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Abstract: Anthracnose (Colletotrichum gloeosporioides) is one of the major constraints to production and
productivity of worldwide including Ethiopia. Toxicity to non-target organisms, pathogens resistance
development, environmental contamination, are among the limitations for using the synthetic chemicals as
control options. Although essential oils treatments are reported to be safe and effective in controlling of fungal
development this was not yet evaluated. The present study was conducted to investigate the effect of ginger
and cinnamon essential oils treatments on mango anthracnose disease management, the quality and shelf life
extension of mango fruit. Completely randomised design (CRD) with three replications was laid in this
experiment. The study revealed that the tested essential oils concentrations did not affect some quality
parameters of mango fruits on the 5  day but showed significant influence after further days of storage. Diseaseth

incidence and severity were effectively controlled with 0.45% ginger essential oils and cinnamon essential oil
at 0.075%. The maximum disease incidence (100%) and severity (65.56%) were recorded in the control treatment
on the 25  days of storage. While the minimum incidence (38.1%) and severity (26.67%) were recorded in gingerth

(0.45%) and cinnamon (0.075%) treated fruit 25 days after treatment respectively. Disease incidence and severity
directly affected some quality parameters like weight loss, Total Soluble solids, Titratable Acidity, pH, Firmness,
Total soluble solids to Titratable Acidity ratio during studies. Hence the study clearly depicted that essential
oils treatment has very important perspective for mango anthracnose disease management and quality and shelf
life extension of mango fruit in real practices.
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INTRODUCTION Anthracnose   is    recognized   as   the  most

Mango  is  one of the world’s most important fruits of worldwide  [3]  which  is  caused  by  Glomerella
the tropical and subtropical countries and is cultivated cingulata (anamorph) and Colletotrichum
extensively as a commercial fruit crop in India, China, gloeosporioides  and  C.  acutatum  [4,  5].  It   is  the
Indonesia, Thailand and Mexico. By virtue of its wide major disease, limiting factor for fruit production in all
range of cultivation, delicious taste, super flavour, very countries where mangoes are grown, especially where
high nutritive and medicinal value as well as great religion high  humidity  prevails  during  the  cropping  season.
historical significance, it is regarded as the “King of the The post harvest phase is the most damaging and
fruits”  [1].  Mango is the most important fruit and it is the economically significant disease in worldwide as the
second in area coverage after banana in southern region disease directly affects the marketable fruits rendering
of Ethiopia [2]. them worthless.

important field and post-harvest disease of mango
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Postharvest anthracnose appears as rounded brown Surface coatings are used to improve fruit appearance
to black lesions with an indefinite border on the fruit and to alter gas permeability to reduce moisture loss or
surface. Infection in larger fruit does not normally develop retard ripening. Commercial use of surface coatings on
into lesions. After initial establishment in the fruit, the mango fruit needs to be considered carefully because of
fungus remains latent or dormant until the fruit begins to the fine balance between beneficial and undesirable
ripen. Dark depressed circular lesions then develop on the effects on fruit quality [11]. Generally, coatings have less
ripening fruit and increase rapidly in size. They may even effect on delaying ripening during cold storage, compared
cover the entire fruit surface in extreme severe cases. with extending the shelf life at typical ripening
Lesions larger than two cm are fairly common on severely temperatures [12]. Less significant effects are observed in
infected fruit. However, lesions of different sizes can more mature and in ripening fruit. Coatings often delay
coalesce and cover extensive areas of the fruit, typically skin  colour  change  rather than softening, which
in a tear-stain pattern, developing from the basal toward increases the risk of soft, green fruit with less consumer
the distal end of the fruit. Lesions are usually restricted to appeal [11]. 
the peel, but in severe cases the fungus can penetrate Coatings  are  generally   emulsions   of  synthetic
even the fruit pulp. In advanced stages of infection, the (e.g. polyethylene) or natural (e.g. polysaccharides,
fungus produces abundant orange to salmon pink masses carnauba, beeswax, etc.) origin. Surface coatings
of conidia appear on the lesions [6]. containing waxes, oils (e.g. carnauba, beeswax.) and

