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Figure 1. Firm flesh browning in Empire 
apples. 

“Development of flesh browning in the 
Empire apple is a major concern for the 
New York Industry. Despite considerable 
research effort over the last 2 years, 
no postharvest treatments have been 
identified to alleviate the problem 
when SmartFresh is used.  Harvest 
date remains as the only management 
tool shown to have a significant and 
consistent effect on the susceptibility of 
Empire apples to browning. ”
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The development of firm flesh browning has proven to be 
a major limitation to the long-term storage of Empire 
apples for many years. Further complicating the effec-

tive management of 
this disorder is its 
sporadic incidence. 
The prevalence of 
firm flesh brown-
ing can vary sig-
nificantly among 
orchard locations 
and growing sea-
sons.  This pattern 
of variability makes 
identification of 
risk factors and de-
velopment of effec-
tive management 
strategies difficult. 
As a result, grow-

ers, storage operators, and marketers face uncertain risks each 
season in making storage and marketing decisions. Observations 
of the occurrence of the disorder have been used to establish a link 
to temperatures during July and August.  Cool temperatures during 
these months generally increase firm flesh browning during stor-
age. In a companion article in this issue, background information 
about firm flesh browning and other storage disorders of Empire 
apples is described (Watkins, 2010).  Also, in a recent New York 
Fruit Quarterly article (James et al., 2010a) we highlighted the 
importance of early harvest as an important strategy to minimize 
the risk of injury development.  However, the physiology leading 
to development of firm flesh browning remains poorly understood.
 Firm flesh browning is characterized by a diffuse browning 
throughout the flesh of the fruit.  In early stages or in mildly affected 
fruit, symptoms are often only present at the shoulder of the apple.  
However, the internal browning extends throughout the flesh and 
may even involve the core area of severely affected fruit (Figure 1). 
Firm flesh browning in Empire apples is believed to result from 
chilling injury in storage. As a result, New York storage recommen-
dations have been to store fruit at 35-36°F, especially for long-term 
CA storage rooms. Temperatures lower than this range increase 
the incidence of firm flesh browning.  Storage temperatures above 
the recommended range increase the risk of developing senescent 
breakdown and accelerate the rate of fruit softening, effectively 
shortening the storage period. As such, the storage temperature 
recommendations represent a balancing act between the alternate 

risks of developing firm 
flesh browning and se-
nescent breakdown. In 
addition, research has 
shown that carbon di-
oxide concentration in 
CA storage also influ-
ences the development 
of firm flesh browning. 
Increasing carbon di-
oxide concentrations 
in storage increases the 
incidence of firm flesh 
browning. However, 
elevated carbon diox-
ide also contributes to 
maintenance of flesh firmness of the fruit. Standard CA storage 
recommendations of carbon dioxide levels of 1-2% along with 2% 
oxygen represent a compromise between levels too low to maintain 
flesh firmness and higher levels that increase the incidence of the 
disorder (Watkins, 2010). 
 As part of an extensive series of trials, we have investigated 
the impact of several postharvest management strategies on the 
development of firm flesh browning. Fruit were harvested from 
trees at Cornell Orchards.  Then, samples were cooled overnight 
before being left untreated or treated with 1ppm SmartFresh (1-
MCP). Fruit were stored in experimental chambers under CA 
conditions of 2% O2 / 2% CO2. Flesh browning data (regardless 
of severity) are presented as the % of fruit with symptoms.  Only 
firm flesh browning results will be reported here. 

