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Control of Rhizopus rot disease of Apricot Fruits (Prunus armeniaca L.) 
by Some Plant Volatiles Aldehydes
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Abstract: Rhizopus rot caused by Rhizopus stolonifer is a potentially serious postharvest disease of

Apricot (Prunus armeniaca L.), Plant volatiles aldehydes (PVAs) i.e. acetaldehyde, benzaldehyde and

cinnamaldhyde as a vapors phase and/or solutions  phase could be an alternative to use of postharvest
chemical fungicides. In vitro testes, acetaldehyde vapor 25 and 50 µl/l (30 and 60 min.) time exposure,

showed that a complete reduction of fungal mycelium growth , while at low concentration 25µl/l (15 min.)

acetaldehyde vapor shows that ,23.7% reduction of fungal growth followed by benzaldehyde vapor by
5.5%. Meanwhile, cinnamaldehyde vapors were found to be significantly more effective than other (PVAs)

to reducing the percentage of R .stolonifer spores germination at all tested concentrations and different

times exposure. At 25 µl/l and 15min.cinnamaldehyde vapor tended to significant decrease in spore
germination by 33.9% followed by benzaldehyde and acetaldehyde vapors by 22.4 and 17.4%. On the

other hand, acetaldehyde solution at 100 and 200 ppm shown a complete reduction of both fungal growth

and spore germination, while at low concentration 25 ppm , cinnamaldhyde solution gave a highly
significant effect for reducing the fungal growth and spore germination by 59.2% and 66.7%, respectively.

On the other hand all (PVAs)aldehydes vapors were decreasing the percentage of Rhizopus rot incidence
,acetaldehyde vapor was more effect for reduction the percentage of disease incidence by 30.0% followed

by fruits exposed to benzaldehyde and cinnamaldhyde vapor by 24.5 and 19.8%. At low tested

concentration 0.5%, cinnamaldhyde solution gave 24.4% reduction in disease incidence, followed by
benzaldehyde treatment by 22.3% while, acetaldehyde solution gave less effect. Apricot fruits treated with

benzaldehyde solution with all tested concentrations resulting best effect to reducing the percentage of fruit

decay tissue with significantly values if compared with other (PVAs) aldehydes. Combination of the above
complementary techniques could well lead to effective control of Rhizopus rot disease of apricot fruits

during transportation, storage and marketing process.  

Key words: Rhizopus rot disease, Apricot fruits,  Plant volatile aldehydes, Fumigation, Fruits coating,

Acetaldehyde, Benzaldehyde, Cinnamaldhyde, Rhizopus stolonifer

INTRODUCTION

Rhizopus rot, caused by Rhizopus stolonifer
(Ehrenb.:Fr.) Vuill. is a potentially serious postharvest

disease of stone fruits, particularly apricot fruits(Prunus

armeniaca L.) cv.Kanino . Infection occurs[25,33,32,41]

through  injuries  made  during picking or handling

and results in decay during storage or marketing.

Besides  affecting  stone fruits, species of Rhizopus
also cause serious production losses of strawberries and

raspberries sweet potatoes , cantaloupes , and,[11] [28] [ 4 8 ]

grapes . [8]

Rhizopus  rot  on apricot is characterized by a

mass of aerial mycelia on which structures called
sporangiophores are attached. Sporangiophores are

covered  with  minute gray to black sporangia

(pinpoint size), which give a gray appearance to the
rot. (plate1). 

The sporangia rupture easily freeing spores which

are disseminated in air to other fruit. The infected

tissue is soft and watery. Once the fungus is
established on fruit it can spread quickly to nearby fruit

resulting in clusters of infected fruit. This post-harvest

disease consists of large masses of black-grey fungus
extending outward from the fruit in a whisker-like

effect. One diseased peach in a container can infect

many other fruits in a few days. Because this fungus
is a wound parasite, breaks in the skin favor disease

development . Synthetic fungicides are the primary[33]

means to control postharvest diseases . They are[1 3 , 1 4]

used alone, combined in mixtures, or applied separately

in sequence  However, several fungicides have been[23].

