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Abstract 

During the 1998 season, early (14% soluble solids content = SSC) and late 
harvested (17% SSC) ‘Redglobe’ grapes were stored in 16 controlled atmospheres of 
5, 10, 15, 20, and 25% CO2 combined with 3, 6, and 12% O2. During the 1999 season, 
10 or 15% CO2 combined with 3, 6, and 12% O2 were tested in comparison with air-
stored grapes as control. None of the atmospheres tested for up to 12 weeks at 0ºC 
influenced SSC, titratable acidity (TA), SSC:TA, or berry shatter and browning. 
Rachis browning was accelerated in grapes exposed to CO2 levels above 10% and 
above 15% for early and late harvested ‘Redglobe’ grapes, respectively. 
Atmospheres including above 10% CO2 controlled decay incidence and spread 
among berries (nesting) independent of O2 concentrations during storage at 1ºC for 
up to 8 weeks and after three days at 20ºC, simulating a retail display period. Based 
on these data, a combination of 10% CO2 with 3, 6 or 12% O2 is suggested for up to 
12 weeks storage for late harvested ‘Redglobe’ grapes. An atmosphere of 10% CO2 
+ 6% O2 is suggested for early commercially harvested ‘Redglobe’ grapes, but not to 
exceed 4 weeks. 
 
INTRODUCTION 

Optimal controlled atmosphere (CA) combinations of low O2 and high CO2 levels 
have been developed for different fruit species and even cultivars within the same species 
(Kader, 1997), but CA is not recommended for commercial use on table grapes (Nelson, 
1969; Laszio, 1985; Cimino et al., 1987; Kader, 1997). The influence of CA conditions 
with an emphasis on botrytis decay development has been evaluated for ‘Emperor’ grapes 
(Uota, 1957), ‘Alphonse Lavallee’, and ‘Rakazi’ grapes (Eris et al., 1993). Yahia et al. 
(1983) and Berry and Aked (1997) included the following among CA benefits for grapes: 
delaying senescence, decreasing rachis and berry respiration, reducing rachis browning, 
maintaining berry firmness, and retarding decay development. However, formation of 
“off flavors” and berry browning are a concern (Uota, 1957; Nelson, 1969). 

Our objective was to identify the optimum CO2 and O2 levels to control gray mold 
without affecting quality attributes for ‘Redglobe’ table grapes. 
 
MATERIALS AND METHODS 

Grapes were divided into 16 and 7 treatments for the 1998 and 1999 seasons, 
respectively. Grapes were stored at 0ºC for up to 12 weeks in 338-liter sealed aluminum 
tanks under a continuous flow of either air or the desired mix of CO2 and O2 
concentrations. During the 1998 season, ‘Redglobe’ table grapes were harvested at early 
(14% SSC) and late (17% SSC) commercial maturity stages. The 16 CA combinations 
included 5, 10, 15, 20, and 25% CO2 combined with 3, 6, and 12% O2. For the 1999 
season, ‘Redglobe’ grapes harvested at 16.7% SSC were commercially packed and stored 
at 0ºC in 338-liter sealed aluminum tanks under a continuous flow of either air or 10% 
and 15% CO2 with 3, 6, and 12% O2. In both seasons, air storage was used as a control for 
all treatments. Flow rates and gas mixtures were established using a mixing board with 
micro-metering valves. Supply and exhaust gas composition was monitored using an 
Ametek paramagnetic oxygen analyzer (S-3A/II) and a Horiba infrared gas analyzer 
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(VIA-510 for CO2). 
In the 1998 and 1999 seasons, five clusters (replications) per CA treatment were 

removed from the storage tanks every four weeks for quality evaluation and “off flavor” 
development determinations. Quality evaluations included SSC, TA, SSC:TA, rachis 
browning, berry shatter, skin and berry browning, and botrytis-induced decay 
development. Rachis browning development was evaluated using the following scoring 
system according to Crisosto et al. (2001). All brown berries were removed and weighed, 
and berry browning was expressed as a percentage of cluster weight. Botrytis decay was 
evaluated as nesting formation and total decay. Clusters were considered to have formed a 
nest if mycelia actively grew from one berry to at least one other adjacent berry. 

