
1425HORTSCIENCE VOL. 40(5) AUGUST 2005

Peach and Nectarine Quality Following 
Treatment with High-temperature 
Forced Air Combined with Controlled 
Atmosphere
David Obenland1 and Paul Neipp
U.S. Department of Agriculture, Agricultural Research Service, Commodity 
Protection and Quality, San Joaquin Valley Agricultural Sciences Center, 9611 
South Riverbend Avenue, Parlier, CA 93648

Bruce Mackey
U.S. Department of Agriculture, Agricultural Research Service, Biometry Services, 
800 Buchannan Street, Albany, CA 94710

Lisa Neven
U.S. Department of Agriculture, Agricultural Research Service, Yakima Agricultural 
Research Laboratory, 5230 Konnowac Pass Road, Wapato, WA 98941 

Additional index words. quarantine, sensory evaluation, mealiness, codling moth, oriental 
fruit moth

Abstract. Yellow- and white-fl eshed peach [Prunus persica (L.) Batsch] and nectarine [Prunus 
persica (L.) Batsch var. nectarina (Ait) Maxim.] cultivars of mid- and late-season maturity 
classes were subjected to combined controlled atmosphere–temperature treatment system 
(CATTS) using heating rates of either 12 °C/hour (slow rate) or 24 °C/hour (fast rate) with 
a fi nal chamber temperature of 46 °C, while maintaining a controlled atmosphere (CA) of 1 
kPa oxygen and 15 kPa carbon dioxide. Fruit seed surface temperatures generally reached 45 
°C within 160 minutes and 135 minutes for the slow and fast heating rate, respectively. The 
total duration of the slow heating rate treatment was 3 hours, while 2.5 h was required for 
the fast heating rate treatment. Following treatment the fruit were stored at 1 °C for either 
1, 2, or 3 weeks followed by a ripening period of 2 to 4 d at 23 °C and subsequent evaluation 
of fruit quality. Fruit quality was similar for both heating rate treatments. Compared with 
the untreated controls, CATTS fruit displayed higher amounts of surface injury, although 
increased injury was only an important factor to marketability in cultivars that had high 
amounts of surface injury before treatment. The percentage of free juice in the fl esh was 
slightly less in CATTS fruit early in storage but was often greater in treated fruit toward 
the end of the storage period. Slower rates of softening during fruit ripening were apparent 
in CATTS fruit. Soluble solids, acidity, weight loss and color all were either not affected or 
changed to a very small degree as a result of CATTS. Members of a trained sensory panel 
preferred the taste of untreated fruit over fruit that had been CATTS but the ratings of 
treated and nontreated fruit were generally similar and it is unclear whether an average 
consumer could detect the difference. Although further work needs to be done regarding 
the infl uence of CATTS on taste, it otherwise appears that CATTS does not adversely af-
fect the marketability of good quality fruit and therefore shows promise as a nonchemical 
quarantine treatment for peaches and nectarines.

A substantial portion of the income generated 
from the production of peaches [Prunus persica 
(L.) Batsch] and nectarines [Prunus persica 
(L.) Batsch var. nectarina (Ait) Maxim.] in 
California is derived from export sales. Since 

these commodities are also host to several insect 
pests that are quarantined by importing nations, 
postharvest treatments often must be applied 
before shipment to gain entry into those markets. 
A systems approach to eliminate the possibil-
ity of infestation in the fi eld also is sometimes 
utilized but is not possible in many instances. 
Currently, methyl bromide is the quarantine 
treatment of choice but use of this fumigant is 
becoming problematic due to legislated restric-
tions on its use (U.S. Environmental Protection 
Agency, 2001). Although postharvest export 
uses of methyl bromide are exempt from cur-
rent phase-out plans, the rising cost of methyl 
bromide may make its use cost prohibitive. 
This along with the problems encountered 
with methyl bromide-induced injury to peaches 
and nectarines as well as increasing consumer 

preference for chemical-free fruit give impetus 
to the development of nonchemical quarantine 
treatments for these commodities.

Subjecting fruit to temperature extremes 
is a well-known means of quarantine insect 
disinfestation. Cold treatment, while effective 
for commodities that can tolerate long periods 
of cold storage, is not an option for peaches 
and nectarines due to a rapid quality loss that 
occurs under such conditions. Heat treatment, 
being a much more rapid process, may be a vi-
able option. Obenland and Aung (1997) found 
that for nectarines a 25-min dip in 50 °C water, 
a treatment effective against fruit fl ies, caused 
severe damage to the peel surface and rendered 
the fruit unmarketable. Inclusion of 200 mM 
sucrose in the dip solution to minimize entry 
of water into the fruit reduced the injury but not 
to a degree that the treatment would be useable. 
Some success in using hot water dips for peaches 
was reported by Kerbel et al. (1985) using a 
40-min dip at 40 °C, but damage occurred at 
43 °C. Lay-Yee and Rose (1994) reported that 
nectarines can tolerate forced hot air treatment 
at 41 °C for 24  h and suggested that this treat-
ment might be useful in the control of thrips 
(Thrips obscuratus (Crawford)). Obenland et 
al. (1999) treated nectarines using a forced hot 
air treatment protocol originally developed to 
disinfest papayas of Mediterranean fruit fl ies 
(Armstrong et al., 1989) that involved raising 
the fruit seed surface temperature to 47.2 °C 
during 4 h. Although no adverse quality changes 
were found in any of the cultivars as a result 
of treatment, a subsequent study indicated that 
the treatment could enhance the development 
of mealiness in some susceptible cultivars 
(Obenland and Carroll, 2000) .

