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Impact of Garlic Oil, Seaweed Extract and Imazalil on
Keeping Quality of Valencia Orange Fruits During Cold Storage

H.M. Kamel

Department of Pomology, Faculty of Agriculture, Cairo University, Giza, Egypt

Abstract: The present work was carried out on Valencia orange fruits during 2013 and 2014 seasons. It is aimed
to investigate the effect of natural compounds such as garlic oil, seaweed extract (as Cytolan Star® commercial
product) and Imazalil (a synthetic fungicide) on keeping quality and storability of Valencia orange fruits under
cold storage 5±1°C at 85-90%RH for 60 days of storage conditions. The obtained results revealed that fruit
weight loss %, fruit decay%, TSS content, TSS/acid ratio and total sugars content significantly increased as
storage period prolonging. On other hand, fruit firmness, total acidity%, juice% and vitamin C content
significantly decreased affecting by different treatments under study. The most effective treatment in
maintaining quality attributes of Valencia fruits during cold storage for 60 days was 0.5% garlic oil + Cytolan
Star® extract at 1g/l. As well as, treating Valencia orange fruits by immersing it in Cytolan Star® extract at 1g/l
alone was maintained fruit quality longer time comparing to Imazalil and control treatments. 
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INTRODUCTION fruits storage life compared to other treatments such as

Citrus is the leading fruit crop produced and occupies (IMZ) [2]. Garlic is rich in Allicin, selenium and
the first rank among economic fruit crops in Egypt as well organosulphur compounds, which have pronounced
as all over the world and orange is the most important antioxidant activity, antifungal and antibacterial properties
citrus crop, due to it is fresh or juice consumption [1]. [8-13]. Seaweed extract was used as a natural compound
However, citrus fruits suffer from relatively high losses to improve fruit quality and shelf life of avocado and pear
during the harvesting and handling chain, i.e., unideal fruits [14]. Because it contains N, P, K, Ca, Mg and S as
postharvest treatments (storage conditions, coating well as Zn, Fe, Mn, Cu, Mo and Co, some growth
materials and mechanical damage) and pathological regulators, polyamines and vitamins [15-18].
infections play a role in this that increasing crop loss after Therefore, the main goal of this study is to
harvest [2]. Synthetic fungicides, such as, Imazalil, investigate the effect of emulsifying fruits with garlic oil
Thiabendazole and Sodium ortho-phenyl phonate have either alone, or with seaweed extract and Imazalil, as a
been used traditionally to control postharvest diseases. chemical fungicide on Valencia orange fruit storability and
Also, it makes a reduction in weight loss of treated quality properties during cold storage.
Valencia fruits [3, 4]. However, their high costs, residues
in plants and development of resistance, have left MATERIALS AND METHODS
negative  effects  on  human health and the environment
[5, 6]. Obagwu and Korsten [7] reported that, 1% ethanol This investigation was carried out during two
extract of garlic + sunflower oil was as effective (100% successive seasons (2013 and 2014) on Valencia orange
control) as fungicide treatment in controlling both green fruits. This study conducted treatments as follows: 0.5
and blue molds in Valencia orange, but were not as and 1% garlic oil (commercial product which contains
effective as the fungicide treatment (imazalil 500 ppm + Allicin, vitamins of B1, B2, B3, C and E, minerals of S, P,
quazatine 1000 ppm). However, coating Washington navel Mg, Fe, P and Na and other elements such as protein-
orange fruits with jojoba oil and orange oil significantly cellulose-Fats and glucose, which produced by El-Captain
reduced fruit decay and weight loss (%) with increasing Company);  1  and 3g/l Cytolan Star® (commercial product

spraying with water wax containing 2000 ppm Imazalil
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which contains seaweed extract 20%(w/w), free amino Total Acidity (%): It was determined in fruit juice as citric
acids 24%(w/w), N 5%(w/w), P 5%(w/w) and K 5%(w/w),
which produced by Opal Company); 0.5% garlic oil + 1g/l
Cytolan Star®; 1% garlic oil + 3g/l Cytolan Star®; and
1500 ppm  Imazalil  comparing  with   untreated  fruits
(water only). 

Valencia orange fruits were harvested at maturity
stage according to Kader [19] and directly transferred to
the laboratory at the agricultural development system
(ADS) project, Faculty of Agriculture, Cairo University.
Defective fruits including wounded and other disorders
were excluded. The rest of uniform fruits were washed
with  tap  water  and air dried. Fruits were divided into
eight groups, each group treated as one treatments
mentioned above. The concentrations of garlic oil were
prepared by completely dissolving 25 and 50 ml of garlic
oil in absolute Ethyl alcohol and completed to 5 liters.
Cytolan Star® was prepared by completely dissolving 1
and 3g of substance in  one  liter  of  distilled  water.
Fruits were immersed for 15  minutes  in  garlic  oil or
Cytolan Star® solution and 3 minutes for Imazalil. Then
fruits were air-dried and packed in one layer inside carton
boxes (weighted 5kg/box with dimensions of L40 x W30 x
D12 cm) and stored at 5±1°C, with 85-90% RH for 60 days.
Each treatment was comprised six boxes, each box
considered as replicate.