removed from the market due to possible toxicological

risks. In addition, repeated use of certain systemic

fungicides in packinghouses has led to the appearance
of  fungicide-resistant pathogens. Over recent decades
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Plate 1: Rhizopus rots disease symptoms on apricot fruits (cv.Kanino)

there has been increasing public pressure to reduce the

use of synthetic fungicides in agriculture products and

their presence in the environment. Moreover, concerns

have been raised about the health risk involved in the

use of synthetic fungicides on fresh fruits and

vegetables shortly before consumption. Therefore,

considerable research has been recently directed toward

the development of effective alternative crop

protectants. The European Commission has been

actively promoting the development and commercial

implementation of such new compounds, known as

“ Green Chemicals” . Certain plant volatile aldehydes[22]

(P VAs)  e .g.  ac e t a ldehyde ,  beza ldhy d e  a nd

cinnamaldhyde produced by fruits during ripening also

show antifungal activity. Acetaldehyde has been found

effective in postharvest protection of apples , sweet[45]

cherries  and stone f ru it s , .  He xa nal and[ 2 6 ] [ 9 ]

benzaldehyde, produced by ethe r  s tone fruit

metabolism, also have a fungistatic/fungicidal activity

when utilized in postharvest treatment against Monilinia

laxa and Rhizopus stolonifer  Acetaldehyde has been[10].

tested against decay micro-organisms commonly found

on strawberry fruit such as B. cinerea and Rhizopus

stolonifer acetaldehyde has also been reported to[5], 

inhibit postharvest micro-organisms such as Erwinia

carotovora, Pseudomonas f luorescens, Monilinia

fructicola , Penicillium spp.  and various species of[1] [45]

yeast  commonly found on fruit and vegetables. Some[6]

plant volatiles, e.g. acetaldehyde, benzaldehyde,

cinnamaldehyde,  ethanol,  benzyl  alcohol, nerolidol,

2-nonanone have also been found to have antifungal

activity against the fruit and vegetable pathogens P.

digitatum, R. stolonifer, Colletotrichum musae and

E r win ia  c ar atovora during in vitro tria ls [ 4 7 ]

Benzaldehyde has been used in the laboratory to

fumigate peaches and to protect them against Rhizopus

rot, and it totally inhibited spore germination of B.

cinerea at 25 ìl l  and germination of M. f ructicola at!1

125 ìg l . Cinnamon bark oil is rich in!1 [ 5 1 ]

cinnamaldehyde. Cinnamon extracts have fungistatic

and fungicidal activity against the anthracnose and

crown rot pathogens and spraying them on Embul

banana prior to storage, controlled crown rot and

extended shelf-life . The effects of acetaldehyde,[37,38]

benzaldehyde, cinnamaldehyde, ethanol, benzyl alcohol,

nerolidol, 2-nonanone, â-ionone, and ethyl formate

vapors on the growth of Rhizopus stolonif er ,

Penicillium digitatum, Colletotrichum musae, Erwinia

carotovora,and Pseudomonas aeruginosa on agar

medium were evaluated by  and they found that.[27]

These  aldehydes  vapors were found to be the

strongest  growth  inhibitors  and  the most lethal to

the  fungal  spores  and  mycelia  and  bacterial  cells.

The  objective  of this study is evaluation the

protective effect of some volatile aromatic aldehydes

either as vapor phase and/or as liquid phase against

postharvest  Rhizopus  rot  incidence of apricot fruits

in Egypt. 
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MATERIALS AND METHODS

Isolation of Pathogenic Fungus from Apricot Fruits:

Commercial apricot fruits (Kanino cv.) collected three
times during marketing season from trade markets

located at different areas in Egypt . Collected apricot
fruits were classified in two groups, the first one,

apparently healthy fruits and the second one, apparently

decayed fruits. Decayed fruits were stored at 25-28°C
for 5 days with daily examinations. Isolated fungi from

decayed apricot fruits were identified according to

Gilman  Ellis  Barnett and Hunter  Richarson[20], [15], [7], [39]

and Larone  The purified fungal cultures were[24].

maintained on PDA medium for further studies.