Addition of a controlled atmoshphere (CA) 
to heat treatments has been shown to be effective 
in enhancing insect mortality (Whiting and Hoy, 
1997; Whiting et al., 1995; Yahia and Ortega-
Zaleta, 2000), thus allowing heat treatments of 
shorter duration (Neven and Mitcham, 1996). 
Researchers have tested hot forced air CA treat-
ments on a number of different commodities 
including apples, pears and cherries (Lay-Yee 
et al., 1997; Neven, 2004; Neven and Drake, 
2000) and in general have achieved promising 
results. Similar combination treatments using 
citrus, however, have to date shown mixed 
effectiveness (Shellie et al., 1997). Given that 
heat treatment alone was fairly successful for 
nectarines in that all evaluated quality factors 
besides mealiness were not adversely affected 
(Obenland et al., 1999), it was thought that ad-
dition of a CA with the corresponding ability 
to then reduce both temperature and treatment 
duration could enhance the usefulness of the 
treatment. The following study documents 
an evaluation of a combined controlled atmo-
sphere–temperature treatment system (CATTS) 
on the quality of California mid- and late-season 
peaches and nectarines.

Materials and Methods

Fruit source. Peaches and nectarines of 
commercial maturity and classifi ed as either 
size 56 (average weight = 172 g/fruit) or 64 
(average weight = 142 g/fruit) were obtained 
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from local packing houses and transported to 
the laboratory in air conditioned vans. Fruit 
that were not to be treated on the following day 
(different replications) were placed into storage 
at 1 °C. Before treatment, fruit were removed 
from cold storage and stored overnight at 23 
°C for equilibration to the treatment starting 
temperature. Since hundreds of varieties exist 
that are commercially grown in California and 
that could have different treatment tolerances, 
representative commonly grown peach and 
nectarine varieties were chosen for this test 
that included both yellow and white fl esh types 
(Table 1). All of the varieties were harvested 
during early July through September (mid- or 
late-season) as fruit from this period of the grow-
ing season are the most likely to be exported 
and require quarantine treatment.

CATTS. CATTS were conducted using a 
chamber designed by Techni-Systems (Chelan, 
Wash.) that was capable of regulating tem-
perature, dew point, air speed and atmospheric 
composition. This unit is the same as has been 
previously described (Neven and Mitcham, 
1996) with the exception of the addition of a 
cooling system that was used to regulate tem-
perature overruns and provide post-treatment 
cool down. A total of 24 temperature probes were 
used to monitor fruit surface and core tempera-
tures during each run. Gas standards of carbon 
dioxide and oxygen were used to calibrate the 
respective sensors before the runs. Two heating 
protocols were chosen for evaluation based upon 
effi cacy studies for the disinfestation of codling 
moth (Cydia pomonella L.) and Oriental fruit 
moth (Grapholita molesta Busck) that had been 
previously conducted (L. Neven, unpublished 
results). 1) Chamber temperature ramp from 23 
to 46 °C at 12 °C/h and holding at 46 °C for a 
total treatment time of 3 h (slow CATTS). 2) 
Chamber temperature ramp from 23 °C to 46 
°C at 24 °C/h and holding at 46 °C for a total 
treatment time of 2.5 h (fast CATTS).

In the case of the slow CATTS, a portion 
of the fruit were removed from the treatment 
chamber after 2 h to provide an estimate of the 
effect of treatment duration on fruit quality. The 
atmospheric composition during both protocols 
was 1 kPa oxygen and 15 kPa carbon dioxide. 
Treatment time was initiated when the correct 
atmosphere was established. Dewpoint was 
maintained 2 °C below the temperature of the 
coolest probed fruit and airspeed set at 2 m·s–1. 
Each individual treatment run was considered 

a separate replication with thirty fruit treated 
per replication and four replications. After the 
completion of CATTS the fruit were removed 
from the treatment chamber and placed into 
cold storage at 1 °C. 

