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ABSTRACT

The present study was carried out in horticulture department,
Faculty of Agriculture, Kafrelsheikh University, during 2006/07 -
2007/08 seasons on Washington navel orange fruits. The treated fruits
were stored at roor: temperature ( 21 £ 2 'C RH 65-75%) for 45 days
and at cold storage (7 "C RH 90-95%) for 75 days. Three post harvest
dipping treatments were investigated; Control (distilled water), CaCl,
2% and CaCl, 4%. Navel oranges were analyzed for SSC, titratable
acidity, total sugars, reducing sugars, vitamin C. Fruit rot and fruit
weight loss were calculated. Storability of Washington navel fruits
was extended by using the CaCly treatments. This was observed in
both the room and cold stage conditions. However, cold stored fruits
continued to be in marketable condition much longer than those in
room temperature. It also, kept most of the important physical and
chemical fruit properties under cold storage. It was also observed that
the 2% CaCl, treatment was much better than either the control or the
4% CaCl, treatments.

Keywords: Post harvest, Citrus sinensis Osbeck; storability; Fruit quality; Ca Cl;
navel oranges

INTRODUCTION

Washigton navel orange (Citrus Sinensi osbeck) is one of the most
important citrus fruits in Egypt. It has a significant importance not
only in the local market but also for export. In Egypt, newly reclaimed
land areas in west desert is one of the most important areas cultivated
with all citrus varieties. Citrus fruits are left on the trees for long time.
Under Egyptian conditions, it is a common practice to store mature
navel orange fiuits until the suitable time for marketing. Thus harvest



714 Alaa El-Din Kh. Omar, et al

date may be delayed for several months. This delayed harvest might
affect flowering of the following season, the yield and fruit quality, as
well as shorten fruits life in storage. In addition, citrus fruits are
nearby to waste materials, disease pathogen , and become a serious
export problem(Chikaizumi ef al, 1997; Hussien 2001 and Abd-El-
Khair and Omima Hafez 2006). Certain strategies, such as pre- or
postharvest application” of calcium salts, against fruit decay are
proposed (Conway and Sams 1984; Sapers and Simmons 1998 and
El-Gaouth ef al. 1992). Pre- and postharvest calcium applications
have been used to delay ageing or ripening to reduce postharvest
decay and control of many diseases in fruits and vegetable. Poovaiah
1986 and Saftner e al. (1997) reported that postharvest calcium
treatment of apples provided broad-spectrum protection against the
postharvest pathogens of P. expansum and B. cinerea. Calcium
chloride treatments represent a safe and potentially effective method
for increasing the storage life and quality of some fruits .Different
studies explained that calcium chloride reduced post harvest decay,
controlled development of physiological disorders, improved quality
and delayed aging or ripening ( Mignani ef al., 1995; Gracia et al.,
1996; De-Souza ef al., 1999 and Hong and Lee, 1999).

The present study aimed to evaluate the effect of post-harvest CaCl,
(2 & 4%) treatments on storability at room temperature 21 +2 °C &
RH 65-75% ) and cold storage (7 °C & RH 90-95%) of Washington
navel orange fruits.

MATERIALS AND METHODS

1. Fruit Material, Post harvest treatments and Storage Regime:-
Mature fruits (SSC:acid ratio 8:1) fruits of Washington Navel orange
(Citrus sinensis Osbeck) were harvested in 13", Dec., 2007 and 10
Dec., 2008 seasons from a private orchard, in Motobus distrect, Kafr
El-Sheikh governorate, Egypt. The fruits were picked and washed
with tap water and air dried. Three treatments were applied and each
treatment was replicated three times, one box was added for chemical
analysis, each replicate contained 8kg fruits for each treatment. These
treatments were as follows:-

1-Control (distilled water)  2- CaCl, (2%) for 10 min 3- CaCl,
(4%) for 10 min

Fruits were divided into two groups , the first group was stored at
room temperature 21 + 2 °C & RH 65-75% ) and the second one was
stored at cold storage at 7 °C & RH 90-95%)).

