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Rational

 Internal browning (IB) of Cripps’ Pink apples is a
worldwide tendency

 Cost South African industry millions of Rands in revenue

 The types of IB have been verified:

 Radial

 Diffuse

 Combination

 CO2 cavities

 Misshapen fruit



Radial browning



Diffuse browning



Combination browning



CO2 cavities core



CO2 cavities flesh



Misshapen



Rational

 Internal browning (IB) of Cripps’ Pink apples worldwide
tendency

 Has cost the South African industry millions of Rands in revenue

 The types of IB in this cultivar have been verified
(Radial, Diffuse, Combination, CO2 cavities and misshapen fruit
browning)

 Storage regimes have been adapted; fruit stored above 0 °C and
for shorter-term CA storage (max 4-5 months)

 However, longer-term CA storage (7-9 months) still a risk for IB



Risk factors – IB determined by:

Pre-harvest factors:

 Orchard factors

 Seasonal climatic variables

 Harvest maturity

Postharvest factors:

 Cooling rate

 1-MCP application

 CA/ DCA conditions

 Storage temperature

 Storage duration



A possible solution?

 Step cooling has proven to reduce stress on fruit

 This trial tested a successful step cooling regime, in 

conjunction with 1-MCP to reduce IB potential



Materials and methods

Areas: Ceres and Grabouw

Populations: 10 (5 per area)

Harvest maturity: Aimed for 30 - 40% SB

1-MCP: Within 7 days

Cooling regimes: 5 treatments



Ceres (KBV) & Grabouw



Materials and methods

Areas: Ceres and Grabouw

Populations: 10 (5 per area)

Harvest maturity: Aimed for 30 - 40% SB

1-MCP: Within 7 days

Cooling regimes: 5 treatments (to follow) 



Treatments

April
(Harvest)

1-MCP
(7 days)

30 days 30 days 30 days Sept
Jan

(Open 
CA)

T1
(US)

4 °C 3 °C 2 °C 1 °C 1 °C

T2
(US)

3 °C 2 °C 1 °C 1 °C 1 °C

T3
(Comm.)

14 days
2 °C

14 days
1 °C

0.5 °C 1 °C 1 °C

T4
(US)

1 °C 1 °C 1 °C 1 °C 1 °C

T5
(US)

1 °C 1 °C 1 °C 1 °C 1 °C



Examinations

1. Full maturity at time of harvest 

2. After 9 months CA (1.5% O2; 0.5% CO2)

3. After 4 weeks RA at -0.5 °C

4. After 7 days shelf life at 20 °C



What has been learnt?

1. Harvest at optimum maturity

2. Apply 1-MCP

3. Step cool



1. Harvest at optimum maturity



Farm
Firmness 

(kg)

Background 

Colour (Chart 

index)

Blush 

Colour 

Intensity 

(Pl 16) 

Blush 

Colour (%) 
TSS (%) TA (%) Starch (%)

Internal 

Ethylene 

(µL/L)

Ceres 1 8.3 3.2 7.5 62.9 14.5 0.60 65.8 0.9

2 7.4 2.8 5.0 46.7 11.8 0.47 59.6 1.1

3 8.4 2.8 5.7 47.5 12.4 0.57 49.1 0.9

4 7.4 2.6 3.8 42.8 13.6 0.57 52.8 1.3

5 8.4 3.0 6.9 56.3 12.6 0.60 41.8 1.5

Grabouw 1 8.0 3.0 5.3 53.4 12.0 0.52 38.1 0.3

2 8.1 3.2 6.6 57.9 12.6 0.55 35.3 0.5

3 8.8 3.2 5.2 44.0 12.8 0.55 25.2 0.6

4 8.7 3.8 6.2 63.4 12.1 0.68 27.3 0.4

5 8.3 3.1 6.6 55.6 11.9 0.58 30.2 0.6

Maturity at harvest (2017-18 season; Year 1)

NOTE: 

A low risk commercial browning year



Farm
Firmness 

(kg)

Background 

Colour (Chart 

index)

Blush 

Colour 

Intensity 

(Pl 16) 

Blush 

Colour (%) 
TSS (%) TA (%) Starch (%)

Internal 

Ethylene 

(µL/L)