Quality evaluation. Following 1, 2, and 3 
weeks of cold temperature storage treated and 
control fruit were taken from cold storage and 
ripened until fi rmness readings were 13.4 N 
or less as determined by a penetrometer (U.C. 
Firmness Tester) with a 7.9-mm tip. Generally, 
ripening required 2 to 3 d for untreated fruit but 
CATTS fruit required an additional 1 to 2 d. 
Five fruit from each treatment lot that had been 
randomly selected, weighed and marked before 
treatment were again individually weighed. 
Weight loss was calculated by subtracting the 
weights from the pretreatment values and a 
mean weight loss for the fi ve fruit determined. 
Using a chromameter (Minolta, Ramsey, N.J.) 
coloration of the external surface of the same 
fi ve fruit was measured and expressed as L* 
C* h color coordinates. Measurement was per-
formed inside of a single circled region on the 
fruit in an area of representative ground color. 
The same circled area had also been measured 
before treatment enabling determination of 
color change due to treatment and storage. Fruit 
were then subjectively rated for the amount of 
surface injury present and placed into classes 
where 0 = none, 1 = very slight, 2 = slight, 3 
= moderate and 4 = severe. An average rating 
index was calculated by multiplying the number 
of fruit in each class by the class number (0 to 
4), summing, and dividing by the total number 
of fruit in each class. Average values exceeding 
2.0 were questionable in their marketability 
and 2.5 and above were defi nitely nonmarket-
able. Almost all of the injury observed was in 
the form of brown lesions on the skin surface. 
Free water present in the fl esh was quantifi ed 
using a method similar to that of Crisosto and 
Labavich (2002). Five fruit were randomly 
selected from each of the treatments lots and 
a 10 g longitudinal slice removed from each 
fruit. The slices were wrapped with 4 layers of 
cheesecloth and squeezed in a press at a con-
stant 667 N of force for 1 min. The sample was 
pressed in this manner three additional times, 
the sample being turned between each press-
ing. Juice that was released from the fruit was 
collected, centrifuged at 6,000 g

n
 for 10 min to 

remove solid material, and weighed. Division 
of this value by the original tissue weight gave 

the percentage of free water present. Soluble 
solids concentration (SSC) was determined 
from the juice using a temperature corrected 
digital refractometer (Atago, Kirkland, Wash.). 
From the same juice titratable acidity (TA) was 
measured by diluting 10 mL of juice to a total 
volume of 25 mL with distilled water and then 
titrating the diluted juice to pH 8.1 with 0.1 N 
NaOH. The volume of NaOH required was 
recorded and a calculation made to convert to 
a percent malic acid basis. 

Sensory panel evaluation. In an experiment 
separate from that described for the quality 
evaluation, fruit from fi ve peach and nectarine 
cultivars was obtained from a local packing 
house and transported to the Parlier, CA labo-
ratory. Preparation of the fruit for treatment as 
well as the actual CATTS of the fruit were as 
previously described using both the fast and 
slow CATTS. After treatment the fruit were 
placed into storage at 1 °C for 10 d after which 
the fruit were transported to a laboratory in 
Wapato, Wash., and held for ripening at 23 °C 
for 3 to 5 d before evaluation. After the fruit 
had ripened to a fi rmness of 13.4 N or less they 
were taken to TreeTop, Inc. (Selah, Wash.) and 
evaluated by a taste panel. The panel consisted 
of 24 to 30 TreeTop employees that had been 
previously trained to recognize and evaluate 
various attributes of peach and nectarine taste 
and texture. Each sample presented to the 
panelists consisted of three to four wedges of 
fruit without the skin, each wedge being from 
a separate fruit. Samples were served in private 
tasting booths divided by partitions and illumi-
nated by red lighting. One cultivar was evaluated 
per day with the initial testing being a forced 
choice triangle test (Stahl and Einstein, 1973) 
to determine if the panelists could differentiate 
between control fruit and CATTS fruit using 
either a slow or fast heating rate. In this test a 
panelist was presented with three samples and 
had to choose the one that was different. Samples 
were presented in random order and each com-
bination of presentation order was randomly 
assigned among the total number of tests. If a 
difference was found for a given comparison by 
a statistically signifi cant number (P ≥ 0.05) of 
the panelists then the panelists were presented 
with additional samples from that comparison to 
perform attribute and preference testing. For the 
attribute testing panelists were asked to evaluate 
the treated sample relative to the control for 
overall fl avor, peach fl avor, sweetness, acidity, 
juiciness, mealiness and fi rmness and place a 
mark on a numbered scale for each of the taste 
attributes. The line scales ranged from 1 (much 
less) to 9 (much more) with the control value 
(no difference) being anchored at 5. Due to a 
lack of fruit, attribute testing was not conducted 
for the fast CATTS for ‘Diamond Princess’ and 
‘Summer Bright’. For the preference testing 
the panelists were presented with samples of 
either treated or untreated fruit and asked to 
place a checkmark next to the descriptor that 
best matched how well they liked or disliked 
the sample. Descriptors ranged from 1 (dislike 
extremely) to 5 (neither like nor dislike) to 9 (like 
extremely). Preference testing for the ‘Diamond 
Princess’ fast CATTS was not possible due to 
a shortage of fruit.

