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Abstract: Modified atmosphere (MA) storage of avocado fruits (Persea Americana Mill.) cvs. Hass and

2 2 Fuerte were used at 2 % O  plus 5 or 8 % CO at 5°C and fruits transferred weekly to ripe at 20°C
through the seasons of 2003 and 2004. Responses of fruit quality characteristics to MA conditions after
ripening were studied. There was a close relationship between gas exchange and fruit behavior throughout
ripening and storage life expanding. Generally, respiration rate of Fuerte avocado was lower than that in
Hass fruits either in air or MA conditions. MA treatments lowered the respiration rate of avocado fruits

2in both cultivars than control fruits with  the  same pattern of CO  production, but increased with higher

2CO  level of 8 %. Hass fruits stored for 5 and 7 weeks at 5°C, while Fuerte fruits expanded its storage

2 life to 8 and 9 weeks under MA conditions. Moreover, MA of high CO level of 8 % showed lower

2 weight loss percent and higher fruit firmness than that occurred in fruits exposed to 5 % CO of both
cultivars with more expand storage period. Treated avocado fruits had  significant  reduction  in  total
chlorophyll content and purple colour of Fuerte fruits was obtained after 3 weeks at 20°C of control fruits
but delayed to 8 and 9 weeks at 5 or 8 % conditions, while, dark – purple colour of Hass fruits appeared
after 5 and 7 weeks under MA storage and ripening. Also, fruits of both cultivars maintain in good quality

2and free from peel injury discoloration for 4, 2 and 5, 3 weeks under MA storage in 5 or 8 % CO
respectively. Cellulase activity showed great increase with major role in softening of avocado fruits, while,

2pectinase activity decreased in fruits stored under MA conditions with lower values at higher CO
concentration.

Key words: Persea americana, Quality, Ripening, Modified atmosphere, Gas exchange, Colour, Firmness,
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INTRODUCTION

Application of controlled and modified atmospheres

2(CA and MA) generally involves reducing oxygen O

2and elevating levels of carbon dioxide CO . However,

2the effects of elevated CO  concentrations vary greatly
with plant species . Many beneficial effects of[1]

controlled and modified atmospheres storage are
attributed to reduction of oxidative respiration. Parallel
to the effect on respiration, the energy needed to
support other metabolic processes is affected. Reduce
ethylene production and respiratory activity, better
flavor retention slower softening rates, slower green
colorless and maintenance of organic acid levels were
noticed In contrast to these positive results,[2,3] 

2undesirable results can occur when more extreme O
atmosphere are used in attempts to extend storage life,
alleviate physiological disorders and for insect
disinfestations or control of postharvest pathogens.
These undesirable responses consist mainly of
discoloration and off flavor development  The[2].

relationship between gas exchange rates and rates of

quality loss has been much more complex. Much
research has been one to define optimum MA
conditions for many fresh food products A first[4]. 

approach for linking the rates of the main quality decay
processes in avocado is taken by .[3]

It has been shown that by combining controlled
and modified atmospheres with low- temperature
storage, it is possible to delay fruit ripening and
prolong its storage durability . The vast majority of[5,6]

CA and MA studies have been conducted with the goal
of determining the atmosphere and temperature
combination that allows the longest possible storage life
to be attained  [7].

Atmospheres containing low concentrations of
oxygen have also been reported to reduce chilling
injuries, possibly by inhibition of the accelerated
oxidation processes associated with some chilling
injuries . Chilling injury in avocado fruit is[6]

characterized by flesh discoloration in the early stages
of  development;  with  the pulp (mesocarp) becoming
dark brown in later stages . This discoloration in[8]

avocado has been attributed to oxidation of phenols by
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polyphenol oxidize .[9]

The objective of the present study was to elucidate
the effect of combinations of oxygen and carbon
dioxide concentrations on the fruit quality and ripening
changes under modified atmosphere conditions of Hass
and Fuerte avocados. 