Postharvest diseases can reduce fruit quality and resins (e.g. shellac) have a greater effect on limiting water
cause severe losses, sometimes because they yield loss then reducing O  and CO  permeability, compared
completely unmarketable fruit and in many cases because with those containing polysaccharides, (e.g. those based
blemished  fruit  does  not meet the food standards for on cellulose) [13].
first-quality fruit in the major import markets. Although Coatings of fruit reduce surface defects that may
blemished fruit can often be sold in the less demanding cause disease. Excessive water loss is associated with
local markets; this practice results in important economic increased skin chilling injury in mango. Essential oils
losses due to the considerable differences in export and based coating contained numerous holes, which allowed
local prices [7]. gas exchange for efficient control of water loss. Surface

There are different methods to control postharvest coatings may also reduce sap burn, skin browning and
deterioration of mango fruit to extend the shelf life and to lenticels damage [14].
keep fruit quality. Applications of modified atmosphere or Studies reported relatively less on the effect of
controlled atmosphere storages are good in extending the essential oils on the Mango Anthracnose disease causing
shelf-life of mango [8]. Antibiotics, oils, hot air treatment, fungi (C. gloeosporioides) in Ethiopia. So the present
hot water treatment, refrigerated storage and gas storage, study was conducted to identify the best concentration
copper fungicides, borax, aminoathiozol, amino pyridine, of essential oil (ginger and cinnamon) treatment on
thiourea, dithiocarbamates, agrimycin, aureofungin, Mango to manage the Anthracnose disease causing fungi
nystain, grisofulvin heated benomyl, oil and wax emulsion and to improve the shelf life of fruits as the major
have been suggested as pre-harvest and post-harvest objectives. It further aimed to recommend the farmers,
dip/spray methods to control anthracnose disease in traders to use the best concentration of these essential
mango[9]. oils for the post harvest storage of mango fruits.

Among the different options, an essential oil
treatment omits the need of synthetic fungicides. MATERIALS AND METHODS
Essential oils, called as natural volatiles, have a complex
composition containing alcohols, aldehydes, ketones, Experimental Materials: Mango (Mangifera indica L.)
phenols, esters, ethers and terpenes in varying variety “apple mango” for this study was obtained from
proportions [10], there by complying with consumer Jimma Agriculture Research Centre (JARC). Cinnamon leaf
preferences, organic requirements and reducing (Cinnamomum zeylanicum) and the rhizome of ginger
environmental pollution.  Moreover, moisture loss will be (Zingiber officinale) were obtained from Jimma University
decreased significantly in fruit treated with essential oil College of Agriculture and Veterinary Medicine
enriched coatings. The permeability of O  and CO  is (JUCAVM) garden and purchased from Bebeka Coffee2 2

limited by applying essential oil on mango fruit. Estate, Share Company, Ethiopia, respectively.

2 2



% disease severity =  x100Sum of all disease rating
Total number of friots X Maximum rating value

% Physiological loss in weight =  X100

Intialweight of mangro fruits
Final weight of mango fruits
Intitial Weight of mango fruits
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Experimental Design: The present experiment was laid dried. This experiment was conducted at room temperature
out in completely randomized design with three and the average temperature reported at the time of
replications. This experiment had one factor (essential experimentation was around 25°C.
oils) with different concentrations of 7 levels (0.025 %, The following data were collected on the first day and
0.05 %, 0.075% of cinnamon and 0.15%, 0.3%, 0.45% of every five days interval then after until 25 days after
ginger and control which was 0%). treatment.

Extraction of Essential Oils from Ginger and Cinnamon: Disease Incidence: The infection was identified on the
Three kilograms of each ginger rhizome and cinnamon basis of symptoms i.e., blackening of mango fruit. First the
leaves were collected and its size was reduced with numbers of fruits having spots were counted and then
grinder. Then they were blended separately in water until percentage disease incidence (DI) was calculated as
over flow in the flask. Extraction of essential oil was done number of infected fruits showing any single symptoms
using Clevenger Apparatus by hydrogen extraction out of total numbers of mango fruits stored and multiplied
method. After extraction the oils were collected and stored by hundred[17]. Five mango fruits were used for disease
in refrigerator at 4°C until use [15]. incidence assessment in every five day interval. 

