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‘Cripps’ Pink’ internal browning
and long term storage

- what has been learnt




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

CO, cavities

Misshapen fruit



Radial browning




Diffuse browning




Combination browning




CO, cavities core




CO, cavities flesh







Rational

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:

Orchard factors
Seasonal climatic variables
Harvest maturity

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



Ceres (KBV) & Grabouw
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Materials and methods

Areas:
Populations:
Harvest maturity:
1-MCP:

Cooling regimes:

Ceres and Grabouw
10 (5 per area)

Aimed for 30 - 40% SB
Within 7 days

5 treatments (to follow)



Treatments

(Harvest) | (7 days) 30 days | 30 days | 30 days
4 °C 3°C 2°C

T1
1° 1°C
us) v ¢
T2
o (o) 10 10 1°C
(Us) 9 3°C 2°C C C
( CO-II-T?m) == 142‘2',2"5 141"",2"5 05°C  1°C 1°C
T4
o (o] 10 10 1OC
(US) == 1°C 1°C C C
L - 1°C 1°C 1°C 1°C 1°C

(US)



Examinations

1. Full maturity at time of harvest

2. After 9 months CA (1.5% O,; 0.5% CO,)

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




turity

1. Harvest at optimum ma




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

Blush
) Background Internal
Farm Firmness Colour (Chart Cologr AL TSS (%) TA (%)  Starch (%) Ethylene
(kg) index) Intensity Colour (%) (/L)
(Pl 16)
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
NOTE:

A low risk commercial browning year



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

Blush
. Background Internal
Farm Firmness Colour (Chart COIOlfr Blush TSS (%) TA (%)  Starch (%) Ethylene
(kg) _ Intensity Colour (%)
index) (Pl 16) (pL/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
NOTE:

A high risk commercial browning year



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

Blush
_ Background Internal
Farm Firmness Colour (Chart Cologr 6L TSS (%) TA (%)  Starch (%) Ethylene
(kg) . Intensity Colour (%)
index) (pL/L)
(Pl 16)
Ceres 1 8.6 2.6 53 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 4.7 315 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 5.6 334 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
NOTE:

A high risk commercial browning year



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

Low risk High risk High risk

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

Low IB High IB Low IB



2. Apply 1-MCP




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

Farm 2017 2018 2019

Ceres 1 3.3 8.7 3.6
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




2018-19; Year 2




Year 2)

°
4

Firmness - after CA (2018-19

After CA storage

Firmness
Source:

Pr>F
~0,0388

T :51

2o T+4S 0L

JoT+ 2,2 PPT + 4S [EDISWWOY ] N
JoT+I.C POEFIE POEHIS TL

JoT4+D,C POE+DLE POEHD I POEHS (TL
J.T:61

Do TH4S L

JoT + 2. PPT + 4§ [ERISWWOY ] <
2oT+I.C POEFIE POEHIS TL

J.T+D,C POE+D.E POE+D I POE+AS 'TL
o151

Do THAS 0L

2T+ 2, PPT + 4S [EDISWWO] ] o
JoT+I.C POEFIE POEHIS L

2.T+0,C POE+D.E POEHD 7 POEHS (TL

2,151 |

Do THIS WL

2T+ 2, PPT + 4S [ERISWWOY (gL ~
2.T+3,Z POE+I.E POEHIS TL

2T+ C POEFILE POEHD T POEFHIS TL

2151 |

JoT+4S ‘PL

DT+ 2. PPT + 4S [ERIBWWOY gL —
26T+2,C POE+IE POEHIS TL

J3.T40,Z POE+D.E POE+I I POE+S 'TL

2.1:61 _

0.5

2o T+4S 0L

JoT+ 2,2 PPT + 4S [EDISWWOY ] [T
JoT+I.C POEFIE POEFIS TL

JoT+D,C POE+D.E POEHDI7 POEHS (TL

2T 161

Do TH4S L

2T+ 2,2 PPT + 4S [ERISWWOY (gL <
2.T+3,2 POE+I.E POEHIS TL

2T+ T POE+DLE POEHD T POEFHIS TL
2T:61

Do THAS 0L

2T+ 2,2 PPT + 4S [EPISWWOY L N
JoT+I.C POEFIE POEHIS L

2.T+0,C POE+D.E POEHD 7 POEHIS (TL

2,161 |

Do THIS WL

2T+ 2, PPT + 4S [ERISWWOY (gL ~
2.T+3,Z POE+I.E POEHIS TL

Do T+I.C POE+DLE POEHD T POEHIS TL

AL

FarmxTrea:ment

LSD 5%

0.0

9.5

9.0

8.5

8.0

7.5

7.0 =

6.5

26 T+4S ‘PL

DT+ 2. PPT + 4S [ERIBWWOY gL
26T+2,C POE+IE POEHIS TL

J3.T4+0,Z POE+D.E POE+I I POE+S 'TL

1

Grabouw

Ceres




Year 2)