Fungal Spore Suspension Preparation: The surface-

plated culture of the R.stolanifer  in Petri dishes was

sub-cultured by streaking the spores onto the new
potato dextrose agar (PDA) media. New plated cultures

were then incubated for 7 days at 25 °C.The spores of

7-day-old cultures of decay fungus was dislodged by
sterile distilled water to which 0.1 mL/L of Tween 80

had been added. The spores suspensions were then

filtered with sterile filter paper (Wat.) No. 1 to remove
debris such as mycelia and condensed agar fragments,

and the aliquot was diluted to a concentration of 105
fungal spores/mL suspensions[47].

Plant Volatile Aldehydes Source: The volatile
aldehydes were purchased from National Research

Center – Bio-Chem.Divition, except for cinnamaldhyde,

which was purchased from Wilkinson-Vickers LTD.
Imported by El-Nasser, Com. for  Chemicals -Supply

(Egypt).

Fumigation: Cinnamaldehyde acetaldehyde and

benzaldehyde fumigation was carried out in specially

designed fumigation chamber 270 L in volum with fan
to have closed circulated air current.[30]

Effect of Fumigation with Different (PVAs)
Alde hyde s on L ine ar  Gr owth and Spor e

Germination Of: R.stolanifer Four concentrations of

different volatile aromatic aldehydes vapors i.e . 0, 25,
50 and 100µl/l with three exposure time i.e., 15,30 and

60 min. were tested against linear growth of
R.stolonifer .Disks (10-mm-diameter) of 7 days old

cultures of fungus were fumigated with different

volatile aldehydes vapors at previous concentrations for
various exposures times in fumigation chamber, then

transferred to plates containing potato dextrose agar

(PDA) medium. Fungus linear growth was measured
when the control plates reached full growth and the

average diameter was calculated. Twenty five replicates

were used for each treatment. Drops of spore

suspensions of P. digitatum were placed on PDA
medium at five equidistant points on Petri-plates,

inoculated plates were uncovered and fumigated with

different volatile aldehydes vapors at 0, 25, 50 and
100µl/l for 15, 30 and 60 min in fumigation chamber.

Fumigated plates were covered and incubated for 24h
at 25 <C. Germination percent of spores was

determined by counting 100 spores five times in each

drop microscopically.[42]

Effect of (Pvas) Aldehydes Solutions on the Linear

Growth and Spore Germination of R.stolonifer in
vitro: Four concentrations of different volatile aromatic

aldehydes solutions i.e. 25, 50, 100 and 200ppm were

tested. Different prepared solutions were added to
conical flasks containing PDA medium to obtain  the

proposed concentrations, then mixed gently and

dispensed in sterilized Petri plates .Plates were
individually  inoculated  at  the  center with equal

disks (10-mm- diameter) of 7 days old culture of the

tested fungus. 
Inoculated  plates  were  incubated  at  25  C°.

The average dimater of fungal linear growth  and

precentage  of  spore  germination were calculated
after 7 days . 

                            
Effect of Fruit Fumigated with Different (PVAs)

Aldehydes on Rhizpous Rot Incidence of Apricot

Fruit: Volatile aldehydes vapors were tested against
Rhizpous rot incidence. Fresh apricot fruits apparently

free from physical damage and diseases were

artificially wounded using sterilized nail .Inoculation of
wounded fruits was carried out by spraying fruits with

spore suspension (10  spores/ml ) of R. stolonifer 5

then air dried at room temperature 23-25C°. Inoculated
fruits were fumigated with different concentrations of

(PVAs) vapors i.e., 0.5, 1.0 and 2.0 ml/l (v/v) for 15,

30 and 60 min in fumigation chamber. Fumigated –
inoculated fruits were air dried, then stored inside

unused carton trays (40x25x10cm). All trays were

stored in cold room at 10-15C° for 7 days, and then
examined daily. Decayed fruits were counted and the

percentage of diseases incidence was recorded. At the

last of storage time the percentage of fruit rotted tissue
were recorded.