Modification of the Storage Temperature. 
Fruit were stored at 33, 35 or 38°F, or subjected to either a stepwise 
cooling treatment (8 weeks at 38, 8 weeks at 35°F, then 6 months 
at 33°F) or a stepwise warming treatment (8 weeks at 33°F, 8 weeks 
at 35°F, then 6 months at 38°F). 
 Among samples not treated with SmartFresh, the incidence 
of firm flesh browning was lowest (3%) in fruit stored at 38°F 
(Figure 2) and highest in fruit that received the stepwise warming 
treatment (27%). The incidence of firm flesh browning was similar 
in untreated fruit samples that were either stored at 33°F (23%), 
stored at 35°F (24%), or received the stepwise cooling treatment 
(18%). These results were consistent with the theory that firm flesh 
browning in Empire apples is the result of a chilling injury. How-
ever, the use of SmartFresh was found to modify this relationship. 
When SmartFresh was applied prior to placing fruit into long-term 
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storage, the highest incidence of flesh browning (52%) was found 
in fruit stored at 38°F, opposite to results observed in untreated 
fruit. The incidence of flesh browning in SmartFresh treated fruit 
was also high in samples stored at 33°F (46%) and lowest in fruit 
that received the stepwise cooling treatment (24%). Aside from 
modifying the relationship between storage temperature and the 
incidence of flesh browning, application of SmartFresh resulted in 
increased levels of browning in all storage temperatures tested. 
 While the lowest firm flesh browning incidence was observed 
in untreated samples that were stored at 38°F, this temperature is 
not recommended for the long-term storage of Empire apples.  
As mentioned earlier, storage at this temperature both accelerates 
firmness loss and increases the incidence of senescent breakdown. 
It was hoped that the firmness benefits of SmartFresh would miti-
gate the disadvantages of warmer storage temperatures.  However, 
this was not found to be the case. 

Timing of SmartFresh Application
Fruit samples were left untreated, treated with SmartFresh at har-
vest, or treated with SmartFresh after 4 or 8 months of CA storage 
before return to CA storage for the remainder of the storage period. 
 The incidence of flesh browning was highest (55%) in fruit that 
were treated with SmartFresh at harvest (Figure 3) and lowest in 
fruit that were treated with SmartFresh after 8 months of storage 
(26%).   However, any benefits of this delay on browning were 
associated with unacceptable loss of fruit condition, specifically 
firmness.

Postharvest application of Calcium and DPA
Fruit were untreated or treated with SmartFresh at harvest fol-
lowed by 15% DPA (2000ppm), 12.1% calcium (2100ppm), 24.2% 
calcium (4200ppm), or combinations of 15% DPA and 12.1% 
calcium or 15% DPA and 24.2% calcium.  DPA (Shield DPA, Pace 
International, Wenatchee, WA) and calcium (Opti-CAL, Pace 
International, Wenatchee, WA) were applied by submerging fruit 
in the concentrations indicated for 1 minute. Fruit quality assess-
ments were carried out following 10 months CA storage (2% CO2, 
2% O2) and 7 days at 68°F.  
 For untreated fruit, the incidence of flesh browning was low-

est (26%) in fruit treated with 2100ppm calcium (Figure 4) and 
highest in fruit treated with a combination of DPA with 2100ppm 
calcium (51%). There was little difference in the incidence of flesh 
browning in untreated fruit between the control treatment and any 
of the dips in isolation. For all treatments, the incidence of flesh 
browning was highest in fruit treated with SmartFresh compared 
with untreated fruit.  The differences were greatest in fruit treated 
with DPA or calcium alone and least in combination treatments. 

Delayed establishment of CA
Fruit were untreated or treated with SmartFresh.  One set of fruit 
was placed directly into CA storage while a second set of fruit 
was held in 32°F air storage for 3 weeks before establishing CA 
conditions. 
 In untreated fruit samples, the incidence of flesh browning was 
markedly lower when establishment of CA conditions was delayed 
by 3 weeks (8% delayed, 51% no delay) (Figure 5). However, when 
SmartFresh was applied prior to storage, this beneficial effect on 
flesh browning was lost.  There was no significant difference in the 
incidence of flesh browning between the control treatment (45%) 
and the delayed CA treatment (52%). 

Figure 2.   Flesh browning in Empire apples harvested on 10/07/2007 and 
stored at 33°F, 35°F, 38°F, stepwise cooled (8 weeks at 38°F, 8 
weeks at 35°F then 6 months at 33oF) or stepwise warmed (8 
weeks at 33°F, 8 weeks at 35°F then 6 months at 38°F). Fruit were 
either untreated or treated with SmartFresh (1-MCP) prior to 
storage. Total storage time of 10 months in CA (2% CO2, 2% O2), 
plus 7 days at 68°F.

 Figure 3. Flesh browning in Empire apples harvested on 10/04/2007 and 
left untreated or treated with SmartFresh (1-MCP) at harvest or 
after 4 or 8 months of storage. Total storage time of 10 months in 
CA (2% CO2, 2%O2), plus 7 days at 68°F.