In the 1998 experiment, we used a factorial design, using CO2 and O2 as factors, 
with three replications. In the 1999 experiment, we used a completely randomized design 
with nine replications. The data were subjected to analysis of variance (ANOVA) prior to 
a Least Significant Differences (LSD) means separation using the SAS statistical software 
(SAS Institute, Cary, NC). 
 
RESULTS AND DISCUSSION 

For early and late harvested ‘Redglobe’ grapes, these CA treatments did not 
significantly affect berry shatter, SSC, TA or SSC:TA (data not shown) after 3 months at 
0ºC. ‘Redglobe’ berry browning was not observed during these two years of CA studies. 
CO2 concentrations independent of O2 levels affected rachis browning and decay 
development. 

As botrytis and rachis browning incidence were only affected by CO2 
concentrations, ANOVA and LSD analyses were carried out according to CO2 and air 
treatment. Botrytis development was significantly higher in the air-stored, early harvested 
‘Redglobe’ grapes than any of the CO2 storage treatments. However, grapes stored under 
5% CO2 had higher botrytis incidence than grapes stored under 10% or higher CO2 (Fig. 
1). On the three evaluation dates, botrytis incidence was significantly reduced when CO2 
concentrations were 10% or higher during storage (Fig. 1). There were no significant 
differences in decay among the 10 to 25% CO2 treatments. Because decay incidence was 
very low in late harvested ‘Redglobe’ the data are not shown. 

‘Redglobe’ rachis browning was significantly lower on the air-stored grapes than 
for some of the CA storage treatments (Fig. 2). For early harvested ‘Redglobe’ grapes, the 
use of CO2 levels >10% significantly increased rachis browning by one and two months 
storage. For late harvested ‘Redglobe’ grapes, rachis browning became a commercial 
problem by the second month of storage; early and late harvested grapes stored at CO2 
levels <10% had the same level of rachis browning as those kept in air. At that time, CO2 
levels >20% significantly increased rachis browning, while CO2 <15% did not affect 
rachis-browning development. By three months, CO2 levels >15% significantly 
accelerated rachis-browning development. Late harvested ‘Redglobe’ grapes tolerated 
>15% CO2 before they started to show rachis browning by the second month of storage. 

During the 1999 season, ‘Redglobe’ rachises started to show the first signs of 
rachis browning (score >2.0) by two months of cold storage (Table 1). By two months, 
the rachis condition of clusters stored in air and 10% CO2 looked significantly better than 
the rachis condition of clusters stored under any of the 15% CO2 combination treatments. 
After three months of storage, rachises from all of the treatments showed visible signs of 
rachis browning. By three months, there were no significant differences in rachis 
browning between treatments (Table 1). SSC, TA, SSC:TA, berry shatter and berry 
firmness were not affected by storage atmosphere during the three-month storage period 
(data not shown). Decay measured immediately after cold storage was not observed until 
the third month of storage on any of the CA treated grapes. For air-stored grapes, 30% of 
clusters had nesting by one month and almost 100% had nesting by two months. CA-
stored grapes reached 30% nesting in the worst case. Thus, there was significantly higher 
nesting measured immediately after cold storage on air stored than CA stored ‘Redglobe’ 
grapes. 



 805

After one month at 0ºC followed by three days at 20ºC, there was more nesting 
and total decay development in air stored than in CA stored grapes. In the control, 30% of 
the clusters had nesting, while in the worst performing CA treatment only 10% of the 
clusters had nesting. After two months at 0ºC + 3 days at 20ºC, there was still more 
nesting and total decay development in air-stored than in CA stored grapes. At this time, 
100% of air-stored clusters had nesting, while in the worst performing CA treatment only 
30% of the clusters had nesting. In addition, total decay was at least tenfold higher in the 
air stored than any of the CA treatments. After three months at 0ºC followed by three 
days at 20ºC, total decay reached a commercially-important level but it was always higher 
in air-stored fruit than CA stored fruit. Grapes stored under any of the CA combinations 
had significantly lower total decay and nesting than air-stored grapes. There was 23% 
total decay in air-stored fruit and less than 3.1% in CA stored fruit. However, rachis 
browning was accelerated after two months under CA treatments by using CO2 levels 
>15%. 
 
