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ABSTRACT

INTRODUCTION

Mango is considered as fruit of exce-
llence and thus has prominent position among
commercial fruits grown in Egypt. Egyptian
export of fresh mango fruit to 20 countries in
the Near East and Europe countries (FAO,
2007). Low temperature and some supplemen-
tal treatments very important to extend the
storage life of fruits and reduce physiological
disorders during storage.

Pesis (2004) illustrated that two
organic coating for post harvest application
have been recently developed in USA. One
coating is colloidal solution based on bees
wax and the other is based on carnauba wax.
Coating mango cultivars “Tommy Atkins”,
“Kent” and “Keitt” with organic coating dela-
yed fruit softening, color development, acid
breakdown and weight loss, ensuring longer
shelf life of fruits after storage. Organic coa-
ting of mango fruit with natural based wax did
not produce off flavors as accumulation of
anaerobic metabolites. Moreover, coating fruit
reduced the internal breakdown to a great
extent exhibiting better fruit texture. Dhemre

et al. (2005) subjected freshly harvested
mango fruits cultivar. Kasar to wax (6%), wax
coupled with carbendazim (0.1%) and captan
(0.2%) treatments. The treated and untreated
fruits were kept for storage at room tempe-
rature and in cold storage 10°C with (90-95%
RH.). Fruits treated with wax coupled with
carbendazim could be kept up to 50 days in
cool storage compared to 20 days at room
temperature. Data on shelf life, physiological
loss in weight, total soluble solids, and acidity
and total sugars indicated that the cool storage
might be an ideal storage facility to increase
the domestic as well as export marketing of
kasar fruits. Gaikwad ef al. (2006) found that
the “Alphonso” mango fruits treated with
CaCl, 2% + waxol (6%) + carbendazim
(0.1%) could be kept up to 16 days at room
temperature and 28 days in cool storage. El
Oraby et al. (2004) found that “Fagri Kilan”
mango held at 10°C showed any symptoms of
chilling injury till the end of storage period 28
days while fruits held at 5°C showed chilling
injury symptoms after 21 days from cold
storage. Phakawatmongkol ef al. (2004) stored
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mango fruit of six cultivars at 4, 8 and 12°C
(85-90% R.H.). The symptoms of chilling
injury in mangoes stored at 4,8°C develop
more rapidly and were more dramatic than in
those stored at12°C. Habib et a/. (2007) found
that on his study on sensory properties of
mango that control fruits had higher percen-
tage of weight loss, lower retention of total
soluble sold as acidity and very low score of
other quality such as skin color, flesh color,
and texture respectively during 15 days of
storage period at 32-35°C in comparison with
fruits packed in modified atmosphere. Galale
(2008) showed that “Zebda” and “Ewais”
mango peel color decreasing trend for "a*"
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value and increasing for "b*" values during
cold storage at 10°C, 13°C. In pulp color, "a*"
and "b*" values increase as the storage period
extended in all temperatures and cultivars stu-
died, that suggested tuming of pulp color to
yellow or orange yellow. Total carotenoids in
pulp of two cultivars increased with storage
temperature and storage period.

The aim of research is to study the
effect of two waxes (bees and Astiaric) as
coated for mango fruits and different storage
temperatures (8°C, 13°C) 85-90%RH and
ambient temperature (25-30°C) 55-60% RH.
on fruit quality and storability.

MATERIAL AND METHODS

This investigation was carried out
during 2005 and 2006 seasons. Keitt mango
fruits were harvested at green maturity stags
according to harvest indices of maturity
Sobeih and Hassan (2007) from berkash, Giza
governorate. In post harvest fruit handling lap,
fruits were washed with water and air dried,
then divided into three groups. The first group
washed with water without any treatment
{control), the second group of fruits was
sprayed with astiaric wax 4% and the last
group of fruits was sprayed with bee’s wax
4% and the fruits lifted to dry.

