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Abstract. Changes in air composition of the citrus storage atmosphere and of the internal atmosphere of the fruit 
as affected by the ventilation rate were studied using 1 grapefruit and 2 orange cultivars. These changes were examined 
in relation to fruit weight loss, ethanol content of the juice, and rot development during storage periods of up to 5 
months. Rates of ventilation affected the C 0 2 concentrations more than the 0 2 levels of both the external and internal 
atmospheres of the fruit. In small-scale tests, ventilation rates as low as 10% hr- 1  of the empty volume of the storage 
space did not cause major changes in the gas composition, nor did they effect fruit quality adversely. In commercial 
tests, however, an increased rate of ventilation (70% to 1 0 0 % hr-1) was needed to reach similar results. On the basis 
of this information we recommend reducing the ventilation rate in commercial citrus storage rooms from 150% or 
200% hr-1 , the rate now commonly employed, to 100% hr-1 . This reduced ventilation rate will help lower costs of
refrigeration, while maintaining good fruit quality.

Most citrus cultivars have a relatively long postharvest life. 
Consequently, these fruit are stored for periods of up to 7 months, 
making the fruit available to the consumer almost year around. 
Of the 3 primary environmental factors affecting fruit quality in 
storage (temperature, relative humidity, and composition of at-
mosphere) the first 2 have been studied extensively and optim-
ized for storage of citrus fruit (3, 14). The composition of the 
atmosphere in storage, however, has received much less atten-
tion (3).

It has been recognized that ventilation of citrus storage rooms 
is necessary for successful storage or transport (3, 4, 10, 11, 
13, 14, 21). In the absence of adequate ventilation, changes 
occur in the composition of both the storage atmosphere and 
the internal atmosphere of the fruit (2, 6 , 7, 10, 11). However, 
unlike several other fruit and vegetables which clearly benefit 
from modified (or controlled) atmosphere storage (16), citrus 
fruit do not respond favorably to these conditions (9). Reduced 
0 2 levels often lead to a distinct off-flavor, and an accumulation 
of ethanol in the fruit (5, 6 , 7, 15, 2 0 , 21 ), whereas increased 
C 0 2 concentrations do not reduce, and sometimes increase, the 
incidence of decay (2, 10, 25). Another possible undesirable 
change in the storage atmosphere is an increased concentration 
of C2H4. Although healthy citrus fruit produce very little of this 
gas after harvest (19, 23), fungal rots, particularly the green- 
mold rot caused by Penicillium digitatum, very markedly in-
crease the rate of C2H4 production (10, 19). Removing or re-
ducing C2H4 levels in the storage room has been shown to 
improve lemon (24) and grapefruit quality in storage, especially 
when the storage period is long and C2H4 concentrations are 
high (8 , 10, 12, 15). Other volatile compounds also are pro-
duced by citrus fruit after harvest (17). The increased evolution 
of some of them, e.g., ethanol and acetaldehyde, has been as-

Received for publication 27 Feb. 1984. Contribution from the Agr. Res. Org., 
The Volcani Center, Bet-Dagan, Israel. No. 963E 1984 Series. The technical 
assistance of S. Yavin and Y. Zutchi is acknowledged. We wish to thank A. 
Gisser and N. Kaplan of the Israel Citrus Marketing Board for their participation 
in the commercial tests. Supported in part by a grant from the Israel Citrus 
Marketing Board. The cost of publishing this paper was defrayed in part by the 
payment of page charges. Under postal regulations, this paper therefore must 
be hereby marked advertisement solely to indicate this fact.

sociated with accelerated rot development (20 ) and fruit senes-
cence (18).

To avoid these undesirable changes in the gas composition 
of the storage atmosphere, ventilation is provided during citrus 
storage by introducing outside air into the storage room at a rate 
of 150% to 300%-hr_1 (V / 2  to 3 exchanges-hr" 1 of the empty 
volume of the storage room) and circulating the internal air. 
When external temperature is high, the introducton of fresh air 
increases the cost of refrigeration and also may make it more 
difficult to maintain the required storage temperature and rela-
tive humidity.