Spore Suspension Preparation for Pathogenicity Test: interval. The severity of Mango Anthracnose was
Colletotrichum gloeosporioides identified and preserved assessed based on visual rating scale 1-5. Where: Rating
was cultured for about two weeks on Potato Dextrose scale 1= 0-1%; 2=2-5%; 3=6-10%; 4=11-49% and 5=50-
Agar medium PDA at 25°C to activate the pathogen. 100% respectively [18]. Based on the numerical ratings
Spores  were  harvested  by  adding   5-7  ml   of  sterile, given above a ‘Percent disease severity’ was calculated
de-  ionized  water  to  the  Petridish.  The  spores were using the formula [19].
then rubbed with a sterile glass rod to make spores free
from the PDA medium and the spore suspension was
passed through two layers of cheese cloth. The
suspension was diluted with this sterilized and de-ionized Physiological Weight Loss (%): It was determined by
water to obtain the spore concentrations (10  spores ml ) periodical weighing of fruits on digital balance at storage.6 1

with  a  haemocytometer  [16].  Then  the  spore Three fruits from each carton were used constantly for
suspension prepared was preserved for about 5-10 weight loss analysis. The average weights of all fruits
minutes in the safety cabinet until used for sprayed on used and at the end of the experiment percentage of the
mango fruits. weight loss was calculated by the following formula [20].

In vivo Bioassays of Essential Oils: Prior to essential oils
treatments, the fruits were washed with sodium
hypochlorite  (2%),  rinsed  with  distilled   water,  and
dried at ambient conditions. The fruit was inoculated with
C. gloeosporioides before essential oils sprayed on it.
Fruits were inoculated with C. gloeosporioides by evenly
spraying with a spore suspension of C. gloeosporioides
(10  spores’ ml ) and fruits were left aside for 12 h.6 1

Following oils treatments the fruits were placed in the
carton based with poly ethylene plastic sheet placed in
bottom. Wet sponge was placed between the poly
ethylene plastics sheet and carton to keep the maximum
relative humidity in the cartons. This high relative
humidity facilitates the favourable conditions for the
growth of fungal pathogen. For all experiments, eleven
mango fruits were sprayed with essential oils at 0.0, 0.15,
0.30, 0.45, 0.025, 0.050 and 0.075% and distilled sterilized
water (control) and allowed for 20 minutes in the air until

Disease severity data was taken every five days

Total Soluble Solids ( Brix): A total soluble solid is0

expressed as percent of the total soluble solids of the fruit
[21]. To determine the total soluble solids data, one fruit
was taken randomly among the fruits in each carton and
fruits pulp were made in to juice by using juicer without
water addition. The total soluble solid of the pulp for each
treatment was recorded with the help of hand refract meter
(Bellinghma +stanly 45-02 UK) of 0-80° Brix range [22].

pH Value: pH is the equilibrium measure of hydrogen ion
concentration in a juice. It was measured with a standard
calibrated pH meter (CP-505). First pH meter was
calibrated with the three standard buffer solution, after
calibration, pH of juice was determined. The fruit juice
prepared for TSS was used for pH measurement too.



0.0064X  0.1
Titratable acidity (TA %) as malic acid =  X100

ml of N NaOH consumed
Valums of Juice
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Titratable Acidity (%): To determine this parameter all mango fruits were infected at the end of the storage
mango fruits from each treatment was selected and peeled period (after 25 days of storage time). This result was in
and juiced. During titration 3 drops of phenolphthalein line with the work of Abdolahi et al. [26].
was added to the juice solution. Titration was done
against 0.1 N NaOH until the endpoint is to pink [23]. Disease Severity: The anthracnose symptoms appeared
Titratable acidity present as malic acid was calculated by on  the  control  fruits after six days of storage and after
the following formula. 20  days most of fruits were spoiled due to severe

oil treatment was significant (p<0.05). There was a highly

where 0.0064 is the malic acid conversion factor treatments for almost all sampling days. The maximum

Total Soluble Solids to Titratable Acidity Ratio: This was recorded at control treatments on the day 10 , 15 , 20
done by simply dividing the amount of TSS result of and 25  respectively (Figure 1). The rest treatments other
every day to the Titratable acidity of the same day and than control were statistically similar while the minimum
data was pool for analysis [22]. disease severity (10.83%, 16.19% and 26.67%) was