Fruits were packed in one layer in
carton boxes, each box contain 6 fruits. Four
boxes from each treatment were held at 8°C,
130C and 85-90% RH. The last groups of
boxes were held at ambient temperature 25-
30°C and 60-65% RH. Fruit physical and
chemical characters were determined every 10
days interval through out the storage period as
fellow. ‘

1- Fruit weight loss was calculated as a

percentage.

2- Flesh firmness was determined by using a
hand magness taylor pressure tester with
5/16 plunger. The flesh firmness was
measured in Lb/in®.

3- Peel and pulp color: peel and pulp color
was quantified using hunter colorimeter
model Dp 9000, “a” value negative
(green) positive (red), “b” value negative
(blue) positive (yellow) Mc Gjuire (1992)
and a*/b* ratio was calculated . ’

4- TS.S.: was determined by Abbe digital
refrectometer.

5- Titratable acidity: Total acidity was
determined in the juice as citric acid
according to A.0.A.C. (1990) _

6- Ripening index (RI) was calculated by
T.S.S./ Acidity %

7- P-carotene, was determined in the pulp
according to A.Q.A.C. (1990)

Data collected through this study was
statistically analyzed using the analysis of
various methods as described by Snedecor and
Cochran (1990), L.S.D. method at 0.05 level
was used to compare between means.

RESULTS AND DISCUSSION

Weight loss:

Results in Tables (1, 4) show that
fruit weight loss increased with extending the
storage period in treated and control fruits in
all storage temperatures.

Mango fruits stored at 8°C caused
significantly lower fruit weight loss than those
stored at 13°C. In the first season the mean
weight loss of fruits stored at 8°C was 4.5 and
at 13°C was 6.2. The same trend was obser-
ved in the second season.
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Table (1): Effect of storage temperatures and wax treatments on fruit weight loss
rcentage of “Keitt” mango during 2005-2006
1% season 2™ season
Treat- Storage life (days) Storage life (days)
ments Storage temperature 8°C
10 20 30 40 M 10 20 30 40 M
Control | 3.75 4.99 6.39 903 (6.04a] 3.28 494 6.62 927 16.03a
Asvtv:; 1210 | 312 | 420 | 580 |381b] 200 | 353 | 462 | 572 |397b
L]
l;‘v’:xs 200 | 3.05 | 425 | 6.00 [3.83b} 200 | 336 | 481 | 599 |4.04b
Mean |2.62d|3.72d(4.95d(694d| 456 {243d|3.94¢c{535b|69%a| 4.68
Storage temperature 13°C
Control | 4.53 5.46 597 | 1180 | 6.94a) 427 6.60 8.60 | 11.10 | 764 a
Asvtf;"c 390 | 426 | 561 | 799 {544c| 378 | 441 | 592 | 7.80 |5.48b
bv:::xs 3.60 | 4.80 932 715 |{622b] 3.32 4.64 5.88 789 |543b
Mean (4.01d|484c 697b 898a| 620 }13.79d|5.22¢|6.80b |893a| 6.18
Table (2): Effect of storage temperatures and wax treatments on fruit flesh firmness
(Lb/in®) of “Keitt” mango during 2005-2006
1" season 2" season
Treat- Storage life (days) Storage life (days)
ments Storage temperature 8°C
in 10 20 30 40 M m 10 20 30 40 M
Control | 28 28 26 24 20 [252a) 28 28 25 24 19 (24.8a
‘ As;?:c 28 28 26 24 20 [252a] 28 28 25 24 20 |[250a
’
‘::XS 28 28 26 24 20 | 252a) 28 28 25 24 21 125.2a
| Mean | 28a | 28a | 26b | 24c [ 20d | 252 | 28a | 28a [ 25b | 24b | 20c | 25.0
- Storagg temperature 13°C
Contrpl 28 19 15 10 3 16¢ 28 20 15 10 8 (16.2b
A‘:‘v‘:;'“ 281 20| 17 | 14| 10 |178v] 28 | 22 | 18] 15 | 10 [186a
 Dee’s | 28 | 22 | 18 | 14| 10 [us4a] 28 | 22 | 18 | 15 | 10 [186a
Mean | 28a |203b) 167¢|12.7d| 93¢ | 174 | 28a [ 21.3b{ 17¢c |[133d| 93E | 17.78

Values having the same letter in the Sam column or Sam raw not significantly different at 5%
level using L.S.D.