The following properties were determined on Valencia
orange fruits at the beginning of storage and 15-days
intervals throughout the storage period.

Weight Loss%: It was calculated from the difference
between initial and final weight and expressed as Zero
percentage of the initial fresh weight.

Fruit Decay%: It was determined by counting the
number of decay fruits (with either pathological or
physiological disorders) and expressed as a percentage of
the initial number of fruits per each sample (replicate) for
each treatment. 

Fruit Firmness: Fruit firmness on two opposite sides
fruits was recorded by texture analyzer instrument
(Lb/inch ) model Pound L-10, AMETEK/testing2

equipment systems. LANSDALE.PA.

Total Soluble Solids (TSS %): It was determined by
using digital hand refractometer (model Palette, PR-32,
ATAGO).

acid content as described in AOAC [20]. 

Total Soluble Solids/ Total Acidity Ratio: It was recorded
by dividing TSS value by total acidity value. 

Juice (%): Fruit juice was extracted by Sunkist juice
extractor (Made in U.S.A) and weighed then calculated as
percentage of fruit weight for each treatment.

Ascorbic Acid (Vitamin C) Content: It was calculated as
mg/100 ml juice as described in AOAC [20]. 

Total Sugars Content: It was calculated as mg/100g FW
as described in AOAC [20]. 

Statistical Analysis: This experiment was two factors and
designed as completely randomize. The means were
compared by the least significant difference (LSD) at 5%
level according to Snedecor and Cochran [21].

RESULTS AND DISCUSSIONS

Weight Loss %: Table (1) indicated that, Valencia fruits
weight loss percentage significantly affected by different
treatments in both seasons. Treating fruits by 1% garlic
oil resulted in significantly the least weight loss
percentage comparing with other treatments used in both
seasons. Also, it significantly increased by prolonging
the storage periods. Valencia fruits treated by 1% garlic oil
gradually decreased in weight loss percentage affecting
by increasing storage period, which was 9.15 and 14.30
after 60 days under cold storage during the two seasons.
On other hand, Cytolan Star® at 3g/l and control fruits
after 60 days of cold storage produced the highest weight
loss percentage (12.65 and 16.80 %) in the first and
second seasons, respectively. This reduction in weight
loss affecting treating by garlic oil it may be due to the
effects of oil as permeable barrier against oxygen, carbon
dioxide  and  moisture,  thereby  reducing respiration,
water loss and oxidation reaction rates [22, 23]. Also,
Brunini et al. [24] cleared that garlic extract at 1% delayed
the fresh weight loss of 'Pera Rio' oranges, which storage
at 12±1°C and 90-95% of RH. The results of the present
investigation in both seasons are in line with results
obtained by Martinez et al. [3] who disclosed that coated
Valencia orange fruits with Imazalil solution (800ppm)
showed reduction in weight loss compared with that of
uncoated control fruits, after 15days storage at 20°C,
70%RH.
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Table 1: Effect of some postharvest treatments on fruit weight loss (%) of Valencia orange fruits throughout cold storage (5±1°C at 85-90% RH) during 2013
and 2014 seasons

Fruit weight loss (%)
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 0.00 1.91 4.44 7.71 10.02 4.82 0.00 0.91 2.10 13.03 14.83 6.17
1% Garlic oil 0.00 1.65 3.94 7.08 9.15 4.36 0.00 0.95 2.01 12.99 14.30 6.05
1 g/l Cytolan Star® 0.00 2.64 5.77 9.71 11.87 6.00 0.00 1.19 2.62 14.48 15.80 6.82
3 g/l Cytolan Star® 0.00 2.74 5.82 10.27 12.65 6.30 0.00 1.09 2.39 13.72 15.33 6.50
0.5% Garlic oil + 1 g/l Cytolan Star® 0.00 2.20 5.83 7.04 10.15 5.04 0.00 1.03 2.30 13.45 14.88 6.33
1% Garlic oil + 3 g/l Cytolan Star® 0.00 1.85 4.64 8.06 10.42 4.99 0.00 1.00 2.22 13.19 14.58 6.20
1500 ppm IMZ 0.00 2.07 4.72 8.40 10.56 5.15 0.00 1.03 2.30 13.81 14.85 6.40
Control (water only) 0.00 2.50 4.51 9.55 11.20 5.55 0.00 1.40 1.84 13.97 16.80 6.80
Mean (B) 0.00 2.19 4.95 8.48 10.75 - 0.00 1.07 2.22 13.58 15.17 -
L.S.D at 5 % A= 0.79 B= 0.63 AB= 1.78 A= 0.41 B= 0.32 AB= 0.92