Firmness (gm): It was determined every five days interval 15 , 20  and 25  days, respectively.
by taking one mango fruit from each carton. By using
texture analyzer (TA-XT plus UK) penetrating it in the Effect of Essential Oils Treatment on Physicochemical
three different positions (soft, strong and medium) points Properties
on the fruit and the average was recorded as firmness. Firmness: Firmness of the mango fruits showed a

Statistical Analysis: Collected data were subjected to treatment 10 DAI. However there was no significant
Analysis of Variance (ANOVA) using SAS version9.2 difference among the essential oils concentrations tested.
computer software after checking for the validity of Data in Table 2 showed that flesh firmness was gradually
ANOVA assumptions. Fisher’s Least Significance decreased in control treatment significantly beginning at
Difference  (LSD) was used to establish the multiple the day 10, while cinnamon and ginger essential oils
comparisons of mean values at 5% significance level. treatments saved flesh firmness for a long period at the
Correlation analysis was also performed for some storage compared with the control especially when the
parameters in SPSS Version 16.2. fruits treated with the higher concentrations of these

RESULTS AND DISCUSSIONS findings of the study agree with those of Ismail [27].

Disease Incidence Inhibitory Activity of Tested Essential reported that guava fruits coated with olive oil were firmer
Oils: ANOVA showed that both essential oils used in than uncoated ones. Based on these findings firmness of
this experiment had significant (p<0.05) effects on mango mango fruits treated with cinnamon and ginger essential
anthracnose disease incidence 10, 15, 20 and 25 days after oil seemed to have in general long life span compared with
inoculation (DAI). Based on regular observation, the the control. It reduced throughout the storage time,
maximum average disease incidence (100%) was observed because the polysaccharides like starch are reduced to di
in the control treatment with the entire samples of fruits and mono saccharine as the fruit become affected by
showing anthracnose symptom at the 25th day post microbial or ripen.
inoculation (Table 1). On the other hand, the minimum
disease incidence (38.89%) was observed with application Weight Loss (%): There were significant difference
of both cinnamon at 0.075% and ginger at 0.30%, 25 DAI (P<0.05) among the treatments in terms of weight loss at
(Figure 1). This might be due to antifungal activity of different sampling intervals throughout the storage
these essential oils [24, 25]. At the same day (25 day) the period. Among samples, the highest value for weight lossth

maximum disease incidence (61.11%) was observed on (5.11, 4.80, 4.87 and 3.88) was recorded in control on 10 ,
0.15% ginger essential oil treated mango fruit. However, 15, 20 and 25 days respectively and the lowest weight loss

th

disease. The effect of both cinnamon and ginger essential

significant difference between the control and most of the

(10.37%, 24.17%, 44.76%, 65.56 %) severed fruits were
th th th

th

recorded on mango fruits treated with ginger 0.30% on the
th th th

significant (p<0.05) difference between control and other

essential oils, which positively affected shelf life. The

Similar results were obtained by Mehaisen [28] who

th
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Fig. 1: Disease Severity of mango fruits treated with different type and concentration of essential oils at different days
of storage
C1=Cinnamon at 0.025, C2=Cinnamon at 0.050, C3=Cinnamon at 0.075, G1=Ginger at 0.15, G2=Ginger at 0.30,
G3=Ginger at 0.45, CT=control

Table 1: Means of Disease Incidence % at different days of storage of mango fruits after treating with different level of cinnamon and ginger essential oils
Storage in Days
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 1 5 10 15 20 25
C1 0.00 0.00 7.41 20.83 23.81 44.44a a bc b bc bc

C2 0.00 0.00 14.81 20.83 33.33 50.00a a ab b b bc

C3 0.00 0.00 7.41 16.67 23.81 38.89a a bc b bc c

G1 0.00 0.00 7.41 20.83 23.81 61.11a a bc b bc b

G2 0.00 0.00 3.70 16.67 19.05 38.89a a c b c c

G3 0.00 0.00 11.11 16.67 28.57 44.44a a bc b bc bc

CT 0.00 0.00 22.22 45.83 61.90 100a  a a a a a

LSD 0 0 10.267 11.38 14.136 19.593
CV - - 29.47 24.15 22.08 19.73
Numbers followed by the same letters within the column are not significantly different at (  = 0.05%) LSD=least significant different, CV= coefficient variation
C1=Cinnamon at 0.025, C2=Cinnamon at 0.050, C3=Cinnamon at 0.075, G1=Ginger at 0.15, G2=Ginger at 0.30, G3=Ginger at 0.45, CT=control