Effect of Fruit Treated with Different (PVAs)

Aldehydes Solutions on Rhizpous Rot Incidence and

Percentage of Fruit Rotted Tissue: Fresh apricot
fruits apparently free from physical damage and

diseases were artificially wounded using sterilized

nail.Three concentrations of different volatile aldehydes
solutions i.e. 0.5, 1.0, 1.5 and 2.0% (plus 1% Arabic

gum solution as an adhesive material) were tested.

Fruits  were  dipped  in  different   concentration  of
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prepared solution, and then air dried for 2 h at room
temperature. Inoculation of fruits was carried out by
wounded and spraying with R.stolanif er  spore
suspension   (10  spores/ ml) and then air dried again5

for 2h.  Treated inoculated fruits were stored in carton
trays stored in cold room at 10-15C° for 7 days, and
then examined daily. Percentage of fruit infection and
percentage of fruit rotted tissue part was recorded after
7 days of storage.

Stat i stical analysis: Tukey test for multiple
comparisons among means was utilized[31]

RESULTS AND DISCUSSION

Results:
Effect of Fumigation with (PVAs) Aldehydes Vapors
on the Linear Growth and Spore Germination of R.
Stolonifer in vitro: Three concentrations of tested

aldehydes vapors i.e. 25, 50 and 100 µl/l at three
exposure time i.e., 15, 30 and 60 min were tested
against  fungal linear growth  and percentage of spore
germination . Results in Table (1) indicate that, all
(PVAs) aldehydes vapors concentration at all
fumigation exposure times affected the fungal growth.
All (PVAs) vapors showed best results at 100µl/l by 60
min exposure time than other concentrations and
exposure times. Acetaldehyde vapor was more effective
against the fungal growth than other (PVAs) aldehydes,
it gave a complete reduction of fungal growth at 50µl/l
by 30 min exposure time, followed by benzaldehyde
and cinnamaldehyde vapors, they gave 64.8% and
51.85,respectively at 100µl/l with 60 min exposure
time. On the other hand, cinnamaldehyde vapor at all
concentrations in all exposure time gave good results
against percentage of spore germination of tested
fungus if compared with two other (PVAs) vapors.
Cinnamaldehyde vapors at 100µl/l (60 min) gave
67.0% reduction in spore germination followed by

benzaldehyde vapor by 46.8% and acetaldehyde vapor
by 40.0%.

Effect of (PVAs) Aldehydes Solutions on the Linear
Growth and Spore Germination of R. Stolonifer in
vitro: Three concentrations of different (PVAs)
aldehydes solutions i.e. 25, 50, 100 and 200 ppm were
tested. Different prepared solutions were added to
conical flasks containing PDA medium to obtain the
proposed concentrations. Results in Table (2) indicate
that, the volatiles aldehydes solutions were effective
against the fungus growth and reduction of spore
germination at all tested concentrations. Acetaldehyde
solution was a highly effect with significant values for
reducing the fungal growth and fungus spore
germination if compared with other tested volatiles
aldehydes. Acetaldehyde solution at both 100 and 200

ppm concentrations showed completely reduction of
fungus growth and spore germination. Cinnamaldhyde
solution gave a complete reduction of fungus growth
and spore germination at the same concentration, while
at 100 ppm concentrations gave a complete reduction
of fungal spore germination. Benzaldehyde solution at
200 ppm shown a highly effect to reducing the fungal
growth by 88.5% and reduction the percentage of spore
ge rmination by 89.5%. On the othe r  hand ,
Cinnamaldehyde solution at 25 and 50 ppm
concentration gave a highly effect to reducing spore
germination by 59.2%, 66.6% and 66.7, 80.0 %,
respectively. while, acetaldehyde gave a moderate
effect to reducing the fungal growth by 64.4% at 50
ppm and reduction the percentage of spore germination
by 33.4% at the same concentration. Benzaldehyde
solution shown less effect, at low concentrations,
against both fungal growth and spore germination. 

Effect of Fruit Treated with Different Volatile
Aldehydes on Rhizopus Rot Incidence and
Percentage of Fruit Rotted Tissue: (PVAs) aldehydes
were tested against Rhizopus rot incidence of apricot
fruits either as vapors phase and / or liquid phase.
Inoculation of wounded fruits was carried out by
spraying  fruits with spore suspension (10  spores/ml)5

of  R. stolonifer, then air dried at room temperature,
23-25C°.