Table 2: Effect of some postharvest treatments on fruit decay (%) of Valencia orange fruits throughout cold storage (5±1°C at 85-90% RH) during 2013 and
2014 seasons

Fruit decay (%)
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 0.00 0.00 0.00 10.00 20.00 6.00 0.00 0.00 0.00 20.00 30.00 10.00
1% Garlic oil 0.00 0.00 10.00 30.00 40.00 16.00 0.00 0.00 10.00 30.00 30.00 14.00
1 g/l Cytolan Star® 0.00 0.00 0.00 20.00 30.00 10.00 0.00 0.00 10.00 20.00 30.00 12.00
3 g/l Cytolan Star® 0.00 0.00 20.00 30.00 40.00 18.00 0.00 0.00 20.00 40.00 40.00 20.00
0.5% Garlic oil + 1 g/l Cytolan Star® 0.00 0.00 0.00 10.00 10.00 4.00 0.00 0.00 0.00 10.00 20.00 6.00
1% Garlic oil + 3 g/l Cytolan Star® 0.00 0.00 0.00 30.00 30.00 12.00 0.00 0.00 20.00 30.00 30.00 16.00
1500 ppm IMZ 0.00 0.00 0.00 20.00 30.00 10.00 0.00 0.00 0.00 20.00 20.00 8.00
Control (water only) 0.00 0.00 30.00 40.00 60.00 26.00 0.00 0.00 20.00 40.00 50.00 22.00
Mean (B) 0.00 0.00 7.50 23.75 32.50 - 0.00 0.00 10.00 26.25 31.25 -
L.S.D at 5 % A= 0.76 B= 0.60 AB= 1.70 A= 0.95 B= 0.75 AB= 2.12

Fruit Decay %: Data presented in Table (2) cleared that, effective than the fungicide treatment in controlling either
on the average at the end of storage period, Valencia green or blue molds on Valencia orange. On the other
orange fruits treated by 0.5% garlic oil+1g/l Cytolan Star® side, it was ineffective comparing to fungicide treatment
recorded the lowest percentage of fruits decay comparing (imazalil 500 ppm + quazatine 1000 ppm). 
with other treatments under study with significant Coating Washington navel orange fruits with jasmine
differences between them. Prolonging storage period oil were the best treatments in reducing decay compared
resulted in significant increasing fruit decay (%) in both with Imazalil and untreated fruits during cold storage.
seasons. Moreover, 0.5% garlic oil with 1g/l Cytolan Also, decay percentage of fruits increased with the
Star® exhibited the lowest percentage of defected fruits extension of cold storage period [26].
at 45 days (10% decay) compared to other treatments.

In this concern, the antifungal activity of garlic is Fruit Firmness (Lb/inch ): Table (3) clearly indicated
attributed to the main biologically active component such that, 0.5% garlic oil with 1g/l Cytolan Star® had the
as Allicin [25]. These results are confirmed by Obagwu highest fruit firmness (17.25 and 16.82 Lb/inch  during the
and Korsten [7] who disclosed that treatment contained 1  and 2  seasons, respectively) compared with remaining
1% ethanol extract of garlic + sunflower oil was more as treatments.  This  may  be  due  to  the  effect  of biological

2

2

st nd
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Table 3: Effect of some postharvest treatments on fruit firmness (Lb/inch ) of Valencia orange fruits throughout cold storage (5±1°C at 85-90% RH)during2

2013 and 2014 seasons
Fruit firmness (Lb/inch )2

-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 17.63 17.28 17.13 17.00 16.75 17.16 17.14 16.98 16.85 16.78 16.18 16.78
1% Garlic oil 17.63 17.15 17.10 16.98 16.75 17.12 17.14 16.85 16.78 16.55 16.43 16.75
1 g/l Cytolan Star® 17.63 17.08 16.95 16.88 16.48 17.00 17.14 16.93 16.58 15.95 15.45 16.41
3 g/l Cytolan Star® 17.63 17.10 17.03 16.93 16.88 17.11 17.14 16.88 16.68 16.45 15.00 16.43
0.5% Garlic oil + 1 g/l Cytolan Star® 17.63 17.25 17.23 17.10 17.05 17.25 17.14 16.90 16.83 16.65 16.58 16.82
1% Garlic oil + 3 g/l Cytolan Star® 17.63 17.18 17.03 16.88 16.85 17.11 17.14 16.78 16.75 16.63 16.55 16.77
1500 ppm IMZ 17.63 17.13 17.00 16.95 16.80 17.10 17.14 16.98 16.18 15.90 15.40 16.32
Control (water only) 17.63 17.20 16.95 16.88 16.75 17.08 17.14 16.58 16.23 16.08 15.30 16.26
Mean (B) 17.63 17.17 17.05 16.95 16.79 - 17.14 16.86 16.61 16.37 15.86 -
L.S.D at 5 % A= 0.16 B= 0.12 AB= 0.36 A= 0.23 B= 0.18 AB= 0.52