MATERIALS AND METHODS

Fruit: Export quality of Hass and Fuerte avocados
(Persea Americana Mill.) were obtained from a private
orchard (Nemous) Giza region Egypt. Fruits were
harvested at the first August and November of 2003
and 2004 for Hass and Fuerte cultivars respectively,
graded, packed and transported to the laboratory of
ADS project in Cairo University. On arrival, fruit that
were uniform in size, colour and firmness were
selected, washed, air dried and treated on the day of
harvest. The initial quality measurements were
determined.

M A Treatments: Fruits were enclosed in 10–L glass
jars for modified atmosphere treatments. Nitrogen from
nitrogen cylinder was flushed into the jars for complete

2replacing N  instead of normal air. The jars were
connected with Servmex instrument (Food Pack Gas
Analyzer Model 1450C) and oxygen and carbon

2 2dioxide concentrations were flushed from O  and CO
cylinders to the jars and fruits were subjected to two

2 2. MA conditions of 2 % O  plus 5 or 8 % CO The

2. balance of all treatments was N The control fruits
were placed in jars with aerobic atmosphere. After
treatments, all fruits (jars) were closed and stored at
5°C and 85 – 90 % RH. Three replicates for each
treatment and sampling time were used and each
replicate consists of 5 and 10 fruits for Fuerte and
Hass avocados, respectively. Samples for fruit quality
assessment were taken at 7 days intervals. In each
sample, the jars were opened and fruit were transferred
to fiberboard cartons and held in controlled temperature
room for one week at 20°C for ripening. Gases
measurements and Fruit quality were determined.

Gases Measurements: Oxygen and carbon dioxide
concentrations were confirmed and monitored by gas
chromatography. In each sample, 0.5 ml headspace
samples  were  removed from each jar and injected
into gas chromatograph (Carle instrument, Model 111)
with  thermal conductivity detector with molecular
sieve and propak Q column were used to measure
oxygen and carbon dioxide production and respiration
rate .[10]

Quality Assessments:
Weight loss: The loss in mass fruit weight was
recorded and calculated as percentage .  [11]

Peel Colour: The avocado colour changed from green

to brown–black during normal ripening . For color[12]

assessment five stages were defined: 1= green; 2= light
green; 3= changing to purple; 4= purple; and 5=dark
purple.

Peel Injury: The percentage of skin injury was scored
as a blackening of the peel and nodule damage with
black color. Each fruit was rated as having acceptable
commercial external appearance, if there was less than
5% skin damage and less than 5 % of damaged
nodules combined  [13].

Fruit Firmness: It was determined using Ametek
pressure tester, fitted with an 8 mm hemispherical
probe (probe penetration 2 mm). Firmness of 5 fruits
from each replicate was measured at two opposite
points on the equator of each fruit after removing a
thin slice of skin from each site, results calculated as
Newton units . [12]

Total Chlorophyll: 1gm of fruit skin was extracted
with 10 ml methanol. Chlorophyll a and b were
measured calorimetrically and total chlorophyll
concentrations were calculated according to .[14]

 
Pectinase and Cellulose Activities: 0.5 ml of
supernatant  enzyme  extraction were used and mixed
in acetate and citrate buffer and incubated at 45 and
50°C for l0 min for pectinase and cellulose
respectively. The reaction was stopped with 3 ml of 3,
5-dinitrosalicylic acid reagent, the color was obtained
after heating for 10 min. and measured at wavelength
of 570 nm and expressed as one unit of pectinase
activity liberates 1 Mmol D-galactouronic acid in
milliliter per min . While, Cellulase color was[15] [16]

measured  at  wavelength  of  5  %  nm with
shimadzu UV-VIS spectrometer model UV-240 and
expressed as one unit of cellulose activity liberates1M
mol glucose. Cellulose activity liberates 1M mol
glucose in milliliter per min .[15,17]

Statistical Analysis: The design for this experiment

was a Completely Randomized Design (CRD) with

three replications. Data were analyzed with the

Analysis of Variance (AVOVA) procedure of MSTAT-

C program. Data was treated by analysis of variance

with standard deviation. 