The weight loss percentage of fruits
stored at 8°C and 13°C for 40 days had appro-
ximately fruit weight loss of fruits stored 10
days at ambient temperature (25-30°C).

Concerning the effect of treatments
on weight loss, the data illustrated that there
was no obvious differences between two kinds
of waxes, but there was significant differences

between treated and control fruits in all stor-
age temperatures.

These finding are in harmony with
those of Dhemre ef al. (2005) who indicated
that the cool storage might be an ideal storage
facility to extend marketing period of Kasar
mango fruits. The role of wax in reducing
weight loss may be due to inhibit respiration
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rate and delay repining development in fruit
Pesis (2004).

Firmness:

Tables (2, 4) indicated that fruit firm-
ness decreased as the storage period increased
in all storage temperatures and in treated and
control fruits in the two seasons of study.

Also there were significant differen-
ces between the storage temperatures on their
effect on fruit firmness. The rate of soften was
accelerated in fruits held at ambient tempera-
tures (25-30°C) followed by 13°C in compa-
rison with 8°C Concerning the effect of wax in
maintain, firmness was obvious in fruits stored
at high temperature 13°C and (25-30°C) as
compare to 8°C. These results are in line with
those of El-Oraby ef al. (2004) who found that
fruit softing was retard by low storage tem-
perature.

Also, these results supported by Pesis
(2004) who found that organic coating
delayed fruit softing.

Total soluble solids/ acid ratic percentage
(RI):

Data shown in Tables (3, 4) cleared
that ripening index (RI) of “Keitt” fruits stored
at 8°C, 13°C and 25-30°C increased gradually
during storage period. Fruit stored at 8°C sho-
wed the least value in comparison with 13°C
and 25-30°C. These values were 15.36, 29.38
and 43.99 at the end of storage period respec-
tively. The results were similar in the two sea-
sons of study.

Concerning the effect of wax on (RI)
It is clear that both of two wax delayed (RI) in
all storage temperatures as compare to control
fruits. The increase of (RI) during storage due
to the increase of total soluble solids and
decrease of acidity. The increase of Total
soluble solids are directly correlated with
hydrolytic changes in starch and conversion of
starch to sugar being on important index of
ripening process in mango Kittur ef al. (2001).
The decrease in acidity might be due to the
degradation of citric acid during ripening or
may be due to their conversion into sugars
Gowda and Huddar (2001).
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The role of wax and cold storage in
extend storage life of fruits by reduce ripening
development are in agreement with El Oraby
et al. (2004), Dhemre ef al. (2005) and
Gaikwad ef al. (2006).

Peel and pulp color.
1-Peel color:

Fig (1) and Table (4) showed a*/b*
ratio of peel color of “Keitt” mango, highly
negatives of this ratio at the beginning of
storage this it mean that peel was dark green.
Decreasing these values during storage period,
it means that dark green change to light green
by degradation of the chlorophyll. Peel color
development was rapid in fruits beld at 25-
30°C and 13°C as compare to fruits held at
8°C.

Comparing the a*/b* ratio in treated
and fiuits with wax, it can be noticed that
a*/b* ratio in treated fruits less than untreated
ones, this it means that wax delayed ripening
fruits, till the end of storage at all storage
temperatures. '

The effects of two kinds of wax were
similar in its effect of peel color, the same
results were found in two seasons. '

In this respect Hassan and Gihan
(2004) found that peel color developed slowly
at low temperature in three cultivars of
mango. The effect of wax on peel color are in
agreement with pesis (2004), Fonseca ef al.
(2004) illustrated the retention of green color
related to the use of the wax is due to the
creation of a physical barrier against the gas
exchange, which reduced the gain of oxygen
that is necessary for the biodegradation of
chlorophyll a.