Table 4: Effect of some postharvest treatments on total soluble solids content (%) of Valencia orange fruits throughout cold storage (5±1°C at 85-90% RH)
during 2013 and 2014 seasons

Total soluble solids content (%)
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 11.16 11.20 11.80 10.80 10.18 11.03 10.00 10.65 10.10 9.50 10.30 10.11
1% Garlic oil 11.16 11.90 11.93 10.43 10.00 11.08 10.00 10.05 10.73 9.90 10.33 10.20
1 g/l Cytolan Star® 11.16 11.25 12.18 12.23 12.50 11.86 10.00 10.85 10.03 10.83 11.48 10.64
3 g/l Cytolan Star® 11.16 11.43 11.50 12.00 10.70 11.36 10.00 11.00 10.53 10.70 10.73 10.59
0.5% Garlic oil + 1 g/l Cytolan Star® 11.16 11.28 11.95 12.25 11.13 11.55 10.00 10.20 11.38 11.63 10.45 10.73
1% Garlic oil + 3 g/l Cytolan Star® 11.16 11.50 11.65 12.53 10.35 11.44 10.00 9.55 11.15 10.30 11.25 10.45
1500 ppm IMZ 11.16 11.53 11.80 12.10 10.55 11.43 10.00 10.15 11.38 10.43 10.45 10.48
Control (water only) 11.16 11.30 11.63 10.93 10.60 11.12 10.00 10.00 10.55 10.00 10.38 10.19
Mean (B) 11.16 11.42 11.80 11.66 10.75 - 10.00 10.31 10.73 10.41 10.67 -
L.S.D at 5 % A= 0.29 B= 0.23 AB= 0.66 A= 0.31 B= 0.24 AB= 0.69

treatments (garlic oil + seaweed extract) in delaying fruit Brunini  et  al.  [24]  on 'Pera Rio' oranges and Abd-Allah
ripening and increasing resistance to storage disorder and et al. [28] on Costata persimmon fruits stated that, 1%
maintaining higher firmness. Valencia orange fruit garlic extract or jasmine and jojoba oil had the highest
firmness was significantly decreased in related to firmness of fruits.
prolonging in the storage period in both seasons. The
interaction between different treatments and storage Total Soluble Solids (TSS %): It is clear from the data in
periods cleared that, fruit's firmness was significantly Table (4) noticed that, dipping Valencia orange fruits in
increased affecting by 0.5% garlic oil with 1g/l Cytolan Cytolan Star® at 1g/l alone or with 0.5% garlic oil was
Star® at 60 days throughout the 1  and 2  seasons recorded high values of soluble solids content (11.86 andst nd

comparing with other treatments. These results agreed 10.73) as mean of 60 days for the 1  and 2  seasons,
with Povolny [27] who mentioned that applying two foliar respectively) compared to other treatments with
sprays of seaweed (DSWE Algifert) extract to Cox's significant differences between them. The total soluble
orange  apple  trees  two  and four weeks before harvest solids content significantly increased with increasing the
led to significant increase in hardness of flesh of fruits. storage duration till 30 days and then decreased until the
Also,  Zaghloul  et  al.  [26]  on Navel orange fruits, end of storage on both seasons. 

st nd
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Table 5: Effect of some postharvest treatments on total acidity (%) of Valencia orange fruits throughout cold storage (5±1°C at 85-90% RH) during 2013 and
2014 seasons