Table 2: Means of Firmness at different days of storage of mango fruits after treating with different level of cinnamon and ginger essential oils
Firmness (g) in different days of storage
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 1 5 10 15 20 25
C1 2389.7 1768.3 1370.8 780.5 663.0 323.2a a a c b b

C2 2372.9 1798.1 1460.1 929.4 703.9 323.4a a a a a b

C3 2456.3 1770.4 1432.1 941.8 650.6 372.7a a a a bc a

G1 2411.3 1789.8 1179.4 840.3 643.9 318.5a a b bc bc b

G2 2355.2 1742.0 1191.0 857.9 625.2 353.7a a b b c ab

G3 2355.9 1773.5 1419.3 899.3 736.7 336.8a a a ab a ab

CT 2335.0 1776.0 1000.0 567.6 279.1 197.1a a c d d c

LSD 220.69 59.977 111.54 68.985 35.395 40.892
CV 5.12 1.90 4.85 4.67 3.24 7.23
Numbers followed by the same letters within the column are not significantly different at (  = 0.05%) LSD=least significant different, CV= coefficient variation
C1=Cinnamon at 0.025, C2=Cinnamon at 0.050, C3=Cinnamon at 0.075, G1=Ginger at 0.15, G2=Ginger at 0.30, G3=Ginger at 0.45, CT=control 

(2.80, 2.90, 2.43 and 2.52) was recorded with ginger at of  mango  fruit  [26]. The positive effect of eugenol,
0.45% concentration treatement10, 15, 20 and 25 thymol and menthol in reduction of weight loss in
respectively (Table 3). This result showed that the essential oil treated sweet cherries was reported by
essential oil concentration had significant effect on Serrano et al. [29]. On the other hand, results of present
weight loss of mango fruit. This result is in line with earlier investigation didn’t agree  with  Ranasinghe  et al.  [25]
findings that reported significant effect of cinnamon who  reported   that C. zeylanicum oil had no effect on
essential oil on weight loss throughout the storage period weight loss of fruits.



Am-Euras. J. Agric. & Environ. Sci., 15 (11): 2160-2169, 2015

2165

Table 3: Means weight loss at different days of storage of mango fruits after treating with different level of cinnamon and ginger essential oils
Weight Loss (%)in different days of storage
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 5 10 15 20 25
C1 3.64 4.02 3.81 3.72 3.49 a ab b ab ab

C2 3.26 4.07 3.36 3.54 3.64 a ab bc bc a

C3 3.34 4.12 2.98 2.91 3.42 a ab bc bc ab

G1 2.97 3.45 3.15 3.97 3.19 a bc bc ab b

G2 2.84 3.95 2.83 2.95 2.81 a abc c bc a

G3 2.86 2.80 2.90 2.43 2.52 a c bc c ab

CT 3.35 5.11 4.80 4.87 3.88 a a a a a

LSD 0.97 1.21 0.93 1.18 1.56
CV 2.75 1.85 1.59 2.17 4.81
Numbers followed by the same letters within the column are not significantly different at (  = 0.05%) LSD=least significant different, CV= coefficient variation
C1=Cinnamon at 0.025, C2=Cinnamon at 0.050, C3=Cinnamon at 0.075, G1=Ginger at 0.15, G2=Ginger at 0.30, G3=Ginger at 0.45, CT=control 

Fig. 2: Total soluble solids of mango fruits treated with storage considered in this study. Results in Table 4
different type and concentration of essential oils at showed that acidity percentage was gradually decreased
different storage preids. as the storage period increased; this was same among all
C1  =  Cinnamon  at  0.025,  C2 = Cinnamon at treatments including that of the control. On the other
0.050,  C3  = Cinnamon  at  0.075,  G1=Ginger at hand, the control treatment showed a high reduction
0.15,  G2 = Ginger at 0.30, G3=Ginger at 0.45, values than cinnamon and ginger essential oil treated
CT=control fruits during the storage period, this reduction was