To the best of our knowledge, no comprehensive study has 
been undertaken to determine optimal ventilation requirements 
of the main citrus fruit cultivars during storage or shipment. 
Current recommendations are based on experience, which has 
shown that the introduction of fresh air at a rate of 150% to 
300%-hr"1 usually is adequate. The high cost of energy and the 
need for energy conservation prompted us to study the effect of 
reduction of the ventilation rate on the quality of the fruit, by 
evaluating responses of the fruit to the gas composition of the 
storage room and to the internal atmosphere of the fruit.

Materials and Methods

The fruit used in all experiments was freshly harvested grape-
fruit (Citrus paradisi Macf.) ‘Marsh’ and oranges (Citrus si-
nensis Osbeck) ‘Shamouti’ and ‘Valencia’, commercially treated 
in the packing-house. The fruit either were placed in 3-liter glass 
jars or packed in cartons. For small-scale experiments, 4 to 6 
fruit were placed in each glass jar. In other tests, 4 cartons (160 
fruit) were placed in polyvinyl chloride (PVC) tents, leaving 
10% to 15% of the tent volume unoccupied by the cartons. Fresh 
air was passed through the fruit in the jars or tents at rates of 
100%, 50%, 25%, 10%, 5%, 2.5% or 0%-hr" 1 of the empty 
volume of the jar or tent. Control fruit were packed in cartons 
and kept under ventilation conditions of 150% to 200%-hr-1 . 
The tents and jars were placed in refrigerated rooms at 11°C, 
and the relative humidity was kept high (90% to 92%) by pass-
ing the fresh air through water before introducing it to the fruit. 
To avoid excess humidity in the tents, the air was cooled to 11° 
and only then passed through water and to the fruit. Duration
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TIME IN STORAGE (days)
F i g .  1. C h a n g e s  in  0 2 c o n c e n t r a t i o n  in  t h e  t e n t  a t m o s p h e r e  a n d  in  

t h e  i n t e r n a l  a t m o s p h e r e  o f  g r a p e f r u i t .  P a c k e d  f r u i t  w a s  s t o r e d  in  P V C  
t e n t s  a n d  v e n t i l a t e d  at  r a t e s  o f  5 0 %  t o  2 . 5 % -h r  1 f o r  p e r i o d s  u p  t o  
1 5 0  d a y s .  V e n t i l a t i o n  r a t e s  f o l l o w e d  b y  t h e  s a m e  l e t t e r  d o  n o t  d i f f e r  
s i g n i f i c a n t l y  at  t h e  5 %  l e v e l  u s i n g  D u n c a n ' s  m u l t i p l e  r a n g e  t e s t  f o r  
d i f f e r e n c e s  b e t w e e n  a t m o s p h e r e s .

F i g .  2 .  E f f e c t  o f  v e n t i l a t i o n  r a t e  in  c o m m e r c i a l  s t o r a g e  r o o m s  o n  0 2 
c o n c e n t r a t i o n  in  g r a p e f r u i t  s t o r a g e  r o o m s  a n d  in  t h e  i n t e r n a l  a t m o s -
p h e r e  o f  t h e  f r u i t .  V e n t i l a t i o n  r a t e s  f o l l o w e d  b y  t h e  s a m e  l e t t e r  d o  
n o t  d i f f e r  s i g n i f i c a n t l y  at  t h e  5 %  l e v e l  u s i n g  D u n c a n ’ s m u l t i p l e  r a n g e  
t e s t  f o r  d i f f e r e n c e s  b e t w e e n  a t m o s p h e r e s .

o f  s to r a g e  w a s  up to  16 w e e k s ,  w ith  2 a d d itio n a l w e e k s  at 17° 
(1 5 0 %  to  2 0 0 % -hr 1 o f  fresh  air in tr o d u c tio n ) to  s im u la te  s h e lf  
l ife  c o n d it io n s . F or  la rg e  sc a le  c o m m e r c ia l tr ia ls w h ic h  w ere  
carried  o u t w ith  g ra p efru it o n ly ,  1 0 0  M T  sto ra g e  r o o m s p a c k e d  
to  70%  o f  th e ir  v o lu m e  w e re  u se d . F resh  air w a s  in tro d u ced  
th ro u g h  an o p e n in g  n ear the c o o lin g  c o ils  and fa n s  at rates o f  
e ith er  35%  v s . 100%  or 70%  v s . 150% *hr 1.