Table 1. List of peach and nectarine cultivars subjected to controlled atmosphere–temperature treatment 
system (CATTS) 

Cultivar Harvest season Flesh color
Peaches
 Elegant Lady Mid Yellow
 Diamond Princess Mid Yellow
 Klondike Mid White
 Summer Sweetx Mid White
 Ryan Sun Late Yellow
Nectarines
 Fire Sweet Mid Yellow
 Summer Brightx Mid Yellow
 Summer Fire Mid Yellow
 Fire Pearl Mid White
 Arctic Snow Late White
 Arctic Mist Late White
xCultivars used only in the sensory panel evaluation experiment.
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Statistical analysis. The analysis model used 
for the fruit quality work was a split-split-plot in 
time with cultivar, storage and CATTS time as 
the fi xed effects. Cultivar (1 to 9) was considered 
a whole-plot treatment, time (0, 2, or 3 and 0 
or 2.5) the subplot treatment and week (1, 2, or 
3) the sub-subplot treatment. Transformations 
were applied to the data to stabilize variances 
when appropriate.

Tables were consulted to determine if a statis-
tically signifi cant (P ≤ 0.05) number of panelists 
were able to determine a difference between 
treatments during the triangle testing portion of 
sensory evaluation (Stahl and Einstein, 1973). 
Attribute testing was analyzed in the form of a t 
test of whether each attribute score was different 
(P ≤ 0.05) from a score of 5.0 (no difference). 
A one-way analysis of variance procedure and 
Tukey’s HSD were used to determine treatment 
differences for the preference testing.

Results

Typical heating profi les initiated after the 
establishment of 1 kPa oxygen and 15 kPa 
carbon dioxide atmospheres are presented in 
Fig. 1 for both the 12 ºC (slow) and 24 ºC 
(fast) heating rates. Fruit heated using the fast 
rate required 120 min to reach 45 °C while 
160 min was needed for the slow rate to reach 
the same temperature. These heating regimes 
in combination with 1 kPa oxygen and 15 kPa 
carbon dioxide have been shown to be effective 
in achieving complete control of both codling 
moth and oriental fruit moth (L. Neven, personal 
communication). 

Fruit quality evaluation results and cor-
responding analyses are presented in Table 2 
for the slow CATTS heating rate and in Tables 
3 and 4 for the fast CATTS heating rate. Treat-
ment effects are reported by cultivar and time 
(treatment duration) when this interaction is 
signifi cant (Tables 2 and 4) but are given only 
by time when the interaction is not signifi cant 
(Table 3). The effect of storage on treatment 
effect is described in the text when the interac-
tion between storage and treatment time for the 
quality attribute is signifi cant.

Surface injury, mainly in the form of small 
brownish lesions, was greater in the CATTS 
fruit from both heating rates (Tables 2 and 3) 
and tended to increase when the heating dura-
tion was extended from 2 to 3 h using the slow 
heating rate (Table 2). The difference, averaged 
across storage times, however, was slight and 
was only signifi cant in four of the nine variet-
ies using the slow heating rate. The overall 
injury rating across cultivars and storage times 
averaged 1.58 for the slow treatment and 1.61 
for the fast treatment, indicating that the effect 
of both heating rates on injury was similar. 
These ratings correspond to a category that is 
less than slight, indicating that the fruit would 
be marketable. Only ‘Diamond Princess’ had 
injury signifi cantly different from the control 
that exceeded the category of slight (Table 2). 
Surface injury tended to increase slowly dur-
ing the 3-week storage period for both heating 
rates, although the amount of increase was small 
(data not shown). 

Free juice percentage, which is a measure 

of the juiciness of the fl esh (Crisosto and 
Labavich, 2002), was less in the treated fruit 
when averaged across storage times for fi ve of 
the nine cultivars for both heating rates (Tables 
2 and 4). ‘Fire Sweet’ on the other hand was 
juicier following slow CATTS than was the 
untreated fruit. The juiciness of a number of 
the cultivars was unchanged by CATTS. Those 
cultivars that exhibited a decrease averaged a 
loss of 4.3% for slow CATTS and 5.4% for fast 
CATTS. Although the relationship of free juice 
percentage to expression of the symptoms of 
mealiness and fl esh drying can differ between 
different cultivars (Obenland et al., 2003), most 
of the cultivars were at a percent juice level 
that indicated that the fruit could be classifi ed 
as juicy regardless of the small differences in 
free juice between treated and untreated fruit. 
In addition, the effect of CATTS on free juice 
was dependent on how long the fruit were held 
in cold storage (storage × treatment time P ≤ 
0.01). If values are averaged across cultivars 
and compared, the slow CATTS had 6.7% 
less free juice than the control after 1 week of 
storage, 2.8% less after 2 weeks and showed 
a 6.8% greater amount after the 3 weeks (data 
not shown). The pattern exhibited by the fast 
CATTS was similar to this. 