°
4

Firmness - after Shelf (2018-19

JoTHS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
J.T+2.C POE+D. € POE+HLS Tl

2. T+2.T POE+D.€ POE+D. 7 POE+SS ' TL
2191

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
J.T+2.C POE+D. € POE+HLS Tl

2. T+2.T POE+D.€ POE+D. 7 POE+SS ' TL

i

After Shelf storage

2L6L |

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
J.T+2.C POE+D. € POE+HLS Tl

2. T+2.T POE+D.€ POE+D. 7 POE+SS ' TL

i

%161

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
J.T+2.C POE+D. € POE+HLS Tl

0. T+2.T POE+D.€ POE+D. 7 POE+SS ' TL

L6l |

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
J.T+2.C POE+D. € POE+HLS Tl

2 T+2.T POE+D.€ POE+D.t7 POE+SS ' TL

2,161 _

i

i

Firmness
Source

Pr>F
0,0068

FarmxTreatment

LSD 5%

I

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
J.T+2.C POE+D. € POE+HLS Tl

0 T+2.T POE+D.€ POE+D. 7 POE+SS ' TL
XT:GL

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
J.T+2.C POE+D. € POE+HLS Tl

0. T+2.T POE+D.€ POE+D. 7 POE+SS ' TL

| X191

— N J-T+45 7L

— S 0.7+ .7 Pyl +dS [B1IaWWoD gl
—— I 0.1+0.7 POE+D.€ POEHIS 7L

+— EEEE . T+0.7 POE+D,€ PO+, POE+IS 'L

U3

191

|

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
2.T+2.C POE+D. € POE+LS Tl

2. T+2.T POE+D.€ POC+D. 7 POE+SS ' TL

TSl |

2.0

8.5

8.0

7.5

7.0

6.5

6.0

JoTHdS Pl

JoT+ 2T PPL +4S |BI2IBWWOY gl
2.T+2.C POE+D. € POE+LS Tl

2. T+2.T POE+D.€ POC+D. 7 POE+SS ' TL

[Te]

Grabouw

Ceres

Region, Farm, Storage Treatment



2019-20; Year 3




Year 3)

°
4

Firmness - after CA (2019-20

After CA storage

Firmness
Source

Pr>F
0.0489

FarmxTreatment

LSD 5%

0.4

J,T:6L _

JoT+dIW-T ‘7L

T+ PYT+AIIN-T [BIRI3WIWO) tE] n
JoT+IoC POE+DLE POE+DIIN-T 2L

JoT+IT POEFDLE POE+I T POE+dIN-T - TL

2,151 _

JoT+dIW-T 7L

2T+, PYT+dIIAIFT [EI243WIWO0)]) tE ] <
2o T+DoT POEFIE POEHIIN-T :TL

oI+, POEFDE POE+D 7 POE+DIN-T T L

J,1 L _

2o T+dIW-T 7L

2T+, PYT+dIIAIFT [Bl243WW0) (€] n
JoT+IoC POE+DLE POE+DIIN-T 2L

JoT+I.T POEFIE POE+I T POE+dINT TL

J,T:SL _

JoT+dIW-T 7L

DT+ PYT+AINI-T [BIR43WIWO] (€] ~
o[+ C POEFIE POEHIIIN-T STL

JoT+I.T POEFDLE POE+I T POE+dIN-T - TL

_TI

2.T:6L _

=l

JoT+dIW-T 7L

T+ PYT+AIIN-T [BIRI3WIWO) tE] —
DT+ POEFIE POEHIIN-T :TL

JoT+2,T POEFDE POE+D 7 POE+dIN-T ST L

eatment

JoT :SL _

Farm, Storage Tr:

JoT+dIW-T 7L

2T+, PYT+dIIAIFT [EI243WIWO0)]) tE ]
DT+ POEFIE POEHIIIN-T -TL

JoT+IoT POEFIE POE+I T POE+IIN-T - T1

5
ion,

Reg

R ETY

JoT+dIW-T 7L

JoT+oC PPT+AIIANI-T [BIRI3WIWOY SE] <
JoT+IoC POE+DLE POE+DIIN-T 1L

JoT+IT POEFDLE POE+I T POE+dIN-T - TL

J,T:SL _

JoT+dIW-T 7L

2T+ PYT+dIIAIFT [BII3WIWO]) tE] ]
o[+ C POEFIE POEHIIIN-T STL

oI+, POEFDLE POE+D 7 POE+DIN-T T L

151 |

JoT+dIN-T 7L

oI+, PYT+dIIANIFT [BI243WIWO0) tE] ~
JoT+IoC POE+DLE POE+DIIN-T 1L

JoT+2,T POEFDE POE+D 7 POE+dIN-T ST L

sl |

12

10

JoT+dIW-T 7L

JoT+IoT PYT+AIINI-T [BIR43WIWO] (€] -
o[+ C POEFIE POEHIIIN-T STL

JoT+IoT POEFIE POE+I T POE+IIN-T - T1

Grabouw

Ceres



Year 3)