Total Soluble Solid ( Brix): The essential oil treatments 0.26, 0.21, 0.18) TA percentage was recorded from mango0

had significant effect on the total soluble solids fruits which were treated with 0.45% and the minimum
throughout the storage period. Results in Figure 2 (0.24, 0.23, 0.18, 0.16, 0.15) was registered in the control
indicated that TSS was gradually increased with the treatment 5, 10, 15, 20 and 25 DAI, respectively. The result
control treatments during the storage period, while ginger of the present study is in agreement with Asghari et al
and cinnamon essential oils treated fruits showed stability [31], who reported that treatment of strawberry fruits with
in Soluble Solids content during the storage periods cumin essential oil had significant influence on the
which consequently affect the fruit shelf life positively. titratable acidity of fruits on the 3 , 12  and 15 day’s
Mango fruits treated with both ginger at 0.45% and storage. Similarly, increased TA level has been reported
cinnamon at 0.75% had the lowest TSS value (5.1, 5.7, 6.2, in oil-treated clusters compared to the control [26].
6.9, 7.7) and (5.1, 5.9, 6.5, 7.1, 7.6) on the storage days of Moreover, the effect of ammi, anise, ziziphora and
5, 10, 15, 20, 25 respectively which shows the freshness of cinnamon essential oils on TA content of peach fruit were
the fruits because fruits maintain their freshness if the observed to be significant in TA content among treated
TSS  content is  not  reduced  or  very  slowly reduced. fruits and control [22]. On the other hand, the findings of
The  present  result was in agreement with that of the present investigation disagree with Marandi et al. [30]
Abdolahi et al. [26] reported that TSS level was lower in who reported that Thymus kotschyanus and Carum
oil treated grapes rather than controls. The effect of ammi, copticum oil treatment had no significant effect on
anise, ziziphora and cinnamon essential oils on TSS titratable acidity of table grapes.

content of peach fruit indicated that significant
differences were observed in TSS content among treated
fruits  and  control  [22]. In contrary to this finding
Marandi et al. [30] reported that Thymus kotschyanus and
Carum copticum oils treatment had no significant effect
on TSS of table grapes.

Titratable Acidity (%): Analysis of variance showed
significant effects (P < 0.05) of essential oils treatment on
TA contents of fruits at all data points throughout

significantly started from 5 DAI. The maximum (0.33, 0.30,

rd th th
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Table 4: Mean Titrtable acidity% at different days of storage of mango fruits after treating with different level of cinnamon and ginger essential oils
TA (%) in different days of storage
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 1 5 10 15 20 25
C1 0.34 0.26 0.24 0.20 0.17 0.26a d de cd de d

C2 0.35 0.28 0.25 0.20 0.18 0.16a c c c c abc

C3 0.34 0.30 0.26 0.22 0.19 0.17a b b b b ab

G1 0.34 0.29 0.24 0.18 0.18 0.16a bc d de cd abc

G2 0.35 0.30 0.25 0.20 0.19 0.15a b bc cd b bc

G3 0.35 0.33 0.30 0.26 0.21 0.18a a a a a a

CT 0.35 0.24 0.23 0.18 0.16 0.15a e  e  e  e c

LSD 0.019 0.014 0.0098 0.0154 0.0087 0.022
CV 3.07 2.73 2.16 4.22 2.62 7.88
Numbers followed by the same letters within the column are not significantly different at (  = 0.05%) LSD=least significant different, CV= coefficient variation
C1=Cinnamon at 0.025, C2=Cinnamon at 0.050, C3=Cinnamon at 0.075, G1=Ginger at 0.15, G2=Ginger at 0.30, G3=Ginger at 0.45, CT=control

Table 5: Means of pH at different days of storage of mango fruits after treating with different level of cinnamon and ginger essential oils
pH
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 1 5 10 15 20 25
C1 2.8 3.0 3.7 3.8 4.2 4.5a b b b bc b