Total acidity (%)
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 1.77 1.31 1.28 1.26 1.12 1.35 1.50 1.47 1.38 1.14 1.12 1.32
1% Garlic oil 1.77 1.31 1.28 1.23 1.04 1.33 1.50 1.25 1.18 1.15 1.10 1.24
1 g/l Cytolan Star® 1.77 1.44 1.34 1.26 0.96 1.35 1.50 1.17 1.15 1.14 1.12 1.22
3 g/l Cytolan Star® 1.77 1.26 1.22 1.20 1.02 1.29 1.50 1.36 1.18 1.04 0.86 1.19
0.5% Garlic oil + 1 g/l Cytolan Star® 1.77 1.41 1.20 1.12 1.09 1.32 1.50 1.26 1.22 1.15 1.04 1.24
1% Garlic oil + 3 g/l Cytolan Star® 1.77 1.39 1.33 1.25 0.90 1.33 1.50 1.31 1.17 1.07 0.98 1.21
1500 ppm IMZ 1.77 1.34 1.28 1.26 0.93 1.32 1.50 1.42 1.34 1.18 0.98 1.29
Control (water only) 1.77 1.52 1.39 1.28 1.25 1.44 1.50 1.44 1.33 1.15 0.99 1.28
Mean (B) 1.77 1.37 1.29 1.23 1.04 - 1.50 1.34 1.24 1.13 1.02 -
L.S.D at 5 % A= 0.06 B= 0.05 AB= 0.15 A= 0.07 B= 0.06 AB= 0.17

The results pertaining the effect of interaction Concerning the effect of the interaction is clear from the
between different treatments and storage periods data given, it can be reported that, the lowest total acidity
disclosed that, fruit's soluble solids content was % at 60 days was recorded in fruits treated with 3g/l
significantly increased affecting by 1g/l Cytolan Star® at Cytolan Star® alone or with 1% garlic oil throughout the
60 days throughout the 1  and 2  seasons comparing two seasons. st nd

with other treatments. These results confirmed the previous findings of
Skelton and Senn [29] on peach fruits and Povolny Dorria et al. [34] who observed that acidity percentage of

[27] on Cox's orange apple fruits reported that spraying Valencia fruits was decreased with increasing Trans
seaweed extract had no appreciable effect on soluble Jojoba oil concentrations. 
solids content of fruits. Also, Burns and Echeverria [30] Organic acids such as citric acid are primary
disclosed that wax application had no effect on brix level substrates for respiration and a reduction in acidity is
of stored ‘Valencia’ fruits. expected in highly respiring fruits and coating or

The soluble solid depends on the maturity stage and wrapping treatments reduce respiration rates and may,
it increased generally during the ripening process due to therefore delay the utilization of organic acids during cold
the polysaccharides hydrolysis to maintain the respiration storage [35-37]. 
rate [31]. In the present study, the higher levels of total
soluble solids in the fruit treated or coated with garlic oil Total Soluble Solids/Total Acidity Ratio: The effect of
treatments may be due to protective O  barrier reduction different treatments of garlic oil, Cytolan Star® through2

of oxygen supply on the fruit surface which inhibited storage periods on TSS/acid ratio of Valencia orange
respiration [32]. The decrease of total soluble solids is fruits presented in Table (6). It is clearly noticed that,
caused  by  a  decline  in  the  amount of carbohydrates TSS/acid ratio in fruit juice treated by Cytolan Star® at
and pectins, partial hydrolysis of protein and 1g/l alone or with 0.5% garlic oil treatment attained the
decomposition of glycosides into sub-units during highest value as a mean of storage periods in the 1
respiration [33]. season. However, in the 2  season, the high

Total Acidity (%): The changes of total acidity % of recorded the highest values (9.33 and 9.02) compared with
Valencia orange fruits are tabulated in Table (5). At the other treatments. TSS/acid ratio in fruit juice significantly
end of the storage period, fruits treated with 3g/l Cytolan increased by increasing storage period. Moreover,
Star® contained the lowest acidity values in the two dipping Valencia orange fruits in Cytolan Star® at 1g/l or
seasons of study compared with other treatments. Acidity 3g/l resulted in highest values of TSS/acid ratio at 60 days
percentage was decreased by increasing concentration of comparing with other treatments. These results are in line
garlic oil or Cytolan Star®. Also, total fruit acidity was with finding of Eman and Magda [2] on Washington
significantly decreased as the storage period progresses. Navel orange fruits which coated with jojoba oil. 

st

nd

concentration of Cytolan Star® alone or with 1% garlic oil
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Table 6: Effect of some postharvest treatments on total soluble solids content/total acidity ratio of Valencia orange fruits throughout cold storage (5±1°C at
85-90% RH) during 2013 and 2014 seasons