Figure 4. Flesh browning in Empire apples harvested on 10/07/2007 and 
left untreated or dipped in DPA (2000ppm) or Calcium (2100ppm 
or 4200ppm) or a combination of DPA and Calcium for 1 minute. 
Fruit were left untreated or treated with SmartFresh (1-MCP) at 
harvest. Total storage time of 10 months in CA (2% CO2, 2%O2), 
plus 7 days at 68°F.
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Low humidity storage
 Fruit were untreated or treated with SmartFresh. One set of 
fruit was placed into regular CA conditions while the other set was 
placed into low humidity CA storage.  
 In untreated fruit samples, there was a reduction in the 
incidence of flesh browning when the fruit were stored in low 
humidity (18%) compared to the control (50%) (Figure 6). There 
was no significant difference between untreated and SmartFresh 
treated fruit in control conditions.  However, SmartFresh treat-
ment resulted in an increased incidence of flesh browning in the 
low humidity storage samples (32% vs 18%). 

Summary
Most methods that have been used to reduce chilling related flesh 
browning disorders result in unacceptable softening or develop-
ment of senescent type disorders.  Our hope was that these meth-
ods could be used for SmartFresh-treated fruit without suffering 
loss of condition.  However, no single method included in this study 
resulted in acceptable control of firm flesh browning.
Modification of the storage temperature
 • Storage at warmer temperatures reduces the incidence of flesh 

browning; this effect was lost with the application of Smart-
Fresh.

Timing of SmartFresh application
 • Delaying the application of SmartFresh after harvest can reduce 

the incidence of browning.
Postharvest application of calcium and DPA
 • Application of calcium and DPA alone or in combination did 

not reduce the incidence of flesh browning.
Delayed establishment of CA conditions
 • Delaying the establishment of CA conditions is effective at 

reducing the incidence of flesh browning; this effect was lost 
with the application of SmartFresh.

Low humidity storage
 • Storage in CA at low humidity was found to be effective at re-

ducing the incidence of flesh browning; this effect was reduced 
in SmartFresh-treated fruit.

Figure 5. Flesh browning in Empire apples harvested on 10/08/2007 and 
placed into CA following SmartFresh application, or stored in 
air for 3 weeks before establishing CA conditions. Fruit were left 
untreated or treated with SmartFresh (1-MCP) at harvest. Total 
storage time of 10 months in CA (2% CO2, 2%O2), plus 7 days at 
68°F.

Figure 6.   Flesh browning in Empire apples harvested on 10/08/2007 and 
placed into regular (95%) or low (60-70%) humidity CA.  Fruit 
were left untreated or treated with SmartFresh (1-MCP) at 
harvest. Total storage time of 10 months in CA (2% CO2, 2%O2), 
plus 7 days at 68°F.

 We conclude that no currently acceptable postharvest treat-
ment is available to the New York apple industry to reduce firm 
flesh browning either with or without SmartFresh application.
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Crop Insurance: 
Working for 

New York’s Apple Growers
This year New York’s apple growers 
have $79,583,084 in crop insurance 

protection covering 30,976 acres. 
 

Discovery of Damage Reminders
 

If your orchard has experienced damage due to any covered 
peril,  notify your  crop  insurance agent within 72 hours.  
FSA should be contacted as well.  To ensure that you have 
fulfilled your responsibilities as a policyholder, be sure to 
document the call, date, and person spoken with.

Before making any decision to reduce maintenance of any 
acreage, first discuss with your crop insurance agent and loss 
adjuster.  Failure to get authorization to abandon acreage 
may result in a denied claim.  If you have further questions, 
contact your crop insurance agent.
 

New York Crop Insurance Education Program
Risk Management Agency USDA

    New York State Department of Agriculture & Markets
1-800-554-4501  Ask for Christopher Reed

Free		Consultation		and	Quote	
Call	Mike	Mager	at	585-343-2678

Energy Efficient 
Fruit and Vegetable

Storages
•	COMMERCIAL	REFRIGERATION
•	DESIGN,	SALES	AND	SERVICE
•	SERVING	AGRICULTURE	FOR	OVER	30	YEARS

REFRIGERATION CO. OF BATAVIA
26 Cedar Street, Batavia, NY 14020
www.arcticrefrigeration.com