Effect of Fruits Fumigation with (PVAs) on
Rhizopus Rot Incidence after 7 Days of Treatment:
Inoculated  fruits  were fumigated with different
volatile vapors at three concentrations i.e., 0.5, 0.1 .0
and 2.0 ml/l (v/v) in fumigation chamber for Different
exposure times i.e. 15 ,30 and 60 min. Decayed fruits
were counted and the percentage of diseases incidence
and percentage of fruit rotted tissue were recorded at
the last of storage time. Results in Table (3) shown
that, all (PVAs) aldehydes vapors were decreasing the

percentage of Rhizopus rot incidence; At first exposure
time (15 min) and high concentration 2.0ml/l,
acetaldehyde vapor was more effect for reduction the
percentage of disease incidence by 30.0% followed by
fruits exposed to benzaldehyde and cinnamaldhyde
vapor by 24.5 and 19.8% , respectively. Meanwhile, at
second exposure time (30 min) and the same
concentration 2.0ml/l , benzaldehyde vapor gave strong
effect for reducing the percentage of disease incidence
by 59.5%, followed by Fruits exposed to acetaldehyde
vapor by 29.0%, cinnamaldhyde vapor gave less effect.
The same trend was shown when apricot fruits were
exposed to (60 min) at high concentration 2.0ml/l,
benzaldehyde vapor gave best significant  results for
reducing the percentage of Rhizopus rot incidence by
44.5% , followed by acetaldehyde vapor by 34.6% and
cinnamaldhyde vapor by 12.0%.   
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Table 1: Effect of (PVAs) aldehydes vapors on the linear growth and percentage of spore germination of R. stolonifer in vitro

(PVAs) aldehydes Conc.µl/l Exposure Time (min) Growth (mm) * R %  S. Germination % R %

Acetaldehyde 25 15 60.5  b 23.7 82.6  b 17.4

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

50 30 00.0  c 100 60.1  c 39.9

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

100 60 00.0  c 100 60.0  c 40.0

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

Benzaldehyde 25 15 85.5  a 5.5 77.6  b 22.4

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

50 30 84.0  a 6.6 70.0  b 30.0

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

100 60 31.6  b 64.8 53.2  c 46.8

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

0 100.0 a

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

Cinnamaldehyde 25 15 90.0  a 0 66.1  b 33.9

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

50 30 83.3  b 7.4 40.6  c 59.4

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

100 60 43.3  c 51.8 33.0  d 67.0

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

Control 0 0 90.0  a 0 100.0 a 0.00

R*: Reduction in Fungal growth and or spore germination

Figures with the same letters are not significant (P = 0.05).

Table 2: Effect of (PVAs) solution on the linear growth and percentage of spore germination of R. stolonifer in vitro.

(PVAs) aldehydes Conc. (ppm) Fungal linear growth(mm)  *R % Spore Germination % R %

Acetaldehyde 25 55.2 b 38.6 90.3 a 9.7

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

50 32.0 c 64.4 66.6 b 33.4

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

100 00.0 d 100 00.0 c 100

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

200 00.0 d 100 00.0 c 100

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

Benzaldehyde 25 77.1 b 14.3 85.3 b 14.7

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

50 65.0 bc 27.7 80.1 b 19.9

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

100 41.5 c 53.8 53.6 c 46.4

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

200 10.3 d 88.5 10.5 d 89.5

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

Cinnamaldehyde 25 36.7 b 59.2 33.3 b 66.7

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

50 30.0 b 66.6 20.0 c 80.0

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

100 18.6 c 79.3 00.0 d 100

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

200 00.0 d 100 00.0 d 100

Control 0 90.0 a 0.00 100.0 a 0.0

*R: % Reduction of mycelia growth and spore germination.

Figures with the same letter are not significant (P=0.05).