D u r in g  c o ld  s to r a g e  and s im u la te d  s h e lf  l ife  c o n d it io n s , s e v -
eral fa c to r s  w e re  a n a ly z e d  in the sto ra g e  c o n ta in e r  and in sid e  
the fru it. P e r io d ic a lly  the  c o m p o s it io n  o f  the a tm o sp h e re  ( 0 2 , 
C 0 2 , C 2H 4 , and e th a n o l)  near  the fruit as w e ll  as in its in ternal 
a tm o sp h e re  w a s  a n a ly z e d  b y  g a s  ch r o m a to g r a p h y  (8 , 17 , 19). 
S a m p le s  o f  th e  in tern al fruit a tm o sp h e re  w e re  o b ta in e d  b y  su b -
m e r g in g  the  fru it in w a ter  and w ith d r a w in g  a 7 - to  10 -m l g a s  
sa m p le  w ith  an a ir -tig h t sy r in g e  fro m  the cen tra l c a v ity  (c o re )  
o f  th e  f r u i t .  T h e  c o m b i n e d  v o l u m e  o f  g a s w i t h d r a w n  f r o m  3 
fru it w a s  u se d  fo r  e a c h  r ea d in g , w ith  3 r e p lic a te s  (a  to ta l o f  9  
fru it) p er  r ea d in g . O th er  p a ra m eters te sted  w e re  w e ig h t  lo s s  o f  
the fru it (2 0  fru it for  e a ch  tr ea tm e n t) , e th a n o l c o n te n t o f  the  
ju ic e  (3  fru it fo r  e a ch  trea tm en t) ( 1 8 ) ,  and the d e v e lo p m e n t  o f  
b le m is h e s  and rots (2 2 ) .  T w o  P V C  te n ts , e a ch  c o n ta in in g  4

carton s (at lea st 160  fru it) w e re  u sed  for  e a c h  v e n tila t io n  treat-
m en t. For c o m m e r c ia l tr ia ls tw o  100  M T  r o o m s per trea tm en t  
w ere used . T he tests w ere  carried out during 2 c o n se c u tiv e  years.

Results and Discussion

In all e x p e r im e n ts , b o th  in s m a ll- s c a le  te s ts  w ith  se v e ra l fruit 
in jars and in te s ts  w ith  c a r to n -p a c k e d  fru it, the  v e n tila t io n  rate 
a ffe c te d  the c o m p o s it io n  o f  b o th  th e  in tern al and the ex tern a l  
a tm o sp h e re  o f  fru it.

Oxygen. T h e  c o n c e n tr a t io n  o f  0 2 in th e  a tm o sp h e re  o f  the  
ten ts d e c r e a se d  o n ly  s l ig h t ly  and  w a s  k ep t at a le v e l  o f  1 7 .5%  
to 20%  at v e n tila t io n  le v e ls  o f  50%  to  2 .5 % -h r  1 d u rin g  a 
sto ra g e  p er io d  o f  1 50  d a y s  at 1 1°C (F ig . 1). T h e  0 2 le v e ls  in 
the in tern al a tm o sp h e re  o f  th is  fru it, h o w e v e r ,  w e re  r ed u ced  
m a rk ed ly  as the v e n tila t io n  rate w a s  d e c r e a se d  r ea c h in g  12%  to  
13% a t  l o w  v e n t i l a t i o n  r a t e s  ( F i g .  1). S i m i l a r  r e s u l t s  w e r e  o b -
ta in ed  a lso  w ith  fru it sto red  in g la s s  ja rs . In ten ts  w ith o u t any  
v e n tila t io n , 0 2 le v e ls  in the ten t a tm o sp h e r e  w e re  red u c ed  to  
12% and in the in tern al fru it a tm o sp h e r e  to  8%  w ith in  120  d a y s  
o f  sto ra g e  (data  not s h o w n ). T e s ts  in c o m m e r c ia l  s to ra g e  r o o m s  
r e v e a le d  that a d e c r e a se  in th e  v e n tila t io n  rate from  150%  to
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Fig. 3. Changes in C02 concentrations in the tent atmosphere and in 
the internal atmosphere of grapefruit as affected by the ventilation 
rate. Ventilation rates followed by the same letter do not differ sig-
nificantly at the 5% level using Duncan’s multiple range test for 
differences between atmospheres.

