ethylene 
production

1

Enhanced senescence1

Increase of chilling injury2

Effect of cell membranes3

Reduction of  vitamins and aroma4

Reduction of color and softening5

Texture changes6
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The relation between 
water loss and 

respiration of fruit



Effect of temperature on water loss from cherry tomatoes
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Effect of temperature and plastic wrapping on weight loss
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Water losses in pomegranate stored with and without plastic wrapping ( increase 
humidity) at 8 and 24 C

24 C

8 C

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCNLTvZHsgscCFYGRFAod2sUEyA&url=http://aces.nmsu.edu/pubs/_h/H235/welcome.html&ei=DBe6VdKdEoGjUtqLk8AM&bvm=bv.99028883,d.d24&psig=AFQjCNF9AOyk0TTAZaextCMY5EpsBclSFw&ust=1438345300813751


95% 80% 65%

Effect of moisture on pomegranate quality in prolonged storage
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Foggers



Percent of weigh loss

80%RH85%RH90%RH95%RHTemperatureProduct

0.0440.0330.0220.0110 CApples

6.4204.8403.2201.6100 CChinese cabbage

0.2330.1750.1160.0580 Ccabbage

1.2600.9450.6300.3150 CCarrot

0.1280.0960.0640.0360 CGrapes

0.6000.450.3000.1500 CPeaches

0.0720.0540.0360.0180 CPears

0.2820.2110.1410.0706 CPotato without curing

0.0840.0630.0420.0216 CPotato with curing

0.2400.1800.1190.0608C Tomato

Effect of moisture during storage on the daily percentage of weight  loss

26
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Effect of ripening on weight loss



~80-85%
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Peppers at various ripening conditions and their effect on water loss



Rate of water loss from fruit harvested in various ripening 
conditions (red strain 7158)

Water loss (mg/cm2 per h)Ripening stage

0.51cMature ripe

0.53bc40-50%Red color

0.56b75-80%Red color

0.65a95-100%Red color

30
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Different stem length
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Effect of the full of cut stem on water loss

Fruit color

Red                 Yellow             Green

W
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Long

Short



6:30

13:00

10:30

Impact of harvesting time on water loss in mint
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Level of the photosynthetic 
metabolites: higher sugar 
content after morning 
hours



Curing

Potato: 12-14 C for 5 days at 95% RH
Sweet potato : 32 C for 5 days in 95% humidity
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http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRxqFQoTCMHC2dbI1ccCFUzvFAodwu8EGw&url=http://bonnieplants.com/product/beauregard-sweet-potato/&ei=8HXlVcGKBMzeU8Lfk9gB&psig=AFQjCNHgmtH8gOKM9g-8A4_gzQIzRJWT4g&ust=1441187343425253
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https://thumbs.dreamstime.com/videothumb_large13664/136645079.mp4
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Kenyan farmers

Curing in Europe



Storage England



Airation 

tubes
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Schipper 1971 Amer. Potato.J.

Effect of curing period at 10 C for 4-16 days on 
weight loss of potatoes stored at 5 C



Stem end bruises and their effect on water loss
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42



43
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Summary



Ways to reduce the rate of water loss (summary)
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• Low temperatures
• Harvesting correctly and in optimal 

ripening mode
• Storage at high humidity (90% to 95%) 

(Except for dry onions and garlic – 70%)
• Prevention of wounding by curing,
• Waxing
• Use of edible coatings
• Packaging



Importance of the Relative 

Humidity in secondary 

induced process

47

The induced factorWater loss (%)

Increase of respiration and ethylene 
production

1

Enhanced senescence1

Increase of chilling injury2

Effect of cell membranes3

Reduction of vitamins and aroma4

Reduction of color and softening5

Texture changes6