2.2. Measurements:
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At two weeks intervals, samples (5 fruits) of each replicate /
treatment were taken to the following chemical properties
determinations:-

1-Soluble solids content percentage (SSC %): as described by
Association of Official Agriculture Chemists (A.O.A.C, 1990).
2-Titratable acidity: It was determined according to Chen and
Mellenthin (1981)

3-Vitamin C: as described by (A.O.A.C, 1990).

4- Weight loss (%): was calculated as a percentage of the average loss
in fruit weight under different treatments, separately, at examined date
in relation to the initial weight of the whole fruits.

Weight loss% =( Initial weight-Weight at examined date / Initial weight) x100

5- Fruit rot percentage: Fruits affected with either pathological or
physiological disorders were counted and calculated as Percentage
(treatments were stopped at 50% rotted fruits).

6- Total sugars and reducing sugars: as described by (A.O.A.C, 1990).
2.3. Statistical analysis:

Experiment was designed as completely randomized block deign
(three replicates/treatment). Data were tested by analysis of variance
(Little and Hills 1972). Duncan’s multiple range test was used for
comparison among the treatments means (Duncan 1955).

RESULTS

3.1. Effect of CaCl; (2 & 4 %) dipping treatments on navel
oranges during storage at room temperature (2142 %C & RH
65-75%) and cold storage ( 7 °C & RH 90-95%) on:

3. 2- SSC (%):

Data presented in Table (1) showed that, the effect of CaCl; at 2%
and 4% beside control dipping on chemical properties of navel orange
fruits in two weeks intervals during storage at room temperature and
cold storage. No significant variations among treatments in both
seasons were found in all treatments, control fruits recorded the lowest
SSC value during all periods of storage in both seasons, SSC content
was increased as a progress of storage periods. Fruits in cold condition
had the lowest SSC content as compared with the other treatments in
room temperature conditions. Calcium chloride treatment at 2%
showed the highest value in all treatments during storage. On the other
hand, the lowest content of SSC were recorded by control treatment
in the same periods of storage in both seasons.




Table (1): Effect of CaCl,2% and CaCl, 4% on SSC % of Washington navel orange fruits during storage at
room temperature and cold storage (2006/2007 and 2007/2008) seasons.

2007
Trcat 0 15 30 35 50 75
) Room Cold Room Room Room Cold
T s T Cold §. Room T. Cold S. Room T, Cold S. T Cold 8. T s

Cont. 1125 | 1125 | 1237 | 1203 237 | 1218 | 1253 215 - 1218 B 12.00
CaCl,2% | 1125 | 1125 | 1255 | 1241 12.65 12.37 12.81 12.56 : 1325 3 13.07
CaCL 4% | 1125 | 1125 | 1238 | 1205 1238 | 1264 12.70 12.81 5 12.77 : 12.69

F. test NS NS NS NS NS NS NS NS

2008

Treat. R";."" Cold S, R";’" ColdS. | RoomT. | ColdS | RoomT. | ColdS. | RoomT. | Coas. | Room c;u
Cont, .22 | 1132 | 1230 | 12.03 1230 | 12.20 12.35 1238 . 1244 - 2.3
CaCl,2% | 1122 | 1122 | 1250 | 1233 12.50 1257 | 1243 12.75 : 12.94 - 12.83
CaCl, 4% | 1122 1 1122 | 1245 | 1231 12.45 12.46 12.24 1272 - 12.88 : 12.91

F. test NS NS NS NS NS NS NS NS

Means followed by a common letter are not significantly different at the 5% level by DMRT

Room T.=Storage at room temperature

Cold S.= storage at cold storage

ID 32 40O Yy w@-1q voyy 91/
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3.2-Tatratable acidity (%):

As for titratable acidity, (Table 2). Acidy content decrease with
progress of periods and recorded the lowest values at the end of
storage in different types of storages, CaCl, 4% dipping treatment
recorded (0.97, 0.93, 0.90, 0.89 and 0.83%) the highest percentages of
acidity during all periods of storage either at room or cold conditions .
Control fruits had the lowest content of acidity and recorded 0.90,
0.81, 0.71, 0.80 and 0.74 % after 15, 30, 45, 60 and 75 days in both
seasons , respectively at cold storage.