RESULTS AND DISCUSSIONS

Gas Exchange: It can be seen from (Fig.1) that

ripening Hass fruits at 20°C for one week after MA

2 2 storage at 5 or 8 % CO + 2 % O resulted in

noticeable increase in respiration rate reaching a peak

value of 44.60 and 53.64 mg kg hr up to 4 weeks at-1 -1 

2 2 5 % CO and 5 weeks at 8 % CO respectively and

then  decreased  slightly.  In  control  fruits  of  Hass
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2 2Fig. 1: Respiration rate (C) of Hass (Left) and Fuerte (Right) and CO production (B) and O  uptake (A) of

avocado fruits ripened at 20°C for one week after MA treatments stored at 5°C. Values are the means

of 3 replicates and each of 10 and 5 fruits respectively. The vertical bar represents a mean±S.d.

avocado kept only at 20°C, respiration rate continued

to increase recording their maximum rate of 53.36 mg

kg hr at the 2  week of ripening compared with that-1 -1 nd

2detected  in  fruits  previously stored at 5 % CO  for

24  weeks  before  ripening  on  that  at  8  %  CO

 for 5 weeks before ripening with respiration value of

 21.60 and 28.40 mg kg hr respectively. Although there-1 -1 

are minor variations, the respiration rate responses of

Fuerte avocado fruits to MA treatments for all the

experimental periods were qualitatively similar to that

just described for Hass pattern. The notable exceptions

are that the climacteric values, the peak of respiration

rate were 28.66, 30.62 and 21.69 mg kg hr was-1 -1 

2 2 observed up to 7 weeks at 8 % CO  plus 2 % O and

2 2 6 weeks at 5 % CO + 2 % O and 2 weeks for control

fruits respectively. After that, respiration rate declined

slightly till the end of storage period. 

The differences between MA treatments in both

cultivars were significant. Generally, the results may

indicate that respiration rate of Fuerte avocado fruits

were lower than that in Hass fruits during storage

either in air or MA conditions. In both cultivars long

2storage period at MA conditions (5 weeks at 5 % CO

2for Hass and 9 weeks at 8 % CO  for Fuerte) resulted

in great reduction in respiration rate during holding.

2Similarly, found that high CO  modified atmosphere [3] 

lowered the respiration rate of Hass avocado fruits. 

Also,  found that higher storage atmosphere[18]

treatment of Hass fruits before cold storage lowered its

respiration rate than untreated ones.

2 Figure  1 showed also the changes of O uptake

2 and  CO output of Hass and Fuerte avocado fruits.

2 The initial rate of O uptake was 15.83 and 12.90 mg

kg hr for Hass and Fuerte avocados respectively and-1 -1 

then gradually decreased either in air or MA

2 2  2conditions. MA at 5 % CO + 2 % O had the least O

values of 3.15 and 4.18 mg kg hr for Hass and Fuerte-1 -1 

avocados up to 5 and 8 weeks respectively. Control

2 fruits kept in air at 20°C exhibited the highest O rate

of  6.61  and  5.27  mg  kg hr at 3  and 4  week of-1 -1 rd th
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Fig. 2: Weight loss of Hass avocado (A) and Fuerte

(B) avocado fruits ripened at 20 C for oneo

week after MA treatments stored at 5 C.o

Values are the means of 3 replicates and each

of 10 and 5 fruits respectively. The vertical

bar represents a mean ± S.D.