2-Pulp color:

Fig (2) and Table (4) indicated that
a*/b* ratio of pulp revealed that the beginning
of storage date pulp color was pale yellow. As
the storage period extended a*/b* ratio increa-
sed in all storage temperature, this suggested
turning pulp color to yellow. Fruits stored at
25-30°C had more pulp color followed by
13°C and 8°C respectively.
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Fig (1): Effect of storage temperatures and wax treatments on peel fruit a*/b* ratio of
“Keitt” mango during 2005-2006
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Fig (2): Effect of storage temperatures and wax treatments on pulp fruit a*/b* ratio of
“Keitt” mango during 2005-2006
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Table (3): Effect of storage temperatures and wax treatments on fruit T.S.S./Acid ratio

ening mdex of “Keltt” man odurm 2005-2006

2" season

Storage life (days)

Storage life (days)

Storage temperature 8°C

10 | 20 | 30 | 40 | M in 10 | 20 ) 30 | 40

525756 | 158 ) 19.1 |{104a] 45 | 54 [ 784 16.1 | 189

418 1 5.1 | 122 {134 719p) 45 | 475596 | 113 | 13

46 | 54 | 11.8 136 |789b) 45 [ 4751574118 13

4.68d | 6.02¢c | 13.3b} 154a! B.68 | 4.5¢ | 4.97d ) 6.51¢ | 13.1b

Storage temperature 13°C

116 23 [375(167a| 45 (703 11.1}|217

9.7 31265

6.94 16.7

9.7 242

6.94 27178

Table (4): Effect of room temperature (25-30°C) and waxmg on fruit quality of “Keitt”

mango during 2005-2006

1* season
Weight |  Firmness a*/b* ratio a*/b* ratio T.S.S./acid
Treatments | I,0ss % Lb/in* (peel) ulp) ratio
After 10 i After I After I After I After
days " ol10 days " ol10 days " l10 days " 110 days

Control 8.62a 28 5a .40

0.03a | 0.05a | 034a | 408 [4947a

Astiaric | 00| 23 | 8b | <040
wax

-0.15b| 0.05b | 031b | 4.08 13627b

bee’swax | 7.07b 28 8b -0.40

-020b| 0.05b | 030c | 408 |4625¢

2" season

Control 880a 28 6a -0.38

0062 ] 004 | 034a] 450 |6330a

Astiaric | 5 0, | 98 | 9p | 038
wax

-0.10b| 0.04 | 032b | 450 {3327b

bee’swax | 7.14b 28 10¢c -0.38

-020b| 004 | 0.30c | 450 [33.09b

Values having the same letter in the Sam column or Sam raw not significantly different at 5%

level using L.S.D.

Concerning the effect of treatments
on pulp color, untreated fruits were more
advanced in turning of pulp color to range
yellow than treated fruits. The results of first
season were supported by the second season.

These results are in harmony with
those of Galale (2008), Pesis (2004) illustrated
that coated “Keitt” mango with wax delayed
color development.

Effect of storage temperatures and waxing
on development of B carotene of “Keitt”
mango at the end of storage period:-

It is clear from Table (5) that B
carotene of pulp fruits increase with increasing
storage temperature. The highest values were
obtained from fruits stored at (25-30°C)
followed by 13°C and 8°C respectively, during
two seasons of study.
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Regarding the effect of waxing, Data
indicated that there were significant difference
between beginning and after 40 days at 8°C,
13°C and 10 days at (25-30°C). The untreated
fruits contain more B carotene thane fruits
treated with bees and Astiaric wax respec-
tively, this may be due to that wax delay ripe-
ning fruits at all storage temperatures, similar
results were obtained in the second season and
agree with those of Vazquez and
Lakshminarayana (2006) who found that total
and B carotenoids were significantly higher at
(22-28°C) than (16-20°C) in “Keitt” mango.