3.3- Vitamin C (mg/100ml juice):

Table (3) showed that, vitamin C were gradually decreased as the
storage period progressed in all dipping fruits in different post harvest
treatments. Cold storage improved fruit content of vitamin C by
different treatments as compared with fruits at room temperature
conditions, specially fruits which treated by CaCl, 2%, it had the
highest values eithe~ in cold or room conditions. On the other hand
control fruits had the lowest content of vitamin C in both types of
storage.

3. 4-Total sugars%

Regarding to data in Table (4), It noticed that variations among
treatments during both seasons were non significant either room or
cold storage, CaCl, 2% treatment had the highest values in total sugars
as compared with other treatments in room temperature or in cold
storage. Control fruits were recorded the lowest content of total sugars
content ( 8.18, 8.39, 8.59,9.08 and 8.88%) after 15, 30, 45, 60 and 75
days of storage in both seasons at cold storage, respectively.
3.5-Reducing sugars content
Table (5) showed that, reducing sugars content was gradually
increased as the storage period progress but no significant variation
among treatments were found. Fruits at room temperature had higher
content of reducing sugars as compared with the treatments in cold
condition after 15 and 30 days of storage but after 45, 60 and 75
days were the highest content. CaCl; 2% treatment recorded the
highest content of reducing sugars during storage periods as compared
with other treatments, while control fruits showed the lowest content
in both seasons (4.32, 4.44, 4.32, 4.64 and 4.48 %, respectively).

3. 6- Fruit rot percentage:

Regarding to Table (6), the highest fruit rot percentages in this
respect (17.95, 28.16 and 38.46 %) were recorded by control in both
seasons at room temperature and 5.13, 10.25, 12.82, 20.51 and 20.61
% at cold storage, respectively.



Table ( 2 ):Effect of CaCl; 2% and CaCl; 4% on acidity % of Washington navel orange fruits during storage
at room temperature and cold storage (2006/2007 and 2007/2008) seasons.

2007
Treat. 0 i5 30 45 50 75

R‘*T‘"” Cold §. R"T‘”" Cold S, R"T"’" Cold §. R"T""’ ColdS. R"T‘"" Cold S. R"T"’" Cold S.
" Cont, 103 | 105 | 090 | 0920 |.081b 1 090 | 071c | 0.83b - 0.36b » 0.78
CaCl,2% | 103 | 103 | 089 | 095 | 087a | 092 | 0.76a | 0.83a n 0.86b . 0.80
CaCl,4% | 103 | 103 | 091 | 0952 | 082 | 091 | 073 | 0.90a n 0.8% . 0.80
F. test NS * ik NS 3 ) k& * NS

2008

Treat. R‘;‘,"" Cold S. R"T‘”" ColdS. R"T‘”" ColdS. R‘;’"’ ColdS. R‘;‘,"" Cold §. R‘;‘,’"‘ Cold S.
Cont. 110 | 110 | 092 | 093 | 082 | 08% | 0706 | 0.86b 3 0.80¢ : 0.74
CaCl, 2% | 110 | 1.10 | 0091 | 095 | 080 | 091b | 0.76a | 0.86b - 0.82b - 0.79
CaCl,4% | 1.0 | 110 | 092 | 097a | 082 | 093a | 076a | 0.8% : 0.8%2 - 0.83
F. test NS = NS s = * - NS

Means followed by a common letter are not significantly different at the 5% level by DMRT

Room T.=Storage at room temperature Cold S.= storage at cold storage

1?0 12 4o Yy wiq-iq volY 871/




Table ( 3 ): Effect of CaCl;2% and CaCl; 4% on vitamin C content (mg/100 ml juice) of Washington navel
orange fruits during storage at room temperature and cold storage (2006/2007 and 2007/2008) seasons.