SSC was increased in the majority of cul-
tivars following slow CATTS (Table 2). The 
increase, however, was slight and when aver-
aged across cultivars was only 0.1% for the 2 h 
treatment and 0.3% for the 3 h treatment. Simi-
larly, SSC was higher in fruit treated using fast 
CATTS than in the controls, the difference being 
0.7% (Table 3). Although both increases were 
statistically signifi cant and potentially benefi cial 
to overall quality, it is doubtful that such small 
differences would be noticed by a consumer. 
Storage duration had no effect on SSC. 

TA was unaffected by either CATTS or by 
storage duration for either of the heating rates 
(Tables 2 and 3). Although a few of the culti-
vars treated with slow CATTS had TA values 
that were different from the controls these 
differences were too small to be noticeable to 
a consumer.

Fruit weight loss of most cultivars was 
increased (P ≤ 0.01) by both heating rate treat-
ments (Table 2). With slow CATTS, seven of 
the nine cultivars lost an average of 1.3% more 
weight than did control fruit stored at the same 
temperature and for the same amount of time. 
The average total weight loss increased from 
5.7% to 6.1% and then to 6.6% for 0, 2 and 3 
h of slow CATTS, respectively. Five cultivars 
treated using fast CATTS lost a greater amount 
of weight than the controls, the loss averaging 
2.0% (Table 4). In the case of the fast treatment 
the overall weight loss averages were 5.7% 
for the control and 7.0% for the treated fruit. 
Differences in weight loss between treated 
and untreated fruit were greater during the 
initial week of storage than during subsequent 
weeks for the fast CATTS (data not shown). 
During surface evaluation of the fruit a differ-
ence in visual symptoms of water loss, such as 
wrinkling, was not noted between treated and 
untreated fruit so at least visually there did not 
appear to be a negative effect of the difference 
in water loss due to CATTS.

Skin color became slightly redder in both 
control and slow CATTS fruit during the storage 
and ripening period as evidenced by the decrease 
in hue angle (Table 2). The shift toward more 
redness, however, was greater in the 3 h CATTS 
fruit for seven of the nine cultivars. This change 
in coloration became less pronounced as the fruit 
were stored longer (data not shown). Generally, 
a difference in hue angle of 2.5 or greater is 
believed to be necessary for the difference to 

be visually detectable (Sacks and 
Francis, 2001). While the differ-
ence exceeded the theoretical 
detection limit for a number of 
the cultivars, we were unable to 
see a color difference in side by 
side comparisons of treated and 
untreated fruit. In contrast to slow 
CATTS fruit, hue angle was not 
altered by fast CATTS (data not 
shown). 

Triangle testing during the 
sensory evaluation experimen-
tation indicted that a signifi cant 
(P ≤ 0.05) number of panelists 
were able to determine a differ-
ence in fl avor between both the 
slow and fast CATTS and the 
untreated controls for all of the 
fi ve cultivars tested (data not 
shown). Preference testing was 
then conducted for each of the 
cultivars to determine which of 
the sensory attributes being evalu-

Fig. 1. Fruit surface, seed surface 
and chamber temperatures during 
controlled atmosphere–temperature 
treatment system (CATTS) using 
either a heating rate of 12 °C/h (A) 
or 24 °C/h (B).
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ated had been altered by treatment. The results 
of this testing differed depending on cultivar and 
on treatment (Table 5). Slow CATTS ‘Diamond 
Princess’ peaches were thought by panelists to 
be less fl avorful and slightly less acidic than the 
untreated control fruit. Similarly, ‘Elegant Lady’ 
peaches that were treated were believed to have 
less fl avor than untreated fruit. In this case of 
this cultivar, however, a very slight increase in 

the mealiness of the fl esh was also noted. For 
‘Summer Sweet’ peaches a decrease in fi rmness 
and a slight loss of juiciness (fast CATTS) were 
noted by the panelists to be the major changes 
caused by treatment. In the case of ‘Fire Pearl’ 
nectarines less fl avor, including a decrease in 
sweetness, were the primary attributes found 
to differ between slow CATTS and untreated 
fruit. Fast CATTS fruit for this cultivar, on the 

other hand, differed not by fl avor but due to 
textural issues. Acidity was the only sensory 
attribute different from the control fruit for slow 
CATTS ‘Summer Bright’ nectarines. Attribute 
testing was useful in detailing sensory differ-
ences between untreated and treated fruit but 
in order to determine the effect of treatment on 
likeability of the fruit a separate preference test 
was conducted (Table 6). With the exception of 
‘Summer Sweet’, for which likeability was not 
altered by treatment, CATTS fruit were rated 
slightly lower in likeability than untreated fruit. 
Fast CATTS fruit generally received a lower 
rating than fruit that had been treated using 
slow CATTS and for two of the four cultivars 
tested were rated in the “dislike” side of the 
rating scale.