Total soluble solids content/total acidity ratio
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 6.33 8.62 9.22 8.58 9.08 8.37 6.66 7.28 7.37 8.41 9.20 7.78
1% Garlic oil 6.33 9.07 9.32 8.46 9.83 8.60 6.66 8.06 9.06 8.59 9.45 8.36
1 g/l Cytolan Star® 6.33 7.83 9.06 9.67 13.21 9.22 6.66 9.29 8.72 9.59 10.26 8.90
3 g/l Cytolan Star® 6.33 9.04 9.48 10.00 10.45 9.06 6.66 8.09 9.09 10.29 12.52 9.33
0.5% Garlic oil + 1 g/l Cytolan Star® 6.33 8.02 10.12 10.94 10.24 9.13 6.66 8.07 9.35 10.32 10.12 8.91
1% Garlic oil + 3 g/l Cytolan Star® 6.33 8.26 8.77 10.23 11.58 9.03 6.66 7.55 9.73 9.62 11.54 9.02
1500 ppm IMZ 6.33 8.64 9.22 9.60 11.52 9.06 6.66 7.13 8.46 8.82 11.08 8.43
Control (water only) 6.33 7.64 8.43 8.54 8.55 7.90 6.66 6.95 7.95 8.69 10.46 8.14
Mean (B) 6.33 8.39 9.20 9.50 10.56 - 6.66 7.80 8.72 9.29 10.58 -
L.S.D at 5 % A= 0.62 B= 0.49 AB= 1.40 A= 0.64 B= 0.50 AB= 1.43

Table 7: Effect of some postharvest treatments on fruit juice (%) of Valencia orange fruits throughout cold storage (5±1°C at 85-90% RH) during 2013 and
2014 seasons

Fruit juice (%)
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 48.73 40.18 38.58 35.54 33.67 39.34 47.17 42.09 41.20 36.83 34.91 40.44
1% Garlic oil 48.73 43.28 43.22 39.45 37.65 42.47 47.17 46.79 44.21 38.61 33.87 42.13
1 g/l Cytolan Star® 48.73 46.39 45.64 41.94 40.81 44.70 47.17 46.60 45.63 39.22 35.98 42.92
3 g/l Cytolan Star® 48.73 43.75 42.44 42.41 42.04 43.88 47.17 46.15 45.08 38.32 35.56 42.46
0.5% Garlic oil + 1 g/l Cytolan Star® 48.73 41.83 40.91 40.37 40.18 42.40 47.17 44.60 44.14 37.88 33.63 41.48
1% Garlic oil + 3 g/l Cytolan Star® 48.73 44.15 42.35 41.55 39.50 43.26 47.17 46.20 45.79 38.21 35.39 42.55
1500 ppm IMZ 48.73 39.84 38.22 38.06 38.04 40.58 47.17 42.14 42.56 35.28 32.78 39.99
Control (water only) 48.73 42.97 40.11 38.47 35.93 41.24 47.17 41.39 40.20 35.74 33.19 39.54
Mean (B) 48.73 42.80 41.43 39.72 38.48 - 47.17 44.50 43.60 37.51 34.41 -
L.S.D at 5 % A= 3.17 B= 2.51 AB= 7.10 A= 2.35 B= 1.86 AB= 5.26

Juice (%): Presented data in Table (7) showed that with what was obtained by Rana et al. [39] on sweet
dipping Valencia orange fruits in Cytolan Star® at 1g/l orange fruits and Gameel [38] on Eureka lemon fruits.
resulted in maintain higher values of juice % in both The lowest reduction in juice content after 60 days of
seasons followed by Cytolan Star® at 3g/l alone or storage was observed with fruit treated by Cytolan Star®
mixture with 1% garlic for the 1  and 2  season at 1 and 3g/l in both seasons compared with otherst nd

respectively with the same statistical analysis. Also, treatments.
treating fruits by 1% garlic oil alone or with 3g/l Cytolan
Star®, juice % was increased in both seasons. These Ascorbic Acid (Vitamin C) Content: The changes in
observations go in line with those obtained by Gameel vitamin C content during storage period are tabulated in
[38] who mentioned that, juice content reduction of Table (8). It was observed that, during the 1  season as a
Eureka lemon fruits stored at 2°C was significantly mean of 60 days it was found that, application of 0.5%
decreased with the increasing of the used concentration garlic oil + Cytolan Star® extract at 1g/l followed by
of jasmine oil. In addition, percentage of fruit juice was coating  fruits  with  1%  garlic  oil  kept  the  highest
significantly decreased with increasing the storage levels  of  ascorbic  acid  (40.80  and  40.12  mg/100 ml
duration in both seasons. These results are in accordance juice)   compared  to   imazalil    and    control    treatments

st
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Table 8: Effect of some postharvest treatments on ascorbic acid content of Valencia orange fruits throughout cold storage (5±1°C at 85-90% RH) during 2013
and 2014 seasons