Effect of Fruits Treated with Volatile Aldehydes

Solution on Rhizopus Rot Incidence after 7 Days of
Treatment: Fresh apricot fruits apparently free from

physical damage and diseases were artificially wounded
using sterilized nail. Five concentrations of different

(PVAs) solutions i.e. 0.0, 0.5, 1.0, 1.5 and 2.0% were

tested. Fruits were dipped in different concentration of
prepared solution, then air dried for 2 h. Inoculation of

fruits was carried out by wounded and spraying treated

fruits with spore suspension (10  spores/ ml) of6

Rhizopus stolonifer .Results in Table (4) Indicate that,

all (PVAs) aldehydes solution were decreasing

percentage of Rhizopus rot incidence, This action was
incensed with increasing (PVAs) concentrations.

Cinnamaldhyde solution at all concentrations significant
reducing the disease incidence with high values if

compared with other tested (PVAs). At low tested

concentration 0.5%, cinnamaldhyde gave 24.4%
re duction in disease incidenc e ,  fo llowe d  by

benzaldehyde treatment by 22.3% while, acetaldehyde

solution gave less effect. The same trend were shown
at  highly  tested concentration 2.0%, cinnamaldhyde



Res. J. Agric. & Biol. Sci., 4(5): 424-433, 2008

429

Table 3: Effect of fumigated fruits with (PVAs) aldehydes on Rhizopus rot incidence after 7 days of treatment.

Rhizopus rot incidence %

(PVAs) aldehydes Conc. (ml/l) -------------------------------------------------------------------------------------------------------------------------------------

Exposure time (min)

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

  15 *R%  30 R%  60 R%

Acetaldehyde 0.5 90.0 a 10.0 82.0 b 18.0 80.0 b 20.0

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

1.0 85.3 b 14.7 81.0 b 19.0 78.6 b 21.4

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

2.0 70.0 c 30.0 71.0 c 29.0 65.4 c 34.6

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

Benzaldehyde 0.5 89.0 b 11.0 86.6 b 13.4 80.0 b 20.0

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

1.0 88.1 b 11.9 86.6 b 13.4 79.0 b 21.0

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

2.0 75.5 c 24.5 40.5 c 59.5 55.5 c 44.5

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

Cinnamaldehyde 0.5 90.3 a 9.7 75.6 b 24.4 72.0 c 28.0

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

1.0 77.6 b 22.4 50.3 c 49.7 44.0 d 56.0

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

2.0 80.2 b 19.8 82.5 b 17.5 88.0 b 12.0

Control 0.0 100.0 a 0.0 100.0 a 0.0 100.0 a 0.0

*R: % Reduction of disease incidence.

Figures with the same letter are not significant (P=0.05).

Table 4: Effect of apricot fruits treated with (PVAs) aldehydes solution on Rhizopus rot incidence after 7 days of storage.

(PVAs) aldehydes Conc. (%) Rhizopus rot incidence % *R % Fruit decay tissue % **R %

Acetaldehyde 0.0 100.0  a 0.0 90.3 a -----

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

0.5 81.1   b 18.9 81.0 b 10.2

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

1.5 70.0   c 30.0 80.0 b 11.4

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

2.0 63.2   cd 36.8 50.0 c 44.6

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

Benzaldehyde 0.0 100.0  a 0.00 85.2 a 0.0

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

0.5 77.7   b 22.3 25.5 b 70.0

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

1.5 66.0   c 34.0 22.0 b 74.1

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

2.0 51.0   d 49.0 10.0 c 88.2

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

Cinnamaldehyde 0.0 100.0  a 0.00 88.9 a ----

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

0.5 75.6   b 24.4 66.6 b 25

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

1.5 58.3   c 41.7 50.6 c 43

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

2.0 33.5   d 66.5 33.0 d 62.8

Figures with the same letter are not significant (P=0.05)

*R : % Reduction of Rhizopus rot incidence.