Discussion

Prior experimentation had cast doubt on 
the suitability of heat as a quarantine treat-
ment for stone fruit given that heat treatment 
was shown to enhance the development of 
mealiness in some cultivars of peaches and 
nectarines (Obenland and Carroll, 2000). The 
application in this study of a combination of heat 
and CA using CATTS enabled the use of lower 

Table 3. Surface injury, SSC and TA following fast controlled atmosphere–temperature treatment system 
(CATTS), storage at 1 °C, and ripening at 23 °C. Values are overall means across cultivars and storage 
times.

 Surface
Time injury SSC TA
(h)z (rating)y,x  (%)x (%)x

0 1.36 a 12.3 a 0.41 a
2.5 1.61 b 13.0 b 0.40 a
Cultivar (C) ** ** **
Storage (S) ** NS **
C × S ** NS NS

Time (T) ** ** NS

C × T NS NS NS

S × T NS NS NS

C × S × T NS NS NS
zTime is the duration of CATTS.
yValues followed by different letters within a storage time are statistically signifi cant (P ≤ 0.05).
xVisual rating: 0 = no injury, 1 = very slight, 2 = slight, 3 = moderate, 4 = severe.
NS,*,**Nonsignifi cant or signifi cant at P ≤ 0.05 or 0.01, respectively.

Table 2. Quality attributes following 0, 2, or 3 h of slow controlled atmosphere–temperature treatment system (CATTS), storage at 1 °C, and ripening at 23 °C. 
Values are means across storage times of 1, 2 and 3 weeks.

  Surface Free   Wt Skin color
 Time injury juice SSC TA loss change
Cultivar (h)z (rating)y (%) (%) (%) (%)x (hº)w

Klondike 0 1.96 av 50.6 a 11.2 0.31 a 7.5 a –2.32 a
 2 2.79 b 47.0 b 11.3 0.31 a 8.1 a –5.88 b
 3 2.13 a 45.3 b 11.7 0.28 b 8.7 b –7.38 b
Elegant Lady 0 1.50 a 38.8 a 11.8 0.56 a 6.1 a –6.09 a
 2 1.76 b 33.1 b 12.5 0.55 a 7.9 b –8.67 ab
 3 1.85 b 40.5 a 12.7 0.55 a 8.3 b –9.60 b
Diam. Princess 0 2.00 a 52.8 a 10.5 0.44 a 5.2 a –1.85 a
 2 2.14 ab 49.7 b 10.4 0.48 b 6.4 b –6.98 b
 3 2.30 b 49.3 b 10.8 0.48 b 6.4 b –9.02 b
Ryan Sun 0 1.29 a 42.0 a 12.6 0.36 a 4.4 a –5.07 a
 2 1.33 a 41.7 a 12.4 0.37 a 4.7 a –5.13 ab
 3 1.48 a 45.2 a 12.4 0.36 a 5.7 b –6.20 b
Fire Sweet 0 1.61 a 36.6 a 12.4 0.34 a 5.7 ab –1.97 ab
 2 1.92 b 36.1 a 12.9 0.34 a 5.4 a –3.02 a
 3 1.97 b 42.6 b 13.4 0.33 a 6.4 b –0.88 b
Fire Pearl 0 0.80 a 43.9 ab 12.1 0.58 ab 3.2 a –1.11 a
 2 0.98 a 42.7 a 11.8 0.55 a 3.5 a –2.32 b
 3 1.41 b 46.5 b 12.4 0.60 b 5.0 b –3.01 b
Summer Fire 0 1.30 a 52.0 a 10.8 0.40 a 4.2 a –2.66 a
 2 1.49 a 47.3 b 10.6 0.40 a 4.9 b –2.60 a
 3 1.40 a 47.3 b 10.9 0.38 a 5.0 b –5.29 b
Arctic Snow 0 1.08 a 35.4 a 17.1 0.33 a 10.2 a –9.75 ab
 2 1.10 a 22.9 b 18.3 --- 9.1 ab –11.76 a
 3 1.09 a 32.6 c 16.9 0.32 a 8.7 b –8.66 b
Arctic Mist 0 0.66 a 37.4 a 15.3 0.36 a 5.2 a –11.74 a
 2 0.57 a 25.4 b 15.6 --- 4.9 a –12.10 a
 3 0.60 a 32.2 b 15.4 0.34 a 5.0 a –7.99 b
Cultivar (C)  ** ** ** ** ** **
Storage (S)  ** ** NS ** ** **
C × S  ** ** NS NS NS **
Time (T)  ** ** * NS ** *
C × T  ** ** NS * ** **
S × T  NS ** NS NS NS **
C × S × T  NS NS NS NS NS NS
zTime is the duration of CATTS.
yVisual rating: 0 = no injury, 1 = very slight, 2 = slight, 3 = moderate, 4 = severe.
xLoss from immediately before treatment to end of storage and ripening period.
wSkin color change values, as measured using a Minolta chromameter, are changes in hue (hº) calculated by subtracting hue at the time of evaluation from 
pretreatment hue.
vValues in columns followed by different letters within a cultivar are statistically signifi cant (P ≤ 0.05).
NS,*,**Nonsignifi cant or signifi cant at P ≤ 0.05 or 0.01, respectively.
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temperatures and shorter treatment times than 
had been previously used to achieve quarantine 
security and was an attempt to overcome this 
diffi culty. Peaches and nectarines lose free 
juice as a normal consequence of cold storage 
and, if stored long enough, can become mealy 
in texture (Lill et al., 1989). Although CATTS 
appeared in some cultivars to reduce the free 
juice in the initial portion of storage the reduc-
tion did not enhance the incidence of mealiness 
in the treated fruit. During longer storage, 
CATTS tended to be inhibitory to the free juice 
decline that is characteristic of many cultivars 
during more extended storage and slowed the 
development of mealiness. It is unclear by what 
physiological mechanism CATTS is affecting 
free juice. Polygalacturonase activity, the loss 
of which is believed to be centrally involved 
in the development of cold storage-induced 
mealiness (Ben-Arie and Sonego, 1980), is not 
altered by CATTS in a manner that is consistent 
with it being the causal factor (D. Obenland 