Ascorbic acid content (mg/100ml juice)
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 53.55 47.60 46.75 29.75 20.40 39.61 52.67 43.35 39.10 34.00 23.80 38.58
1% Garlic oil 53.55 52.70 46.75 24.65 22.95 40.12 52.67 40.80 38.25 34.00 30.60 39.26
1 g/l Cytolan Star® 53.55 52.70 38.25 28.05 23.80 39.27 52.67 48.45 43.35 37.25 25.65 41.47
3 g/l Cytolan Star® 53.55 39.95 30.60 29.75 22.10 35.19 52.67 46.75 35.70 31.45 24.65 38.24
0.5% Garlic oil + 1 g/l Cytolan Star® 53.55 50.15 42.50 33.15 24.65 40.80 52.67 43.35 38.25 30.45 23.95 37.73
1% Garlic oil + 3 g/l Cytolan Star® 53.55 46.05 30.75 30.90 22.35 36.72 52.67 45.90 42.50 36.55 22.95 40.11
1500 ppm IMZ 53.55 34.00 31.45 28.90 22.10 34.00 52.67 42.50 39.95 28.90 23.80 37.56
Control (water only) 53.55 40.80 38.25 27.20 23.80 36.72 52.67 40.80 38.25 34.30 24.35 38.07
Mean (B) 53.55 45.49 38.16 29.04 22.77 - 52.67 43.99 39.42 33.36 24.97 -
L.S.D at 5 % A= 2.37 B= 1.87 AB= 5.30 A= 2.03 B= 1.61 AB= 4.55

Table 9: Effect of some postharvest treatments on total sugars content (mg/100 g FW) of Valencia orange fruits throughout cold storage (5±1°C at 85-90%
RH) during 2013 and 2014 seasons

Total sugars content (mg/100 g FW)
-----------------------------------------------------------------------------------------------------------------------------------------------
Season 2013 Season 2014
---------------------------------------------------------------------- ---------------------------------------------------------------------
Storage periods (days) (B) Storage periods (days) (B)
---------------------------------------------------------------------- ---------------------------------------------------------------------

Treatments 0 15 30 45 60 Mean (A) 0 15 30 45 60 Mean (A)
0.5% Garlic oil 12.31 15.51 15.43 28.70 33.96 21.18 12.01 16.65 17.70 24.60 30.78 20.35
1% Garlic oil 12.31 12.56 14.05 14.43 21.15 14.90 12.01 13.86 14.14 14.85 18.63 14.70
1 g/l Cytolan Star® 12.31 13.56 18.02 18.86 33.82 19.32 12.01 13.31 13.63 15.23 25.38 15.91
3 g/l Cytolan Star® 12.31 15.19 15.70 32.60 34.39 22.04 12.01 13.54 14.78 30.74 31.51 20.52
0.5% Garlic oil + 1 g/l Cytolan Star® 12.31 18.40 24.44 38.31 39.81 26.65 12.01 17.15 22.93 32.21 40.12 24.88
1% Garlic oil + 3 g/l Cytolan Star® 12.31 14.76 16.84 17.39 25.99 17.46 12.01 14.04 14.88 15.39 24.28 16.12
1500 ppm IMZ 12.31 12.50 15.61 25.27 32.97 19.73 12.01 12.71 14.67 22.28 27.85 17.90
Control (water only) 12.31 13.28 14.89 17.59 27.20 17.05 12.01 13.34 14.71 15.48 21.00 15.31
Mean (B) 12.31 14.47 16.87 24.14 31.16 - 12.01 14.33 15.93 21.35 27.44 -
L.S.D at 5 % A= 0.30 B= 0.23 AB= 0.67 A= 1.24 B= 0.98 AB 2.79

(34.00 and 36.72 mg/100 ml juice). On the other hand, These results are in agreement with those mentioned
during 2  season it was noticed that, fruits treated by by Rana et al. [39] and Eman and Magda [2]. In the samend