‘ 2007
T 15 30 45 0 75
reat R R R Room | Room Room
‘ "T"’" Cold S. "T""‘ Cold S. "T""’ Cold 8. ‘;’"’ ColdS. | 7 Colds. | "% Cold S.
Cont. | 5891 | 5891 | 50.12 | 5348 | 45.15 | 51.0% | 38.36b | 45.59b | - | 44000 | - | 39.74c
CaCl, 2% | 58.91 | 58.91 | 5077 | 53.08 | 46.56 | 53.09a | 43.68a | 5175 | - | 48.65a | - | 46.58a
CaCl,4% | 58.91 | 58.91 | 52.45 | 53.93 | 47.71 | 53.06a | 43.51a | 5171a | - | 48.57a | - | 4585
F. tost NS NS NS w* ** ** p * ] **
2008
Treat, R‘;’"’ Cold S, R‘;’"’ Cold S. R"T‘"" Cold S, R‘;”" Cold S. R”T""’ Cold S. R"T””' Cold S,
Cont. | 57.40 | 57.40 | 5062 | 50.88b | 44.93b | 51.87 | 36.536 | 4699 | - | 42792 | - | 3783
CaCl; 2% | 5740 | 57.40 | 5247 | 5431a | 49.73a | 53.03 | 41.42a | 518da | - 51.10a | - | 49.69a
CaCl,4% | 57.40 | 5740 | 5070 | 54.10a | 42.66c | 52.17 | 41.08a | 49.60b | - | 49336 | - | 46.62b
F. test NS ** *k NS *% o - . C ™

Means followed by a common letter are not significantly different at the 5% level by DMRT

Room T.=Storage at room temperature

Cold §.= storage at cold storage

600C (7) S§ “qaupy yy1oy§-1.q 12foY Say o148y

61/



Table ( 4 ):Effect of CaCl;2% and CaCl, 4% on total sugars % of Washington navel orange fruits during

storage at room temperature and cold storage (2006/2007 and 2007/2008) seasons.

2007
Trcat 0 is 30 45 0 75

.R"]‘,’"' Cold S. R‘;‘,"" Cold S, R"T‘”" Cold S, R‘;‘,’"’ Cold S, R‘;‘,’"’ Cold S. R”;,"" Cold S.
Cont | 040 ] 940 | 854 | 818 | 874 | 839 |.868 | 869 n 912 ; 912
CaClL,2% | 940 | 940 | 861 | 858 | 879 | 895 | 876 | 944 : 9.84 - 9.72
CaCL 4% | 940 | 940 | 860 | 848 | 892 | 876 | 881 | 922 - 9.66 : 9.50
F. test NS NS NS NS NS NS NS NS

2008

Treat. R‘;‘,’"‘ Cold S. R"I‘.’”‘ Cold S. R"T‘.”" Cold 8. R‘;?'" Cold 8. R‘;‘,’"’ Cold S. R";"‘ Cold §.
Cont. | 895 | 895 | 848 | 828 | 873 | 849 | 859 | 884 - 5,08 » 388
CaCl, 2% | 895 | 895 | 881 | 850 | 885 | 891 | 885 | 9.40 - 9.75 : 5.58
CaCl, 4% | 895 | 895 | 860 | 838 | 872 | 869 | 879 | 0.3 - 941 . 9.15
F. test NS NS NS NS NS NS NS NS

Means followed by a common letter are not significantly different at the 5% level by DMRT

Room T.=Storage at room temperature Cold S.= storage at cold storage

v 12 ‘4w Yy Mi@-13 ooy 07,



Table ( 5): Effect of CaCl,2% and CaCl; 4% on reducing sugars % of Washington navel orange fruits
during storage at room temperature and cold storage (2006/2007 and 2007/2008) seasons.