unpublished data). Weight (mostly water) 
loss as a result of treatment was not a factor 
determining differences in free juice between 
treated and untreated fruit as there was no re-
lationship evident between amount of weight 
loss and loss of free juice. Loss of free juice 
and the development of mealiness during cold 
storage of stone fruit is generally considered 
to be a form of chilling injury. The ability of a 
heat treatment to inhibit chilling injury has been 
documented (Lurie and Sabehat, 1997; Porat et 
al., 2000) and therefore the inhibitory effect of 
CATTS on loss of free juice during extended 
storage may not be unexpected. In the case 
of peaches and nectarines, though, it appears 
that the amount of heat that the fruit receives 
is important in determining whether or not the 
treatment promotes or inhibits the development 
of mealiness.

Although CATTS did not initiate a large 
amount of surface injury in this study it tended 
to enhance surface injury that was present 

before treatment. A good example for this was 
treatment of ‘Diamond Princess’, a midseason 
peach that had a relatively high injury rating of 
2.30 (between slight and moderate) following 
3 h of slow CATTS but also had a fairly high 
injury rating of 2.00 (slight) for the untreated 
fruit (Table 2). For CATTS to be successful it 
is very important that good quality fruit with 
minimal surface blemish be used or it is pos-
sible that the treatment could render the fruit 
unmarketable. Forced air cooling was tried as a 
means of reducing the enhancement of surface 
injury by CATTS but was found to have no 
benefi cial effect (data not shown).

As has been often noted in the literature with 
other heat treatments (Biggs et al., 1988; Eaks, 
1978; Maxie et al., 1974), CATTS caused a delay 
in softening as the fruit ripened subsequent to 
storage. This inhibitory effect on ripening may 
be due to an inhibition of ethylene synthesis 
(Biggs et al., 1988; Lay-Yee and Rose, 1994) 
and be at least partially mediated by inhibitory 
effects on the synthesis of cell wall enzymes 
(Yoshida et al., 1984). Generally, 1 to 2 additional 
days were required to ripen CATTS fruit to a 
similar degree of softness as the untreated fruit. 
This could be seen as a benefi cial side effect of 
treatment in that it may serve to help maintain 
the quality of the fruit when fruit softening 
becomes a problem due to extended storage 
or improper temperature control. A potential 
negative to the inhibition in ripening is that 
a longer required ripening time could lead to 
greater opportunity for decay.

Members of a trained sensory panel were 
able to differentiate CATTS fruit from untreated 
fruit for each of the fi ve cultivars tested on 
the basis of taste and textural differences that 
varied depending upon on the cultivar tested. 
Although differences between the treatments 
were detected, many were fairly subtle as in-
dicated by the small separations in ratings for 
the attribute testing that were generally less than 
one unit out of a one to nine unit scale (Table 
5). Also, with the exception of the ‘Summer 
Bright’ fast CATTS, the panelists judged the 
likeability of the treated and untreated fruit to 
be fairly similar even when the difference was 
statistically signifi cant (Table 6). Differences of 
this magnitude, although noticeable to someone 
trained and skilled in detecting differences, may 
be not noticeable to the average consumer. This 
conclusion is also suggested by results from a 
previous experiment using nectarines where 

Table 4. Percentages of free juice and weight loss following fast controlled atmosphere–temperature 
treatment system (CATTS), storage at 1 °C for 1, 2, or 3 weeks and ripening at 23 °C. Values presented 
are means across storage times.