2Hass and Fuerte respectively. The CO  production had

the same pattern of respiration rate either in air or MA

conditions throughout the experimental period of both

cultivars of avocados (Fig1). The results revealed equal

2peak of CO  production of 24.71 and 24.92 mg kg hr-1 -1

2 2of Hass fruits exposed to 5 % or 8 % CO +2% O

respectively and then decreased of MA storage at

5 Cand 1 week at 20°C. 0

2  The CO production of Fuerte fruits exposed to 2

2 2% O +  8  %  CO   evolved the same equal peak

value of 24.78 mg kg hr  at the 7  week of MA-1 -1 th

2storage. In control fruits, CO  production increased

gradually recording 13.09  and  15.  10  mg  kg hr-1 -1

of  Hass  and Fuerte up to 3 and 4 weeks storage at

20°C respectively.

Weight Loss: The average weight loss percentage of

Hass and Fuerte avocados significantly increased after

ripening at 20°C for one week parallel to length of

modified atmospheres storage at 5 C (Fig. 2). 0

Moreover, the highest weight loss percentage of

15.13 % was recorded in Hass fruits previously stored

2 2at  2  %  O   +  8 % CO  for 7 weeks at 5 C and one0

Fig. 3: Fruit firmness of Hass (A) and Fuerte (B)

avocado  fruits  ripened  at 20°C for one

week after MA treatments stored at 5°C.

Values are the means of 3 replicates and each

of 10 and 5 fruits respectively. The vertical

bar represents a mean±S.D.

week at 20°C. It is followed by 11.69 % loss in fruits

2 2also stored at 2 % O  + 5 % CO  for 5 weeks. Control

fruits kept at 20°C for two weeks were significantly

2equal to that stored for 6 weeks at high CO

 2 concentration of 8 % plus 2% O (12.68 %) before

ripening. Similarly, Fuerte avocado fruits appeared

lower weight loss percent of 11.90 % in fruits stored

2 2 at high CO of 8 % + 2 % O as compared with those

2 2 stored at 2 % O  + 5 % CO which had 13.79 % for

the same period of storage at 5 C for 8 weeks and one0

week at 20°C. Control Fuerte fruits kept continuously

at 20°C for three weeks showed 10.05 weight loss

percent. 

In this concern  reported that modified[19,20]

atmosphere storage reduced weight loss.  found that[21]

Modified atmosphere packaging (MAP) with 5-70 %

2 2CO  and 3-50 % O  concentrations reduced weight loss

of Hass and Fuerte avocado fruits . [21]

Fruit Firmness: Control fruits of Hass and Fuerte

avocados kept only at 20°C showed sharp decrease in

fruit firmness from 75.17 Newton units at harvest to 

reach 20.17 and 15.97 (N) after 2 and 3 weeks of

ripening,  retained only 27.0 and 21.0 % of its firm at
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Fig. 4: Total chlorophyll of Hass (A) and Fuerte (B)

avocado fruits ripened at 20°C for one week

after MA treatments stored at 5°C. Values are

the means of 3 replicates and each of 10 and

5 fruits respectively. The vertical bar

represents a mean±S.D. 

the beginning of storage of both cultivars respectively.

2 2 Low-CO  treated fruit of Hass cultivar at 5 % CO plus

 2 2 % O remained slightly firmer than those fruits stored

2previously in MA storage of high CO  of 8 % + 2 %

2 O (22.26 and 20.79 N units) for 5 and 7 weeks of

MA storage at 5°C and ripened for one week at 20°C.

The same decline in firmness of Fuerte fruits under

MA storage conditions was observed. The present

results confirmed that reported by  on Lula and Hass[19]

avocado fruits that there was no loss of firmness during

2storage with CO  at 12°C up to 4 weeks.  reported[22]

that stored Hass fruits under MAP remained firm and

unripe after 232 hr. Also, change in softening of Hass

avocado fruits was almost completely inhibited under

different modified atmosphere conditions .[3]

Total Chlorophyll: According to (Fig. 4) total

chlorophyll content in both avocados decreased

continuously after ripening at 20°C parallel to the

progress of cold storage periods at 5 C under modified0

2 2.atmosphere of 2 % O and 5 or 8 % CO   Further

decline in chlorophyll content was noticed in fruits

2  2received 2 % O + 8 % CO  after 7 weeks of MA

storage at 5 C and transferred to ripe for one week at0

2 20 C than that stored at high CO level (8 %) plus 2 %0

2O . Thereafter,  such decline in chlorophyll content was

Fig. 5: Peel colour of Hass avocado (A) and Fuerte

(B) avocado fruits ripened at 20°C for one

week after MA treatments stored at 5°C.