C2 2.6 2.9 3.4 3.8 4.4 4.5a b b b b bc

C3 2.8 3.2 3.5 3.8 4.1 4.3a b b b bc c

G1 2.7 3.0 3.4 3.8 4.1 4.5a b b b bc b

G2 2.7 3.1 3.5 4.0 4.3 4.4a b b b b bc

G3 2.6 3.0 3.3 3.7 3.9 4.2a b b b c c

CT 2.8 3.7 4.3 5.2 6.0 6.3a a a a a a

LSD 0.22 0.41 0.45 0.47 0.38 0.47
CV 4.58 7.38 7.05 6.57 4.84 5.97
Numbers followed by the same letters within the column are not significantly different at (  = 0.05%) LSD=least significant different, CV= coefficient variation
C1=Cinnamon at 0.025, C2=Cinnamon at 0.050, C3=Cinnamon at 0.075, G1=Ginger at 0.15, G2=Ginger at 0.30, G3=Ginger at 0.45, CT=control

pH: ANOVA showed significant effect (p<0.05) of both ziziphora and cinnamon essential oils on post harvest
ginger and cinnamon essential oils at all concentration on decay and some quality factors of peach fruit indicated
pH of mango fruit compared to control starting from the 5 that there was no significant difference with respect total
DAI. The minimum pH (3.0, 3.3, 3.7, 3.9 and 4.2) was soluble solid to titratable acidity ratio content of fruits
recorded on 5, 10, 15,20,25 DAI respectively in the mango among treatments.
treated with 0.45% ginger essential oil and the maximum
pH (3.7, 4.5, 5.2, 6.0 and 6.3) was recorded on 5, 10, 15, 20, Storage Life (In Days): In the present work most of
25 DAI in control samples respectively. The pH gradually mango fruits were spoiled at the 20 days of storage.
increased in control treatment significantly beginning 5 Between 5-15 DAI all of the control mango fruits became
DAI throughout the storage (Table 5). Whereas cinnamon deteriorated. At day 18 cinnamon (0.025%, 0.050% and
and ginger essential oils treatments maintained pH for a ginger 0.15%) treated mango fruits became unmarketable.
long the storage period compared with the control However, only mango fruits treated with cinnamon 0.075%
especially when the fruits were treated with the higher and ginger 0.45%, 0.30% stay until 20 days of storage,
concentrations of these essential oils, which positively which could be marketable. This result is similar with the
affected shelf life. work of Abdolahi et al.[26] who reported essential oils

Total Soluble Solids to Titratable Acidity Ratio: The day) of storage.
effect of essential oil on total soluble solid to titratable
acidity ratio of mango fruits showed a significant The Correlation of Disease Parameters with Other
difference at (p< 0.05) between control and other Quality Parameters: The Table 7 below shows that both
treatments starting from 5 DAI (Table 6). Study done by the  disease  parameters  were positively correlated with
Samane and Aminifard [22] on effect of ammi, anise, all  quality  parameters  except  that  of firmness which was

treatments had no effect on fruits in the end (after 20th
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Table 6: Means of total soluble solids to titratable acidity at different days of storage of mango fruits after treating with different level of cinnamon and ginger
essential oils

TSS to TA Ratio
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Treatment 1 5 10 15 20 25
C1 8.12 18.72 23.83 32.59 40.24 50.06a dc b c b b

C2 8.5 19.10 24.52 32.72 41.98 52.91 a dc b c b b

C3 8.47 19.69 24.67 33.30 41.56 51.68a bc b c b b

G1 7.48 18.01 24.62 38.62 42.76 57.56a d b b b b

G2 8.97 18.09 24.33 40.18a 41.96 48.36a d b b b b

G3 7.69 21.32 24.95 34.81 41.89 52.86a a b c b b

CT 8.48 20.72 32.29 43.37 60.03 73.3a ab a a a 7a

LSD 1.29 1.44. 2.28 3.31 3.46 10.2
CV 8.78 4.18 4.99 5.10 4.40 10.37
Numbers followed by the same letters within the column are not significantly different at (  = 0.05%) LSD=least significant different, CV= coefficient variation
C1=Cinnamon at 0.025, C2=Cinnamon at 0.050, C3=Cinnamon at 0.075, G1=Ginger at 0.15, G2=Ginger at 0.30, G3=Ginger at 0.45, CT=control 

Table 7: The correlation of all disease and quality parameters on the 15  day of storage after inoculationth