 Timez Free juicey Wt lossy,x

Cultivar (h) (%) (%)
Klondike 0 50.6 a 7.5 a
 2.5 45.5 b 9.6 b
Elegant Lady 0 38.7 a 6.1 a
 2.5 39.6 a 8.9 b
Diam. Princess 0 52.7 a 5.2 a
 2.5 48.0 b 7.3 b
Ryan Sun 0 42.0 a 4.4 a
 2.5 44.0 a 5.0 a
Fire Sweet 0 36.6 a 5.7 a
 2.5 40.2 a 6.4 a
Fire Pearl 0 43.9 a 3.2 a
 2.5 44.1 a 4.6 b
Summer Fire 0 52.0 a 4.2 a
 2.5 46.6 b 5.7 b
Arctic Snow 0 35.4 a 10.2 a
 2.5 28.8 b 9.8 a
Arctic Mist 0 37.4 a 5.2 a
 2.5 32.3 b 6.0 a
Cultivar (C)  ** **
Storage (S)  ** **
C × S  ** NS

Time (T)  ** **
C × T  ** *
S × T  ** **
C × S × T  NS NS
zTime is the duration of CATTS.
yValues followed by a different letter within cultivar are signifi cantly different (P ≤ 0.05). 
xLoss from immediately before treatment to end of storage and ripening period.
NS,*,**Nonsignifi cant or signifi cant at P ≤ 0.05 or 0.01, respectively.

Table 5. Average fl avor and texture ratings from a trained sensory panel comparison of peach and nectarine cultivars subjected to either slow or fast controlled 
atmosphere–temperature treatment system (CATTS) to fruit that were untreated. Fruit were stored for 10 d at 1 ºC and ripened for 3 to 5 d at 23 ºC before 
evaluation. 

    Comparison ratingz

 Diamond Elegant  Summer Fire  Summer
Sensory Princess Lady  Sweet Pearl  Bright
attribute Slow Slow Fast Slow Fast Slow Fast Slow
Overall Flavor 3.81* 4.33* 4.34 5.25 4.81 3.88* 4.52 4.61
Peach/Nect. Flavor 4.01* 4.21* 4.29* 5.47 4.71 3.55* 4.45 4.71
Sweetness 4.51 4.71 5.02 5.12 5.07 3.46* 4.60 4.47
Acidity 4.23* 4.62 4.72 5.05 4.98 4.87 4.77 5.69*

Juiciness 4.78 4.52 4.56 5.09 4.45* 4.42 4.75 4.72
Mealiness 5.22 5.52* 5.80* 5.28 5.30 5.48 5.73* 5.03
Firmness 4.96 4.84 4.59 4.30* 4.40* 4.85 4.25* 5.11
zScale of ratings was from 1 to 9 with the control (no difference between untreated and CATTS) set at 5.0.
*Comparison ratings followed by an asterisk indicate that the treated fruit is signifi cantly different (P ≤ 0.05) than the untreated fruit for that sensory attribute 
within a cultivar.

AugustBook.indb   1429AugustBook.indb   1429 6/14/05   12:22:49 PM6/14/05   12:22:49 PM



HORTSCIENCE VOL. 40(5) AUGUST 20051430

untrained panelists were unable to differentiate 
in taste between fruit that were untreated and 
fruit treated using a heat treatment more severe 
than the one used in this experiment (Obenland 
et al., 1999).

In summary, a variety of mid- and late-
season peach and nectarine cultivars have 
been evaluated for tolerance to two CATTS 
protocols suitable for quarantine disinfestations 
of codling moth and oriental fruit moth. Fruit 
quality attributes were not adversely affected by 
either treatment to a degree that would infl u-
ence marketability in almost all of the cultivars, 
the only exceptions being fruit that had a high 
amount of surface injury before the imposition 
of treatment. In these cases, CATTS should not 
be performed as it can act to enhance the preex-
isting injury and render the fruit unmarketable. 
Preference testing by a trained sensory panel 
indicated that the panelists preferred eating 
untreated fruit over fruit that had been CATTS 
but the relatively small differences between the 
ratings make it unclear whether or not an aver-
age consumer would be able to recognize the 
difference. Although further testing is needed 
to determine the impact of CATTS on taste and 
texture, this treatment appears to hold promise 
as a replacement for methyl bromide. 
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Table 6. Hedonic preference ratings obtained from a trained sensory panel for untreated peaches and 
nectarines or fruit subjected to either slow or fast controlled atmosphere–temperature treatment system 
(CATTS). Before evaluation the fruit had been stored for 10 d at 1 °C followed by ripening for 3 to 
5 d at 23 °C.

  Ratingz

Cultivar Untreated Slow CATTS Fast CATTS
Diamond Princess 6.87 ay 6.03b
Elegant Lady 6.59 a 5.17b 4.86 b
Summer Sweet 6.04 a 5.86 a 5.39 a
Fire Pearl 6.85 a 5.20 b 5.70 ab
Summer Bright 7.52 a 5.91 b 3.52 c
zRatings: 9 = like extremely, 8 = like strongly, 7 = like moderately, 6 = like slightly, 5 = neither like nor 
dislike, 4 = dislike slightly, 3 = dislike moderately, 2 = dislike strongly, 1 = dislike extremely.
ySample ratings followed by different letter superscripts within a row are signifi cantly different (P ≤ 0.05).
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