**R :%Reduction of fruit decay Tissue.

resulting high reduction of Rhizopus rot incidence by
66.5% followed by fruits treated with benzaldehyde and

acetaldehyde by 49.0 and 36.8%. On other hand, Fruits

treated with benzaldehyde solution was decreasing the
percentage of fruit decay tissue by significant values if

compared with other (PVAs) and with blank treatment

at all concentrations. At low concentration 0.5%
benzaldehyde gave 70.0% reduction of fruit decay

tissue, followed by cinnamaldhyde by 25.0%, while

acetaldehyde solution gave less one. Meanwhile, at

high tested concentration 2.0% benzaldehyde treatment
gave 88.2% reduction in fruit decay tissue followed by

cinnamaldhyde  and  acetaldehyde  by  62.8 and

44.6%, respectively.

Discussion: The plant volatiles aldehydes i.e.

acetaldehyde, benzaldehyde and cinnamaldhyde were
found to be stronger inhibitors of fungal growth and

shown a germicidal effect when applied with little

concentrations. Plants have an almost limitless ability
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to synthesis aromatic substances, most of which are
phenols or derivatives . Plant produce a wide range[40]

of secondary metabolites., the essential oil produced by

different genera are, in many cases, biologically active,
endowed with antimicrobic, allelopathic, antioxidant

and bioregulatory properties . Acetaldehyde has[18,19]

been known for several decades for its fungicidal and

insecticidal properties, and several workers have

demonstrated the ability of Acetaldehyde to inhibit the
development of  postharvest rots on various crops.

Thus, significant reduction of Botrytis cinerea and

Rhizopus stolonifer on strawberries and grapes and of
Penicillium expansum on apples has been achieved by

Acetaldehyde treatment . The results of the[36,45,29,3,34,5]

present study showed that (PVAs) aldehydes inhibited
mycelium growth and spore germination of Rhizopus

stolonif er  in vitro trials by significantly rates.

Acetaldehyde vapor at 50 and 100 µl/l concentrations
and time exposure (30 and 60 min.) resulted a

complete reduction of fungal mycelium growth, while

at 25µl/l (15 min.) tended to decrease of fungal growth
by 23.7% followed by benzaldehyde vapor by 5.5%.

Cinnamaldhyde vapors were found to be significantly

more effective against fungal growth and spore
germination than other (PVAs) at all tested

concentrations and all times exposure. Acetaldehyde
solution at 100 and 200 ppm resulted a complete

reduction of both fungal growth and spore germination.

while, cinnamaldhyde solution gave a highly significant
effect for reducing the fungal growth and spore

germination by 59.2% and 66.7%, respectively, at low

concentration 25 ppm. These results confirms pervious
finding  that, The GRAS compounds cinnamaldehyde

(at 30 ppm), acetaldehyde (at 70 ppm), benzaldehyde

(at 50 ppm) and potassium metabisulphite (at 250 ppm)
either completely inhibited or significantly reduced the

in vitro mycelial growth of Gliocephalotrichum

microchlamydosporum, Colletotrichum gloeosporioides
and Botryodiplodia theobromae, the causative fungi of

brown spot, anthracnose and stem end rot, respectively,

of rambutan fruits, Nephelium lappaceum. The four
compounds also significantly reduced the severity of all

three diseases and the activity of pectic lyase and

polygalacturonase enzymes secreted by the three
fungi . Fumigation with other aldehydes, such as[43]

propanal and butanal, has also proved effective in
controlling the decay of sweet cherry caused by

Botrytis cinerae . The effectiveness of plant[ 2 6 ]

aldehydes, such as cinnamaldehyde and benzaldehyde,
in inhibiting fungal growth in vitro was greater than

that of acetaldehyde, but all the aldehydes were much

more effective than ethanol vapor in retarding fungal
growth in Petri dishes . The inhibition of fungi[47]

growth on inoculated peaches was directly proportional

to the Acetaldehyde  concentrations, an acetaldehyde

dip at a high concentration (40%) completely
preventing  the  mycelial  growth  of R. stolonifer[16].

In addition Acetaldehyde has been reported to retard

the in vitro growth of postharvest pathogens  and[2,1,4,47]

to inhibit growth on food spoilage yeasts . [6]

In this respect, Smid et al  tested Fifteen[44]

essential oil components were screened for antifungal

activity towards Penicillium hirsutum and P. allii.