Fig. 4. Effect of ventilation rate in commercial storage on C02 con-
centration in grapefruit storage rooms and in the internal atmosphere 
of the fruit. Ventilation rates followed by the same letter do not 
differ significantly at the 5% level using Duncan’s range test for 
differences between atmospheres.

70%-hr-1 affected the 0 2 levels only slightly in the room at-
mosphere, whereas 0 2 levels in the internal atmosphere of the 
fruit reached the level of 14% to 15% (Fig. 2).

Carbon dioxide. Different rates of ventilation affected the 
C 0 2 content more than the 0 2 level. C 0 2 levels increased as 
the ventilation rate decreased both in the tent and in the internal 
fruit atmosphere (Fig. 3).

In commercial storage room (Fig. 4), C 0 2 levels were very 
low, and internal fruit C 0 2 levels were similar to those in tents 
for 5% to 10%-hr_1 ventilation (Fig. 4). With no ventilation, 
C 0 2 levels in the tents reached 7% and, in the internal atmos-
phere, 12% after a storage period of 120 days (data not pre-
sented).

Different citrus fruit cultivars responded differently to the 
various rates of ventilations. The ‘Shamouti’ orange, which has 
a higher rate of respiration than the other cultivars (1), caused 
a change in the tent atmosphere that was more pronounced than 
that caused by the ‘Valencia’ and the grapefruit cultivars (Fig. 
5). Thus, the rate of ventilation applied during storage of ‘Sham- 
outi’ oranges should probably be slightly higher than that used 
for ‘Valencia’ or for grapefruit.

Ethanol content o f the juice. The ethanol content of grape-

fruit, stored in tents at ventilation rates of between 50% to 
2.5%-hr - 1, varied from 10 to 40 mg ethanol in 100 ml of juice. 
Within this range, the ethanol content increased at low venti-
lation rates. These levels had no clear effect on the visual ap-
pearance, flavor, or keeping quality of the fruit. Under no 
ventilation, however, ethanol content of the fruit reached 165 
mg-100 ml- 1 of juice resulting in off-flavor development. Sim-
ilarly, in ‘Shamouti’ and ‘Valencia’ orange, the reduced ven-
tilation rates had only a slight effect on the ethanol content, 
except under no ventilation treatment in which the ethanol con-
tent increased 6 times in ‘Valencia’ within 120 days and in 
‘Shamouti’ within 40 days. This fruit also developed a distinct 
off-flavor. In the commercial storage rooms, the ethanol content 
of*the juice after 2 months of grapefruit storage was 30 and 60 
mg-100 m l 1 juice for fruit stored in rooms with ventilations 
rates of 150 and 70%-hr_1, respectively.

Weight loss. Fruit weight loss corresponded directly to ven-
tilation rates. For example, after 5 months of storage in tents at 
11°C, weight loss of grapefruit was 5.6% at 50%-hr-1 venti-
lation while it was only 3.6% at a ventilation rate of 10%-hr_1 
(Table 1).

Decay. The incidence of decay and blemishes of grapefruit
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Fig. 5. Effect of ventilation rate during storage in PVC tents on C 0 2  

concentration in the atmosphere. ‘Shamouti’ (S) and ‘Valencia’ (V) 
oranges and grapefruit (G) were ventilated at rates of 5%, 10%, or 
25%-hr-1 . Lines followed by the same letter do not differ signifi-
cantly at P = 0.05% by Duncan’s multiple range test.

Table 1. Effect of ventilation rate of grapefruit storage on total fresh 
weight loss (percentage of initial) from the fruit after 150 days of 
storage at 11°C (85% to 90% RH).

Ventilation rate (%-hr-1)
150z 50 25 1 0 5 2.5 0

7.0 5.6 4.2 3.6 3.2 3.0 2 . 8

o.4y 0.4 0.3 0.3 0.3 0.3 0.3
zControl.
yThis row indicates s e .

stored in tents generally was low and was not affected by the 
various rates of ventilation. An exception was the case of no 
ventilation, in which fruit already showed severe deterioration 
after 6 weeks of storage at 11 °C and a very marked increase in 
decay (Fig. 6).