B 2007
Treat. 0 15 30 45 60 75
Room | Cold | Room | Cold | Room | Cold | Room | Cold | Room | Cold | Room | Cold
T. S. T. S. T. S. T. S. T. S. T. S.
Cont. 3.62 3.62 434 4.32 451° | 446 4.40 451 - 464 - 448
CaCl, 2% | 3.62 3.62 4.73 4.60 4.83 474 4.62 4.88 - 4.84 - 471
CaCl, 4% | 3.62 3.62 4.76 4.55 481 4.67 4.44 4.78 - 485 - 482
F. test NS NS NS NS NS NS NS NS
2008
Treat Room | Cold | Room | Cold | Room | Cold | Room | Cold | Room | Cold | Room | Cold
) T. S. T. S. T. S. T. S. T. S. T. S.
Cont. 343 3.43 434 4.50 444 5.54 432 4.66 - 4.66 - 4.57
CaCl, 2% | 343 343 493 4.67 4.90 4,76 480 488 - 485 - 4.84
CaCl, 4% { 3.43 3.43 4.44 4.63 4.66 476 4.67 4.85 - 4.90 - 4.83
F. test NS NS NS NS NS NS NS NS

Means followed by a common letter are not significantly different at the 5% level by DMRT

Room T.=Storage at room temperature

Cold S.= storage at cold storage

6007 (7) S€ “a1up) yy124S-Ji 42/vy ‘S3Y U3y
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Table ( 6 ):Effect of CaCl,2% and CaCl; 4% on fruit rot % of Washington navel orange fruits during
storage at room temperature and cold storage (2006/2007 and 2007/2008) seasons.

2007
Treat 0 15 30 45 60 75

Ro]?m C;ld RoTom C;ld Ro;m C;ld Ro]?m Cold S. RoTom Cold S. RoTom Cold .
Cont. 0.00 0.00 10.25 5.13a | 23.05a | 7.78a | 3929a | 12.82a - 15.38 - 20.15a
| CaCl,2% | 0.00 | 0.00 | 7.68 | 0.00b | 12.82¢ | 5.13b | 2045b | 7696 | - | 1538 | - | 1528b
CaCl,4% | 0.00 | 0.00 | 1025 | 0.00b | 15.38b | 5.13b | 17.85c | 7.60b | - [ 1537 | - | 1538b

F_ test NS *¥k *% % *k ¥k NS *

2008

Treat. R‘;”" C;"’ R‘;‘,”” C;"' R‘;i"” Cg’d R"T”’” Cold S, R"]?’” Cold . R‘;’"’ Cold 8.
Cont. 0.00 0.00 17.95a 2.67 28.16a | 10.25a { 38.46a | 12.82b - 20.51a - 2061a
CaCl,2% | 0.00 0.00 10.25¢ 0.00 12.77¢ | 7.6%b 17.85¢ | 10.25¢ - 15.38b - 17.95b
CaCl; 4% | 0.00 0.00 12.82b 2.56 15.37b | 10.00a | 20.46b | 15.38a - 20.51a - 20.56a

F. test ** NS * * *% * *% %

Means followed by a common letter are not significantly different at the 5% level by DMRT

Room T.=Storage at room temperature

Cold 8.= storage at cold storage

0 12 dosQ Yy Utd-19 o0y L
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On the other hand, the lowest fruit rot percentage (0.00 & 10.25 %)
were recorded after 15 days by treatment CaCl; 2% in cold storage
and room temperature, respectively. Generally, fruit dipped at CaCl,
at 2% treatment had the lowest fruit rot percentages in cold or room
temperature as compared with other treatments in all periods of
storage.
3.7-weight loss (%): :
Results at Table (7) showed that, during storage periods (room
temperature and cold storage ) there were no significant variation
among treatments during in both seasons except in after 45 days at
room temperature and after 60 and 75 days in cold storage,
respectively. Control treatment had the highest weight loss
percentages (7.38, 11.84 and 20.97% ) at room conditions and at cold
storage ( 2.57, 3.79, 5.73,10.84 and 18.30 %) after 15, 30,45,60 and
75 days, respectively. On the other hand, the lowest values were 5.50,
5.85 and 14.41%. at room temperature and 0.87, 1.73, 2.91, 6.49 and
11.24 % recorded by treatment CaCl, at 2% in both seasons.