Cytolan Star® extract at 1g/l followed by 1% garlic oil + line, Zaghloul et al. [26] on Navel orange fruits, Gameel
Cytolan  Star®  extract  at  3g/l exhibited significant [38]  on  Eureka  lemon fruits and Brunini et al. [24] on
highest values of ascorbic acid content (41.47 and 40.11 'Pera Rio' oranges, who demonstrated that using higher
mg/100 ml juice) compared with Imazalil and control concentration of jasmine oil or garlic extract significantly
treatments (37.56 and 38.07 mg/100 ml juice). Moreover, increased ascorbic acid compared to control.
with increasing concentrations of garlic oil as a signal By the extension of cold storage period, vitamin C
treatment, levels of ascorbic acid were increased in both content of fruits was significantly decreased
seasons. Treatment of 0.5% garlic oil + Cytolan Star® at progressively during the two seasons. These results are
1g/l and 1% garlic oil after 60 days of cold storage in agreement with those attained by Rana et al. [39] on
maintained the highest of ascorbic acid content compared sweet orange fruits, Eman and Magda [2] on Washington
with other treatments in the first and second seasons, navel orange, Zaghloul et al. [26] on Navel orange fruits
respectively. and Gameel [38] on Eureka lemon fruits.
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Total Sugars Content: Results in Table (9) cleared that, 2. Eman, A.A. A. and A.A. Magda, 2006. Effect of some
Dipping Valencia orange fruits in 0.5% garlic oil + Cytolan oil emulsions and wax treatment on prolonging
Star® at 1g/l made them exhibited the significant highest storage period of Washington navel orange fruits
values of total sugars (26.65 and 24.88mg/100g FW) for and its volatile components. Journal of Applied
the two seasons followed by application of high rate of Sciences Research, 2(7): 405-417.
Cytolan Star® extract (22.04 and 20.52mg/100g FW) 3. Martinez, J.M., J. Cuquerella, M. Rio and R.M. Del,
compared with Imazalil and control treatments (19.73, 17.90 1991. Coating treatments in postharvest behaviour
and 17.05, 15.31 for two seasons respectively). Using technical innovations in Freezing and Refrigeration of
higher concentration of garlic oil at 1% significantly Fruits and Vegetables, pp: 79-83 (conference).
decreased total sugar content of fruits compared to 4. Poppe, L., S. Vanhoutte and M. Hofte, 2003. Modes
control. These results are agreed with those obtained by of action of Pantoea agglomerans CPA-2, an
Eman and Magda [2] on Washington navel orange fruits antagonist of postharvest pathogens on fruits. Eur.
and Abd-Allah et al. [28] on Costata persimmon fruits. J. Plant Pathol., 109: 963-973.
They mentioned that, total sugars content of fruits was 5. Bull, C.T., J.P. Stack, J.L. Smilanick, 1997.
decreased with increasing jojoba oil concentrations. Pseudomonas syringae strains ESC- 10 and ESC-11
Contrary, applying two foliar sprays of seaweed (DSWE survive in wound on citrus and control green and
Algifert) extract to Cox's orange apple trees two and four blue molds of citrus. Biol. Contr., 8: 81-88.
weeks before harvest did not change total sugars content 6. Boubaker, H., B. Saadi, E.H. Boudyach and
[27]. Concerning the effect of storage periods, it was Benaoumar, 2009. Sensitivity of Pencillium digitaium
observed that total sugars content was significant and P.italicum to Imazalil and Thiabendazole in
increased gradually according to increasing in storage Morocco. Plant Pathology Journal, 8(4): 152-158.
period during both seasons. 7. Obagwu, J. and L. Korsten, 2003. Control of citrus

With regard to the effect of the interactions between green and blue molds with garlic extracts. Eur. J. Plant
different treatments, it is clearly that, the significant Path., 109: 221-225.
highest fruits total sugars content was associated with 8. Marino, M., C. Bersani, G. Comi, 2001. Impedance
0.5% garlic oil + Cytolan Star® at 1g/l comparing with measurements to study the antimicrobial activity of
other treatments. essential oils from Lamiaceae and Compositae. Int. J.

CONCLUSION 9. Yin, M., S. Hwang and K. Chan, 2002. Nonenzymatic

From the aforementioned results, it can be concluded derived from garlic. Journal of Agricultural and Food
that the most effective treatment in maintaining quality Chemistry, 50(21): 6143-6147.
attributes  of  Valencia fruits during cold storage (60 days) 10. El-Sayed,  A.B.B.,  H.A.  Mohamed  and  M.H.  Abd
during two seasons was 0.5% garlic oil + Cytolan Star® El-Kader, 2010. Impact of some essential oils and their
extract at 1g/l. Whatever, dipping Valencia fruits orange combinations with vitavax-thiram fungicide on
in 1g/l Cytolan Star® extract for 15 minutes had an a controlling sclerotium root-rot of sugar beet. J. Plant
maintained fruit quality during storage compared with Protection  and  Pathology,  Mansoura University,
Imazalil and control treatments. Treated fruit with 0.5% 1(8): 647-663.
garlic oil with Cytolan Star® extract at 1g/l exhibited the 11. Alli,  J.A.,  B.E. Boboye, I.O. Okonko, A.F. Kolade,
lowest percentage of fruit decay in both seasons; and had J.C. Nwanze, 2011. In-vitro assessments of the effects
the lowest reduction in total acidity % compared with of garlic (Allium sativum) extract on clinical isolates
control treatment. On other hand, immersed fruits in 0.5 or of Pseudomonas aeruginosa and Staphylococcus
1% garlic as single treatment with 3g/l Cytolan Star® aureus.  Advances  in  Appl. Sci. Res., 2(4): 25-36.
extract had the lowest weight loss%. 12. Edward, K.C. and C.G. Ohaegbu, 2012. The effect of
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