Values are the means of 3 replicates and each

of 10 and 5 fruits respectively. The vertical

bar represents a mean ± S.D.

2 much faster at low CO level of 5 %. Control fruits

(without MA) of the two cultivars showed significant

reduction in total chlorophyll content with the advance

of storage period at 20 C, but with higher content0

compared with fruits of all MA treatments. Avocado

peel is rich in chlorophyll content and its quantity in

the peel fruits was inversely correlated with the

changes of colour appearance during ripening and

eating quality stage of fruit. It is also correlated with

the severity of the peel injuries in avocado fruits in

both cultivars of all MA treatments.

In this concern,  noticed that the amount of[18]

chlorophyll from fruit peel was negatively correlated

with chilling injury for Hass avocado fruits exposed to

2 97 % N for 24 h at 17°C.  recorded the same trend[23]

2 for Fuerte avocado fruits with low O concentration.

Peel Colour: The change in peel colour of Hass and

Fuerte avocado fruits ripened at 20°C for one week

2after modified atmosphere storage at 2 % O  + 5 or 8

2 % CO to different stages were showed in (Fig 5). The

peel colour of untreated fruits of Hass cultivar changed

from light green to purple after holding at 20°C for

one week. While, dark purple color was obtained after

2 weeks of ripening for control fruits, but it delayed to

5  and 7 weeks for fruits stored at 5 C in MA of 5 or0
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Table 1: Effect of MA storage at 5°Cand transferred to ripen at 20°C on the peel injury percentage of Hass and Fuerte avocado fruits.
Hass Fuerte
---------------------------------------------------------------- --------------------------------------------------------------------------------------

             Storage in weeks at 5°C and 1 week at 20°C
-------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatments 2 5 7 3 5 7 9

2 22% O  + 5% CO 0.00 j ± 0.00 12.35 b ± 0.65 ND* 0.00 h ± 0.00 2.38 g ± 1.40 9.38 e ± 1.16 ND*
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 22% O  + 8% CO 0.00 j ± 0.00 2.99 f ± 0.18 13.26 a ± 0.40 0.00 h ± 0.00 0.00 h ± 0.00 5.89 f ± 1.30 16.32 c ± 1.53
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Control 11.46 c ± 0.88 ND* ND* 20.00a ± 1.31 ND* ND* ND*

Table 2: Cellulase and pectinase activity in MA storage of Hass and Fuerte avocado fruits at 5°C and after ripening at  20°C for one week
Hass Fuerte
----------------------------------------------------------------------- -----------------------------------------------------------------------
Cellulase Pectinase X10 Cellulase Pectinase X103 3

Modified ------------------------------- --------------------------------- ------------------------------- ---------------------------------
Atmosphere Transfer Ripening Transfer Ripening Transfer Ripening Transfer Ripening
Treatments from 5C at 20°C from 5°C at 20°C from 5°C at 20°C from 5°C at 20°C

2 25% CO  + 2% O 43.83 2.235 3.388 19.25 38.18 12.274 8.36723.24

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

2 28% CO  + 2% O 39.56 5.104 3.454 17.16 32.25 12.368 8.37520.43

----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
At harvest 4.32 8.326 3.38 12.779

2 28 % CO  plus 2 % O  before holding at 20°C

respectively. Ripening Fuerte fruits at20°C  change  the

peel  colour from green to purple after  3  weeks  in

control  fruits,  but it delayed to 8 and 9 weeks in

2fruits stored under MA conditions at 5 or 8% CO +2%

2O  before ripening respectively. 