DISCUSSION

Navel orange is one of the World’s most important fruit crops
as many other fruits. Citrus fruits are susceptible to a number of decay
causing organisms. The green and blue moulds are the most prevalent
post-harvest decays affecting orange fruit followed by other diseases.
CaCl, application (2 and 4%) can improve fruit quality of navel
orange during either in room temperature or at cold storage .
Storability of Washington navel orange fruits was extended by using
the CaCl; treatments. This was observed in both the room and cold
storage conditions. However, cold stored fruits continued to be in
marketable condition much longer than those in room temperature. It
also, kept most of the important physical and chemical fruit properties
under cold storage. It was also observed that the 2% CaCl, treatment
was much better than either the control or the 4%CaCl; treatments.
Dipping at 2% recorded the highest SSC, Vitamin C, reducing sugars
content in fruit during storage (room temperature & cold storage) and
reduce fruit rot and fruit weight loss. This dipping application may be
used to reduce physiological disorders as Bangerth (1976) observed .
Mohamed ef al., 1993 and Agar et al., 1999 found an increase in
vitamin C content of apples , tomatoes and kiwifruit treated with
calcium chloride during storage.



Table ( 7 ): Effect of CaCl,2% and CaCl; 4% on weight loss % of Washington navel orange fruits during

storage at room temperature and cold storage (2006/2007 and 2007/2008) seasons.

2007
Treat. 0 15 30 45 60 75
Room | Cold | Room | Cold | Room | Cold | Room Cold | Room | Cold | Room | Cold
T. S. T. S. T. S. T. S. T. S. T. S.
Cont. 0.00 0.00 6.55 0.89 10.92 372 17.79a | 5.73 - 9.55a - 13.22
CaClL 2% | 0.00 0.00 5.50 0.87 8.85 1.73 1441b | 291 - 6.49b - 11.24
CaClL, 4% | 0.00 0.00 5.78 1.07 924 1.83 15576 | 3.11 - 6.92b - 12.50
F. test NS NS NS NS * NS * NS
2008
Treat Room | Cold | Room | Cold | Room | Cold | Room | Cold | Room | Cold | Room | Cold
) T. S. T. S. T. S. T. S. T. S. T. S.
Cont. 0.00 0.00 7.38 2.57 11.84 3.79 | 20.97a | 5.15 - 10.84 - 18.30a
CaClL 2% | 0.00 0.00 5.90 222 9.52 3.00 16.48b | 5.22 - 944 - 15.75¢
CaClL 4% | 0.00 0.00 7.36 1.69 10.77 2.63 17.12b | 4.67 - 10.45 - 16.19b
F. test NS NS NS NS ** NS NS ¥

Means followed by A common letter are not significantly different at the 5% level by DMRT

Room T.=Storage at room temperature

Cold S. = storage at cold storage

19 “dowQ Yy utq-19 o1y pL
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Calcium chloride is commonly used industrially as a firming
agent for canned tomatoes and cucumber pickles. Tian et al (2002)
reported that calcium chloride at 2% inhibited the growth and spore
germination of R. stolonifer, The firming effect provided by calcium
chloride can be explained by: (1) the complexing of calcium ions with
cell wall and middie lamella pectin (Grant et al., 1973 and Morris,
1980); (2) stabilization of the cell membrane by the calcium ions
(Picchioni et al., 1995); and : or (3) effect of calcium on cell turgor
pressure (Mignani et al., 1995).
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