Ceres 1 8.7 3.0 9.1 59.3 14.1 0.77 49.1 0.0

2 8.1 2.9 9.0 48.3 11.8 0.60 53.3 0.0

3 8.4 3.1 10.3 58.8 13.8 0.64 63.3 6.5

4 8.3 2.9 8.3 52.2 12.6 0.54 34.7 0.0

5 8.5 3.0 8.7 54.0 12.4 0.50 42.6 0.0

Grabouw 1 9.2 3.0 7.8 45.9 13.4 0.73 26.5 0.0

2 9.3 2.8 8.1 44.5 14.3 0.65 27.1 0.0

3 8.5 2.6 8.0 44.6 13.7 0.72 25.0 0.0

4 9.1 3.2 9.8 48.1 16.8 0.94 31.2 0.0

5 8.7 3.1 9.3 58.1 14.0 0.81 30.1 0.0

Maturity at harvest (2018-19 season; Year 2)

NOTE: 
A high risk commercial browning year



Farm
Firmness 

(kg)

Background 

Colour (Chart 

index)

Blush 

Colour 

Intensity 

(Pl 16) 

Blush 

Colour (%) 
TSS (%) TA (%) Starch (%)

Internal 

Ethylene 

(µL/L)

Ceres 1 8.6 2.6 5.3 35.1 14.3 0.73 39.0 0.0

2 8.0 2.4 2.6 16.9 12.2 0.64 36.0 0.0

3 7.8 2.4 3.6 28.5 13.2 0.73 33.0 0.0

4 8.3 2.7 5.8 39.3 13.9 0.62 35.0 0.0

5 8.8 2.9 4.7 31.5 12.8 0.53 41.0 3.1

Grabouw 1 8.4 2.3 3.0 19.5 12.2 0.65 39.0 0.0

2 8.6 2.8 5.6 33.4 13.8 0.87 34.0 0.0

3 8.6 2.4 2.9 13.9 12.5 0.62 30.0 0.0

4 8.6 2.6 3.1 15.7 12.5 0.68 39.0 0.0

5 8.6 2.6 2.8 16.5 12.8 0.68 33.0 0.0

Maturity at harvest (2019-20 season; Year 3 )

NOTE: 
A high risk commercial browning year



Farm 2017 2018 2019

Ceres 1 65.8 49.1 39.0

2 59.6 53.3 36.0

3 49.1 63.3 33.0

4 52.8 34.7 35.0

5 41.8 42.6 41.0

Grabouw 1 38.1 26.5 39.0

2 35.3 27.1 34.0

3 25.2 25.0 30.0

4 27.3 31.2 39.0

5 30.2 30.1 33.0

Starch (2017-2019 seasons; Year 1-3)

Low risk High risk High risk

Low IB High IB Low IB



2. Apply 1-MCP



Farm 2017 2018 2019

Ceres 1 8.3 8.7 8.6

2 7.4 8.1 8.0

3 8.4 8.4 7.8

4 7.4 8.3 8.3

5 8.4 8.5 8.8

Grabouw 1 8.0 9.2 8.4

2 8.1 9.3 8.6

3 8.8 8.5 8.6

4 8.7 9.1 8.6

5 8.3 8.7 8.6

Firmness at harvest (2017-2019 seasons; Year 1-3 )



2018-19; Year 2



Firmness - after CA  (2018-19; Year 2)



Firmness - after Shelf (2018-19; Year 2)



2019-20; Year 3



 

Firmness - after CA  (2019-20; Year 3)



 

Firmness - after RA  (2019-20; Year 3)



 

Firmness - after Shelf  (2019-20; Year 3)



3. Step cool



2018-19; Year 2



Radial browning - after CA (2018-19; Year 2)



Radial browning - after RA (2018-19; Year 2)



Diffuse browning - after RA (2018-19; Year 2)



2019-20; Year 3



 

Radial browning - after CA (2019-20; Year 3)



 

Radial browning - after RA (2019-20; Year 3)



 

Radial browning - after Shelf (2019-20; Year 3)



Key results

 Storing for up to 9 months CA is not recommended

(IB risk in high risk years)

 These conditions were followed for trial purposes only to get
treatment differences and it identified possible risk
protocols not to be followed commercially

 Area differences possibly due to harvest maturity



Key results

 2017-2018 (Year 1) Low risk year

 2018-2019 (Year 2) High risk year - clear treatment differences

 A risk for IB (radial and diffuse) and fruit quality if not step cooled
(starting at 3 °C)

 A risk of radial was identified if not step cooled and subjected to
1-MCP

 A risk for radial browning seems linked to less mature fruit

 Diffuse browning related to over maturity and low storage temperature,
substantiate previous results

 The 2019-2020 (Year 3) High risk year - low IB incidence (HMI: 30-40%)



Conclusion



Thank You!
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