These results are harmony with those reported

by  that peel color of avocado fruits cv. Hass stored[12,24]

2 2at control atmosphere  with  low  O   and  high   CO

  delayed  for 30 days.  recorded that fruit color[25]

2 2retarded by decreasing O  and increasing CO .

Peel Injury: There was no injury was observed in the

peel of Hass fruits previously stored at 5°C for 2

2weeks at both CO  concentrations of 8 or 5 % plus 2

2 % O and ripened for one week at 20°C (Table 1).

2Moreover, modified atmosphere treatment of 8 % CO

 2 + 2 % O had the least peel damage percent of 2.99 %

at 5°C for 5 weeks and one week at 20°C compared

2 2 with those stored in MA at 5 % CO  + 2 % O which

had 12.35 % of peel injury at the same period of

storage. The differences between those treatments were

significant. In control fruits of Hass avocado, they

recorded 11.47 % of peel injury percent after 2 weeks

of holding at 20°C. Fuerte fruits of both MA

treatments maintain in good quality or even free from

peel injury discoloration after 5 weeks at 5°C plus one

week at 20°C to ripe. Meanwhile, control fruits just

remained for one week at 20°C without any damage

percent but they reached  to the significant highest peel

injury percent of 20 % after kept at 20°C for 3 weeks.

In this respect  recorded that MA storage[23]

significantly reduced chilling injury symptoms of Hass

and Fuerte avocado fruits. Moreover, proved that[26] 

2low or high CO  concentrations reduced surface scald,

pulp browning and internal breakdown in Heidi mango

fruits. 

Cellulase and Pectinase Activity: Cellulase and

pectinase activity in Hass and Fuerte avocado fruits at

the 5  week of MA storage at 5°C and after ripeningth

at 20°C were showed in (Table2). Hass avocado fruits

showed great increase in cellulase activity which

reached 23.24 and 20.43 units/gm FW after MA

2 2storage in 5 or 8 % CO  + 2% O  at the 5  week ofth

storage at 5°C respectively. Further increase of 43.83

and 39.56 units/gm after holding at 20°C for one week

compared with the initial value of 4.32 units at harvest.

Meanwhile, pectinase activity decreased after MA

storage (6.235 and 5.104 x10 ) as well as after ripening3

(3.388 and 3.454 x10 ) for the tested treatments3

respectively compared to the activity of pectinase at

harvest (8.32 x10 ). Similarly, Fuerte avocado fruits3

showed an increase in cellulase activity (19.25, 17.16

units  /gm FW) throughout MA storage at 5°C for 5

2 2.weeks in 5 or 8 % CO  plus 2 % O  Further increase

(38.18 and 32.25 units / gm FW) after ripening at

20°C for one week respectively. Also, pectinase activity

decreased during MA storage at 5°C for 5 weeks

(12.27 and 12.368 x10 ) as well as after holding at3

20°C for one week (8.367 and 8.375 x10 ) as3

compared with cellulase and pectinase activities at

harvest (2.38 and 12.779 x10 ) respectively. 3

Increasing rate of cellulase activity at cold storage

and after holding in Hass fruits which had lower

storage  ability  as  compared  with Fuerte fruits could
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indicate its major role in softening of avocado fruits.

Meanwhile, pectinase activity may have a low effect in

this concern as its activity decreased during cold

storage and holding of avocado fruits.

Similarly,  recorded that accumulation and[27]

activity of cellulase were inhibited in Hass avocado

2 fruits stored in low O atmosphere and the inhibition

being mediated via an effect on ethylene action.

Also,  found that the accumulation of ethylene in the[28]

controlled atmosphere unit was associated with a

decrease in the pectinase activity of avocado fruits at

removal from storage. 
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