CONCLUSIONS 

We conclude that >10% CO2 combined with 3, 6 or 12% O2 limits botrytis decay 
development on ‘Redglobe’ table grapes during a 12-week cold storage. However, it is 
important to point out that above 10% CO2 accelerates rachis browning development. The 
effect on these two quality attributes was also related to grape maturity. Based on these 
data, 10% CO2 combined with 3, 6 or 12% O2 is suggested for up to 12 weeks storage for 
late harvested ‘Redglobe’ grapes. A 10% CO2 + 6% O2 is suggested only up to 4 weeks 
for early harvested ‘Redglobe’ grapes. 
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Tables 
 
Table 1. Quality of ‘Redglobe’ table grapes, harvested at 16.7% SSC and stored under 

different controlled atmosphere treatments measured during storage at 0ºC and after 3 
days at 20ºC (1999). 

 
Storage atmosphere  Rachis Browning  Botrytis Decay 
     After storage 

at 0ºC After 3 days at 20ºC 
CO2 
(%) 

O2 
(%) 

 (1-4)z  Nests 
(#) 

Nests 
(#) 

Decay 
(% wt.) 

1 month        
10 3  1.3  0.0 0.0 0.9 
10 6  1.3  0.0 0.0 0.3 
10 12  1.7  0.0 0.0 2.4 
15 3  2.3  0.0 0.0 0.0 
15 6  1.7  0.0 0.0 1.3 
15 12  1.0  0.0 0.1 3.2 
Air   2.0  0.3 0.3 11.3 
P-value   0.2  0.46 0.56 0.22 
LSD0.05   NS  NS NS NS 
2 months        
10 3  1.7a  0.0a 0.0a 1.1a 
10 6  2.3a  0.1a 0.3a 2.1a 
10 12  2.0a  0.0a 0.0a 0.0a 
15 3  2.7b  0.0a 0.3a 1.3a 
15 6  3.3b  0.0a 0.0a 0.0a 
15 12  2.7b  0.1a 0.3a 0.3a 
Air   1.3a  1.0b 1.0b 14.2b 
P-value   0.033  0.011 0.038 0.0009 
LSD0.05   1.1  0.5 0.7 5.6 
3 months        
10 3  2.7  0.0a 0.0a 0.3a 
10 6  3.0  0.0a 0.0a 0.6a 
10 12  3.7  0.0a 0.0a 0.6a 
15 3  4.0  0.0a 0.3a 3.1a 
15 6  3.7  0.0a 0.0a 0.7a 
15 12  3.7  0.0a 0.0a 1.1a 
Air   3.3  0.7b 0.7b 23.3b 
P-value   0.20  0.015 0.011 0.0095 
LSD0.05   NS  0.4 0.5 12.1 

z Rachis score: 1 = healthy, 2 = slight browning of the cap rachises, 3 = browning of the 
cap rachises and lateral rachises, and 4 = severe browning of the cap rachises, lateral 
rachises and main rachis. 
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Fig. 1. Decay incidence on early (14% SSC) harvested ‘Redglobe’ table grapes after 1, 2, 

and 3 months at 0ºC in different CO2-enriched atmospheres. Different letters 
indicate a significant difference between storage atmospheres by LSD 0.05. 
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Fig. 2. Rachis browning scores of early (14% SSC) and late (17% SSC) harvested 

‘Redglobe’ table grapes after 1, 2, and 3 months at 0ºC in different CO2-enriched 
atmospheres where 1 = healthy rachises with no browning; 2 = brown cap 
rachises, laterals and rachis green; 3 = brown cap rachises and laterals, rachis 
green; 4 = cap rachises, laterals and main rachis brown. Different letters indicate a 
significant difference between storage atmospheres by LSD 0.05. 