WL PH FIR TA TSS INC SEV TSSTA
WL 1
PH 0.622 1*

FIR -0.737 -0.807 1** **

TA 0.817 0.809 -0.883 1** ** **

TSS 0.720 0.894 -0.903 0.870 1* ** ** **

INC 0.627 0.720 -0.810 0.774 0.801 1* * ** ** **

SEV 0.668 0.814 -0.769 0.788 0.824 0.903 1* ** ** ** ** **

TSSTA 0.334 -0.616 -0.615 0.397 0.793 0.540 0.541 1ns * * ns ** * *

WL=weightloss, FIR= firminess, TA=Titratable acidity, TSS= Total Soluble Solids, INC= incidence, SEV= severity, TSSTA= Total Soluble Solids to
Titratable acidity * indicates significant differences at 5% significance level; **= significant at 1% significance level, ***=highly significant at 0.1% significance
level; ns= non-significant

negatively correlated. The correlation of these parameters weight more and essential oils reduces this weight losses
started being significantly after 5 DAI. This finding is in due to its fungal growth inhibition characteristic on the
line with Bakkali, 2008 who reported that essential oils fruits.
have been known as secondary metabolites in plants Cinnamon and ginger essential oils had substantial
responding to biotic stress and to undergo profound effect on weight loss of mango fruits throughout storage.
changes in plants interacting with fungal and other Total soluble solids increases possibly due to increased
pathogens [32]. respiration rates and fungi infection. The total soluble

CONCLUSION slower than the control treatment which increases very

The disease incidence of mango fruits increased with increase. As pH increases the fruit infection increased.
the time and almost all treated mango fruits showed the Even though pH increases throughout the storage,
disease symptom after seventeen days of storage and all essential oil treated fruits increase slowly as they are
of the control fruits showed the symptom after six days. barrier to fungal disease which fastens the deterioration
Essential oils (cinnamon and ginger) with different of fruits. Some other parameters like firmness decrease
concentrations not only delayed the occurrence of through the storage period. This reduction in firmness
anthracnose disease but also maintained the freshness of shows that the fruit is more ripening and essential oil
the fruits during first two weeks of storage and later on slows the ripening of fruit and makes it fresher. Titratable
showed few symptoms. Fruits treated with essential oil acidity  also  reduced  as  the storage period goes on.
were better maintained and had low severity of decay Total soluble solids to titratable acidity ratio which shows
scores, whereas non-treated fruits showed high fruit the level of sweetness in other case also increase. As this
deterioration. Some physicochemical parameters like increases through the storage time, the sweetness of the
weight loss, increases through the storage which fruits also increases which shows as that the fruit is being
indicates, as the fruit is affected by disease it losses its more ripen.

solids of the fruits treated with essential oils increases

rapidly.  pH  also  increases  as the time of storage
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Generally the maintenance of the above quality 8. Noomhorm, A. and N. Tiasuwan, 1995. Controlled
parameters makes the fruit to stay for longer time than atmosphere storage of mango fruit, Mangifera indica
normal which mean that the shelf life of the mango fruit is L., Journal of Food Production, 19: 271-281.
extended when we treated with essential oils of ginger and 9. Panhwar, F., 2006. Post Harvest Technology of Fruits
cinnamon at the concentration of 0.15, 0.30, 0.45 and 0.025, and Vegetables, ECO Services International,
0.050 and 0.075% respectively. The ineffectiveness of Hyderabad Sindh, Pakistan.
essential oils in full controlling anthracnose pathogen at 10. Sharma, R.R. and A. Pongener, 2010. Natural
ambient temperature could be due to their high volatility. products for postharvest decay control in

From the current study, we can conclude that horticultural produce: a review, Stewart Postharvest
essential oils have a significant effect on development of Reviews, 6: 1-9.
anthracnose disease, quality and shelf life of mango fruit. 11. Johnson and Hofman, 2009. The Mango: Botany,
From all the concentration levels of essential oils, Production and Uses, Edition: Second, Chapter: 16,
cinnamon (0.075%) and ginger (0.45%) showed better Publisher: CABI, pp: 528-605.
results in all parameters. 12. Amarante, C. and N.H. Banks, 2001. Postharvest
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