Sensory quality of “Keitt” mango as affec-
ted by cold storage temperatures and wax
treatments after transfers to ambient tem-
perature 25-30°C as marketing period:-

Data in Tables (6, 7) illustrated that
there were negative correlation between stor-
age temperature, period and fruit shelf life.

Fruits stored at 8°C for 10 or 20 days
had 10 days as shelf life at 25-30°C, while
fruits stored 30 or 40 days had 7 days. At 13°C
this period reached to 7 and 5 days respec-
tively. All the parameters of ripening were
development after transfer the fruits from cold
storage to ambient temperature 25-30°C, peel
and pulp color were progressively developed,
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firmness decreased while T.S.S. /Acid ratio
increased.

In general all eating quality was prog-
ressively increased during marketing period
but the rate of progress was faster in fruits
stored at 13°C than 8°C. Regarding the effect
of treated fruits in comparison with untreated
fruits, both of wax delayed ripening process.
The results of two seasons were similar.

These results coincide with those of
Habib ef al. (2007) who found that sensory
properties of mango at 32-35°C changes
quickly than those packed in modified atmos-
phere. The main factor which limited the
storage life of fruits was appeared chilling
injury, symptoms as black spots on the peel of
fruits after 30 days from storage at 8°C during
marketing period for control fruits while
chilling symptoms did not appeared on treated
fruits with both of wax till the end of storage.

Similar findings were obtained by El-
Oraby ef al. (2004) and Phakawatm Ongkol ef
al. (2004) who found that the symptoms of
chilling injury in mangoes develop more
rapidly in mangoes stored at 4°C, 8°C than in
those stored at 12°C. '

Table (5): Effect of storage temperature and waxing on development of B carotene

mg/1 of “Keitt” mango.
Stored at (25-30°C)
Treatments 1* season 2™ season
First End First End
Control 38.30 593.52a 40.20 58450a
Astiaric wax 38.30 34549 ¢ 40.20 35217¢
bee’s wax 3830 44422 b 40.20 43754 b
Stored at (8°C)
Control 38.30 101.87a 40.20 9185a
Astiaric wax 38.30 66.80 ¢ 4020 56.10¢
bee’s wax 38.30 87.30b 40.20 85.20b
Stored at (13°C)
Control 38.30 23547 a 40.20 230.46a
Astiaric wax 38.30 156.50 ¢ 40.20 15531¢
bee’s wax 38.30 27221b 40.20 237.14b
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Table (6): Sensory quality of “Keitt” mango as affected by cold storage temperature 8°C
and wax treatments after transfer to ambient temperature (25-30°C).