Table 2. Incidence of decay developed during commercial cold stor-
age of grapefruit2 as affected by the rate of ventilation of the storage 
room.

Ventilation rate Incidence of decay (%)
(%-hr~ ') After cold storage After shelf life

1 0 0 3.0 ± 1.0 3.6 ± 1.2
30 8 . 6  ± 2.3 10.2 ± 3.0

zThe fruit were stored for 16 weeks at 11°C (85% to 90% RH) followed 
by a 2-week period at 17°C to simulate commercial shelf life condi-
tions. At the end of the cold storage period, the internal concentration 
of C 0 2  was 4.2% in fruit stored at the low rate of ventilation and 3 .0 % 
in the fruit stored at the higher rate.

Results obtained in this study indicate that the composition 
of the storage atmosphere, as well as that of the internal at-
mosphere of citrus fruit, is affected by the rate of ventilation. 
Although a change in the 0 2 level may be critical for maintain-
ing high fruit quality (6 , 7, 10), different ventilation rates af-
fected C 0 2 more than 0 2 levels, particularly in the storage 
atmosphere. The level of C 0 2 in the storage atmosphere and/or 
in the internal atmosphere of the fruit, may serve as an indicator 
to help determine the actual, effective, and desirable rate of 
ventilation during storage of citrus fruit.

By comparing the results obtained in laboratory experiments 
with those obtained in commercial tents, it was found that at 
similar ventilation rates, levels of C 0 2 were somewhat lower in 
the former than in the latter. This difference is because each 
fruit in laboratory tests was exposed more directly to the intro-
duced air, and the entire volume of air could be exchanged more 
readily than in commercial tests in which the fruit were packed 
and stacked on pallets. Also, in commercial storage rooms, air 
circulation often is inadequate. The concentrations of C 0 2 found 
in laboratory test at ventilation rate of 50% and 25%-hr~1 (Fig.
3) were similar to those found in the commercial test at 70% 
and 150%-hr - 1 (Fig. 4), and were maintained at 0.2% to 0.3%. 
The C 0 2 levels of the internal atmosphere also were somewhat 
higher in commercial than in laboratory tests: at the ventilation 
rate of 70%-hr-1 , the C 0 2 level was 3.5% (Fig. 4) whereas in 
the laboratory tests it did not exceed 3.0% at 50%, 25%, and 
even 10%-hr-1 . These findings clearly indicate that the rate of 
ventilation under commercial conditions must be higher than in 
the laboratory test in order to reach equal air compositions.

Due to an unusually low incidence of decay, the results of 
the 1st commercial test did not show a clear effect of the reduced 
ventilation rate (70%-hr-1) on the incidence of decay. How-
ever, in a subsequent commercial test, when decay was some-
what increased, fruit stored at a low ventilation rate (30%*hr_ l) 
developed greater rot than fruit stored at the high rate of 
100%-hr-1  (Table 2). These data support earlier indications 
obtained from the ventilation experiments in tents suggesting a 
slightly increased incidence of decay under ventilation condi-
tions which increased internal C 0 2 concentration of the fruit.

The commonly used rate of ventilation of 150% to 300%-hr - 1 
indeed may be excessive. Results of both the laboratory and the 
commercial tests reported here show that a rate of 70% to 
100%-hr-1  could be used for ventilating grapefruit storage. 
However, since air circulation of storage space often is inade-
quate, the concentration of C 0 2 in the storage atmosphere and/ 
or in the internal atmosphere of the fruit should be analyzed in 
order to ensure that the reduced rate of ventilation does not cause 
excessive C 0 2 concentration under the specific commercial con-
ditions.
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Fig. 6 . Incidence of decay developed during storage of grapefruit as 
affected by the ventilation rate of the storage space. Decay in control 
fruit as well as in fruit kept at ventilation rates of 25% or 10%-hr“ \  
was similar to that of fruit kept at 5%-hr- 1  ventilation rate. Bars 
indicate s e .
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