C a r v o n e ,  c u m in a ld e h y d e ,  p e r i l l a l d e h y d e ,
cinnamaldehyde, salicylaldehyde and benzaldehyde

were selected as the most potent inhibitors of in vitro

growth. Growth inhibition by carvone was found to be
reversible. Exposure to cinnamaldehyde vapors resulted

in irreversible inhibition of the growth of both fungi.[6]

Some plant volatiles, e.g. acetaldehyde, benzaldehyde,
cinnamaldehyde, ethanol, benzyl alcohol, nerolidol, 2-

nonanone have also been found to have antifungal

activity against the fruit and vegetable pathogens P.
digitatum, R. stolonifer, Colletotrichum musae and

Erwinia  c ar o tov or a  during in vitro trials . [ 4 7 ]

Benzaldehyde has been used in the laboratory to
fumigate peaches and to protect them against Rhizopus

rot, and it totally inhibited spore germination of B.

cinerea at 25 ìl l  and germination of M. fructicola at!1

125 ìg l . On the other hand, in the present study,!1[51]

found that all (PVAs)aldehydes vapors were found to
be significantly decreased the percentage of Rhizopus

rot incidence. Acetaldehyde vapor was more effective

to reducing the percentage of disease incidence by
30.0% at 2.0µl/l and (15 min) followed by fruits

exposed to benzaldehyde and cinnamaldhyde vapor at

by 24.5 and 19.8%, respectively, Meanwhile,
cinnamaldhyde solution at all concentrations were

found to be  significantly more reducing the disease

incidence than other tested (PVAs). At low tested
concentration 0.5%, cinnamaldhyde tended to decrease

disease incidence by 24.4%, followed by benzaldehyde

by 22.3% while, acetaldehyde solution resulted less
effect. Apricot fruits coated with benzaldehyde solution

with all tested concentrations resulting best effect to

reducing the percentage of fruit decay tissue with
significantly values if compared with other (PVAs)

aldehydes. Previous reports indicated reduced fruit

decay during postharvest treatments with volatile
compounds for several produce including raspberry and

kiwi fruit . Natural volatile compounds, including[50,49]

plant growth regulators such as methyl jasmonate, have

been extensively investigated and demonstrated to elicit

defense responses from the plant  as well as[21,52]

antibacterial and antifungal activities . And agreed[12]

with Wilson et al  found that, benzaldehyde has been[51]

used in laboratory to fumigate peach fruits to protect
them against Rhizopus rot. Morris et al  studied the[29]

effect of acetaldehyde on postharvest quality of

mechanically harvested strawberries and they found the
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acetaldehyde  treatment can keep strawberries fruits

long time without decay and increasing shelf-life.

Utama et al  reported that, some plant volatiles e.g.[46]

acetaldehyde, benzaldehyde, cinnamaldhyde, ethanol,

benzylalchol, nerolidol and 2-nonanone have been

found to have antifungal activity against fruit and

vegetable pathogens Penicillium digitatium , Rhizopus

stolonifer and Colletotrichium musa during in vitro

trials. The fungicidal effect of Acetaldehyde and other

aldehydes may be direct or it may be achieved through

the augmentation of fruit resistance via synthesis of

antifungal materials. It has been reported that in

oranges, Acetaldehyde is the precursor, via acetyl CoA,

of mevalonic acid, which is the precursor of all other

monoterpenes, including the phytoalexin, limonene[17].

Application of acetaldehyde or an anaerobic treatment

with N2 or CO2 for 24 h, which increased limonene

levels,  protected orange fruit against fungal decay .[35]

It has been reported that acetaldehyde vapor induced

the leakage of electrolytes, sugars and amino acids

from the fungi B. cinerea and R. stolonifer, which

suggests that cell membranes are irreversibly disrupted

by acetaldehyde as a first step towards inhibition of the

fungus activity . In conclusion, our results indicate that[4]

the use of some plant volatiles aldehydes as a vapors

phase and/or liquid phase can be used as alternative of

chemical fungicides to controlling Rhizopus rot

diseases of apricot fruits after harvest and during

transportation, marketing and storage.
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