4

Firmness - after RA (2019-20

After RA storage

Firmness
Source:

Pr>F
0.0001

FarmxTreatment

LSD 5%

0.4

0T :SL _

Jo[+dIN-T 7L

Do T+ PYT+dIIN-T [BRIBWIWO) (€]
JoT+DoC POE+DE POE+AIIN-T -ZL
2T+l POEFIE POE+I T POE+DIIN-T -

J,1 61 _

JoT+dIN-T 7L

JoT+2o€ PYTHAIINT [BRIBWIWIOT (€]
JoT+DoC POE+DE POE+AIIN-T -ZL

Do T+ POEFDLE POE+D 7 POE+IN-T -

Jol :61 _

Jol+dIN-T 7L

Do T+ PYT+dIIN-T [BRIBWIWO) (€]
JoT+20€ POE+DE POE+AIINT S CL

Do T+I,Z POEFDE POE+I T POE+dIIN-T -

o1 :SL _

"

Jol+dIN-T 7L

Do T+ PYT+dIIN-T [BRIBWIWO) (€]
JoT+20€ POE+DE POE+AIINT S CL

Do T+ POEFDLE POE+D 7 POE+IN-T -

ol 61 _

JoT+dIN-T 7L

JoT+2o€ PYTHAIINT [BRIBWIWIOT (€]
JoT+DoC POE+DE POE+AIIN-T -ZL
2T+l POEHIE POE+I T POE+DIIN-T -

J.T:SL _

JoT+dIN-T 7L

Do T+ PYT+dIIN-T [BRIBWIWO) (€]
JoT+20€ POE+DE POE+AIINT S CL

2o T+, T POEDLE POETD T POE+dIIN-T -

21161 _

Jol+dIN-T 7L

Do T+ PYT+dIIN-T [BRIBWIWO) (€]
JoT+20€ POE+DE POE+AIINT S CL
JoT+I,Z POEFD,E POE+I T POE+dIIN-T -

J,1:61 |

JoT+dIN-T 7L

JoT+2o€ PYTHAIINT [BRIBWIWIOT (€]
JoT+DoC POE+DE POE+AIIN-T -ZL
2T+l POEFIE POE+I T POE+DIIN-T -

Jo1 "ﬂ_

JoT+dIN-T 7L

Do T+ PYT+dIIN-T [BRIBWIWO) (€]
JoT+20€ POE+DE POE+AIINT S CL

Do T+ POEFDLE POE+D 7 POE+IIN-T -

o151 |

12

10

Jol+dIN-T 7L

20T+, PYT+dIIN-T [BRIBWIWO] (€]
JoT+20€ POE+DE POE+AIINT S CL

Do T+ POEFDLE POEFD 7 POE+IIN-T -

L

L

1L

L

L

1L

1L

L

L

L

Grabouw

Ceres

Region, Farm, Storage Treatment



Year 3)

(]
4

Firmness - after Shelf (2019-20

After Shelf storage

Firmness (kg)