1* Season
Treatment | Welgo/hnt loss FE:;:‘?S T.S:;/i:ud a*/b* (peel) | a*/b* (pulp)
10 days at 8°C + 10 days at 25-30°C
Control 750a 11.60b 3580a 0.03a 020a
Astric wax 7.11a 1530a 35.00a -025b 020a
Bees wax 7.00a 14.30a 25.14b -0.25b 0.13b
20 days at 8°C + 10 days at 25-30°C
Control 7.90a 10.00b 36.00 a 00la 022a
Astric wax 7.00b 12.00a 36.00a -0.08b 02la
| Bees wax 7.00 b 12002 36.00a -0.13 b 0.13b
30 days at 8°C + 7 days at 25-30°C
Control 800a 9.60a 66.33a Olla 022a
Astric wax 7500b 9.60 a 3780a -0.08b 020b
Bees wax 790b 960a 3720a 0.08b 0.13¢
40 days at 8°C + 7 days at 25-30°C
Control 9.00a 7.30a 72.66a 0.16a 022a
Astric wax 8.11b 7.00a 4550b -0.09b 0.18b
Bees wax 8.50b 730a 4240b -0.09b 0.15¢
2™ season
10 days at 8°C + 10 days at 25-30°C
Control 731la 10.60 b 36.00a -0,06a 022a
Astric wax 6.03b 1230 a 3580a -022b 020b
Bees wax 597b 1230a 25.86 b 025b 0.18¢
20 days at 8°C + 10 days at 25-30°C
Control 7.50a 9.30b 37.00a 0.06a 0.20a
Astric wax 6.99b 10.00 a 36.00 a -0.18b 020a
Bees wax 6.00¢ 10.00a 36.00a -0.18b 0.18b
30 days at 8°C + 7 days at 25-30°C
Control 800a |  7.60a 63302 0.152 0232
Astricwax | 711b | 750a 4625b 0.08 b 020b
Bees wax 760c | 760a 46.25b -0.08 b 0.18¢
40 days at 8°C + 7 days at 25-30°C ‘
Control 91la 6.00a 7266a 0.15a 023a
Astric wax 8.53b 6.00a 47.00b -0.06 b 0.20b
Bees wax 8.60b 630a 4550 ¢ -0.06b 0.18¢c

Values having the same letter in the Sam column or Sam raw not significantly different at 5%

level using L.S.D.
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Table (7): Sensory quality of “Keitt” mango as affected by cold storage temperature 13°C
and wax treatments after transfer to ambient temperature (25-30°C).

1" Season
Treatment Welgi;lot loss F:Eir::iss T.Sl.i/iz:ud a*/b* (peel) | a*/b* (pulp)
10 days at 8°C + 10 days at 25-30°C
Control 6.11a 860c 60.30a 0.04 a 023a
Astric wax 6.03a 12.30b 4475b -0.10b 0.16 b
Bees wax 6.00a 1330a 3580¢ -0.10b 0.13b
20 days at 8°C + 10 days at 25-30°C
Control 7.00 a 7300 63.30a 0.17a 028a
Astric wax 690 a 10.30a 46.95a -0.08b 022b
Bees wax 6.50a 1030a 4625a -0.10b 015¢
30 days at 8°C + 7 days at 25-30°C
Control 7.70 a 7.60a 66.33 a 0.182a 0.28a
Astric wax 6.90a 7302 4725b -0.08b 017b
Bees wax 6.90a 7.60 a 46.25b -0.08b 0.18b
40 days at 8°C + 7 days at 25-30°C
Control 8.90a 500a 73.33a 0.26a 027a
Astric wax 7.50b 500a 55.00b -006a 025b
Bees wax 7.80b 5.00a 4785¢ -0.06 a 024b
2™ season
10 days at 8°C + 10 days at 25-30°C .
Control 6.14a 860b 60.67 a 0.0l a 023a
Astric wax 5830 1030 a 4575b -0.08 b 020b
Bees wax 589b 860b 4525b -0.08 b 0.15¢
20 days at 8°C + 10 days at 25-30°C
Control 6.00a 7.00b 4750a 0.182a 025a
Astric wax 6502 9.00a 46250 -0.08b 0200
Bees wax 6.50a 9.00a 46250 -0.08b 0.15¢
30 days at 8°C + 7 days at 25-30°C
Control 7.00a 6.00 b 68.00 a 020a 025a
Astric wax 6.90 a 6.30a 47.50b -0.07b 0200
Bees wax 6.80 2 6302 4750b -0.08b 020b
40 days at 8°C + 7 days at 25-30°C
Control 812a 400b 7333 a 024 a 0.28a
Astric wax 792b 4000 5325b -0.07b 020b
Bees wax 7.90b 5.00a 5025¢ -0.10b 020b

Values having the same letter in the Sam column or Sam raw not significantly different at 5%
level using L.S.D.
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