Source

Pr>F
0.0002

FarmxTreatment

LSD 5%

0.5

_ [

2.1:61 _

JoT+dIN-T VL

oI+ PYT+dIINT [ERIBWIWOY (€] n
DoT+Do€ POEFDE POE+IIN-T :CL

DoT+Do€ POE+DLE POEHIY POE+HINT ‘TL

o151 |

JoT+dIN-T 7L

oI+ PYT+dIINT [ERIBWIWOY (€] <
DoT+DoC POEFDE POE+IINT :TL

DoT+Do€ POE+DLE POEHIY POE+HINT ‘TL

o151 |

JoT+dIIN-T 7L

oI+ PYT+dIINT [ERIBWIWOY (€] on
DoT+DoC POEFDE POE+IINT :TL

o T+, POE+DE POE+DY POE+INT ‘TL

2151 |

Dol+dIIN-T 7L

oI+ PYT+dIINT [ERIBWIWOY (€] ~
DoT+DoC POEFDE POE+IINT :TL

o T+Do POE+DE POE+DY POE+INT ‘TL

2151 _

Jol+dIN-T 7L

oI+ PYT+dIIN-T [ERIBLIWOY tE]
DoT+DoC POEFDE POE+IINT :TL

o T+, POE+DE POE+DY POE+IINT 'TL

1

21 "E_

Jol+dIIN-T ‘7L

oI+ PYT+dIIN-T |eRIBWIWO] (€] n
DoT+DoC POEFDE POE+IINT :TL

o T+, POE+DE POE+DY POE+HINT ' TL

201351

JoT+dIN-T 7L

oI+ PYT+dIIN-T |eRIBWIWO] (€] <
DoT+Do€ POEFDE POE+IINT :TL

o T+, POE+DE POE+DY POE+INT ‘TL

21 _i

Jol+dIIN-T 7L

oI+ PYT+dIIN-T |eRIBWIWO] (€] on
DoT+Do€ POEFDE POE+IIN-T :TL

o T+, POE+DE POE+DY POE+IINT ‘TL

21 _m,‘

Jol+dIN-T 7L

oI+ PYT+dIIN-T |eRIBWIWO] (€] ~
oT+DeC POEFDE POE+IIN-T - 2L

o T+, POE+DE POE+DY POE+INT ‘TL

201 51

= =

12

10

JoT+dIN-T 7L

oI+ PYT+dIIN-T |eRIBWIWO] (€] =
oT+DeC POEFDE POE+IIN-T - 2L

o T+, POE+DLE POEHDY POE+IINT \TL

Grabouw

Ceres

Region, Farm, Storage Treatment



3. Step cool




2018-19; Year 2




Year 2)

(]
4

Radial browning - after CA (2018-19

After CA stbrage

Radial browning

Source

Pr>F
<0.0001

FarmxTreatment

LSD 5%

5.7

25

20

15

10

J.T:S1

Do T+4S ¥l

DT+ J.C PYT + 45 [Bl2IBWWOD (gL
DoT+D.C POEHDLE POEHIS (TL

JoT+0,C POE+DE POEFD. T POEHAS 'TL
J.T:51

Do T+4S ¥l

DT+ J.C PYT + 45 [Bl2IBWWOD (gL
DoT+0.C POE+DLE POEFIS (TL

JoT+J,C POE+DE POE+D. 77 POEHLS 'TL
J.T:51

D T+4S ¥l

Dol + 3, PYT + 4S [BISWWOD (€L
J.T+J.Z POE+D.E POEHIS (TL

JoT+2.C POE+DE POEFD. ¥ POEHLS 'TL
J.T:51

Do T+4S ¥l

DT+ 3. PrT + 45 [eldIaWWO) (€]
DoT+0.C POE+D.E POEHIS (TL

DoT+0,C POE+DE POE+D T POEHIS ' TL
J.T:S1

D, T+4S ¥l

DT+ J.ZPYT + S [ePISWWOD (€L
J.T+J.Z POE+D.E POEHIS (TL

JoT+.C POE+DE POEFD. ¥ POEHLS 'TL
J.T:51

JoTHIS L

2T+ .2 PYT + S [BPISWWOD (€L
J.T+J.C POE+D.E POEHIS (TL

JoT+J.C POE+DE POEFD. ¥ POEHIS 'TL
J.T:51

JoT+4S L

JoT+I.ZPYT + S [BPIBWWOY (€L
,T+D.C POE+D.E POEFIS (TL

JoT+J.C POE+IE POE+D. V7 POEHLS ‘TL
J.T:51

JoT+4S L

2T+ .2 PYT + S [BPISWWOD (€L
J.T+J.C POE+D.E POEHIS (TL

J.T+2,Z POE+DE POEH+D. T POEHAS 'TL
JoT:51

JoT+dS ¥l

JoT+J.C PYT + 45 [BIBWWOD (gL
2oT+.C POE+DLE POEHIS (TL

JoT+J.C POE+DE POEFD. ¥ POEHIS 'TL
J.T:51

JoT+4S L

JoT+I.ZPYT + S [BRIBWWOY (€L
oT+D.C POE+DLE POEFIS (TL

JoT+2.C POE+DE POEFD. T POEHLS ' TL

Grabouw

Ceres

Farm, Storage Treatment



Year 2)

(]
’

Radial browning - after RA (2018-19

After RA storage

Radial browning

Source

Pr>F
0,0216

FarmxTreatment

LSD 5%

6,5

25

20

15

2,151

J,THS tL

2.T +J.CPYT + 4§ [eRIsWWo) (gl
J.T+D. T POE+D. € POEHS (TL

2.T+2.T POE+D. € POEHD. 7 POEHS ‘TL
2.T:G91

J,THS tL

2,T +J2,CPYT +4S [ePlawwo) (gl

). T+, 2 POE+D. € POEHS ‘TL

2. T+2,C POE+D € POE+D 7 POEHS 'TL
2.T:G91

2. THS vl

2.T +J.CPYT + 4§ [eRIsWWo) (gl
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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
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