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ABSTRACT  

 
Blue and green molds caused by Penicillium italicum Wehmer and 

Penicillium digitatum Sacc. are the most important diseases affecting lime fruits. 

Some component of volatile oils i.e. limonene, linalool, citral and nerol were extracted 
from orange peel, coriander seed, lemon grass and petitgrain (Bitter orange) 
respectively, and were tested for their effect on linear growth of P. italicum and P. 
digitatum. Nerol and citral at 0.4% showed 100% reduction of linear growth. Sodium 

carbonate (SC) and sodium bicarbonate (SBC) showed complete inhibition on linear 
growth of the tested fungi at the concentration 2.0%.  
Effects of citral and SC or SBC singly or in combination for controlling blue and green 
molds of lime fruits were studied. The most effective treatments were the combined 
treatments between citral at 0.5% and SC or SBC at 2.0% which completely inhibited 
disease severity for blue and green molds of lime fruits under artificial infection and 

during storage for three weeks at 13± 1C. However under natural infection, the 
combined treatments with citral at 0.5% and SC or SBC at 2% completely inhibited 
percentages of infection during storage for three weeks. All treatments decreased the 
loss of fresh weight of lime fruit and vitamin C content but total soluble solids 
increased. 
Keywords: Blue mold, green mold, lime fruits, some component of volatile oils, 

sodium carbonate and bicarbonate,  
 

INTRODUCTION 
 

Green and blue molds, caused by Penicillium digitatum Sacc. and P. 
italicum Wehmer are the most damaging postharvest diseases of citrus fruits. 
Postharvest decay of lime fruits caused by P. digitatum and P. italicum are 
important postharvest storage problems (Smilanick and Arruf, 1992). Volatile 
oils of citrus or their constituents are shown to have a fungicidal activity 
against postharvest pathogens of citrus (Caccioni et al., 1998). Also he noted 
that a positive correlation between monoterpenes other than limonene and 
sesquiterpene content of the oils and the pathogenic fungi inhibition. Volatile 
oils or their constituents of citrus fruit show complete inhibition of P. digitatum, 
P. italicum, (Caccioni et al., 1998). The main constituents of volatile oils are 
mono-and sesquiterpenes and some of these compounds have shown 
antibacterial, antifungal and antioxidant activities (Lee and Ahn, 1998). Sweet 
orange (Citrus sinensis L. Rutaceae), contains volatile oil extracted from fruit 
peels which is characterized by high limonene content, the fruits (seeds) of 
coriander (Coriandrum sativum,L. Apiaceae) contain volatile oil highly 
constituted with linalool as a main component. Lemongrass (Cymbopogon 
citratus (DC.) Stapf., Poaceae) contains mainly citral as a main component of 
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volatile oil extracted from leaves (Schaneberg and Khan, 2002) and 1 to 2% 
essential oil on a dry basis (Carlson et al., 2001). Bitter orange (petitgrain) oil 
(Citrus aurantium var. amara, Rutaceae) contains nerol. It showed great 
inhibitory effect on the linear growth of Alternaria solani (Abd- El-kareem, 
2007). Droby et al., (2008) found that citral, exhibited a stimulatory effect to P. 

digitatum at 0.005 and 0.01l/plate and completely inhibited both germination 
and germ tube growth above those concentrations while, in P. italicum, 

germination and growth were stimulated at concentrations up to 0.1l/plate 
but were inhibitory at the higher concentrations. Compared to citral, linalool, 
significantly stimulated germination of P. digitatum and P. italicum at higher 

amounts (up to 2l/plate). Also he found that limonine, myrcene, α pinene 
and  β. pinene were stimulatory to P. digitatum and P. italicum but inhibitory 
to or had no effect on P. expansum and Botrytis cinerea. 
Treatments with sodium carbonate and sodium bicarbonate provided 
satisfactory control of green mold of lemons (Smilanick et al., 1997) and blue 
mold of orange (Palou et al., 2001). Sodium carbonate reduced the incidence 
of citrus green and blue mold (Palou et al., 2001 and Palou et al., 2009). 
Latifa et al. (2011) showed that among 28 tested compounds, sodium 
carbonate, ammonium carbonate, copper sulfate, EDTA and sodium 
metabisulfate have completely inhibited the mycelial growth and sporulation 
of P. italicum at only 0.02M. 
The present study was performed to evaluate the effect of some components 
of volatile oils (nerol, citral, linalool and limonene) and sodium carbonate or 
sodium bicarbonate on linear growth of P. digitatum and P. italicum in vivo 
and studying in vitro control blue and green molds of lime fruits. 

 

MATERIALS AND METHODS 
 
Isolates of both Penicillium digitatum and P. italicum were isolated 

from infected lime fruits shown green and blue molds collected from the local 
market of Sharkia Governorate. For isolation, samples were introduced and 
carefully washed with running tap water, dried between filter papers and 
surface sterilized with 1% sodium hypochlorite for 2 min., then the samples 
were washed thoroughly with sterilized distilled water for several times and 
dried between sterilized filter paper. Sterilized samples were cut into small 
pieces and separately transferred to sterilized Petri-dishes containing potato 

dextrose agar (PDA) media and incubated for 7 days at 27C. Isolates was 
identified according to Raper and Thom (1968).   
 

Extraction and isolation of volatile oils and its components: 
Four volatile oils which containing the components used in this study 

i.e. limonene, linalool, citral and nerol were extracted from orange peel, 
coriander fruits, lemon grass and petitgrain (Bitter orange) respectively using 
water distillation as described in the British Pharmacopoeia (1963). The 
Extraction and isolation of volatile oils and its components were carried out at 
Medicinal and Aromatic Plants Research Department Laboratory, Horticulture 
Research Institute, Agriculture Research Center, Giza, Egypt. The volatile 
oils obtained from each sample were analyzed using Ds Chorm 6200 gas 
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chromatography equipped with a flame ionization detector for separation of 
volatile oil constituents. The analysis conditions were as follows: 
-The chromatograph apparatus was fitted with capillary column BPX-5, 5% 

phenyl (equiv.) polysillphenylene-siloxane 30 m x 0.25 mm ID x 0.25 m 
film. 

-Temperature program ramp increase with a rate of 10C/ min from 70 to 

200C. Flow rates of gases was nitrogen at 1 ml/min, hydrogen at 30 ml/min 

and 330 ml/min for air. Detector and injector temperatures were 300C and 

250C, respectively. The obtained chromatogram and report of GC analysis 
for each sample were analyzed to calculate the percentage of main 
components of volatile oil. Gas chromatography analysis for orange peel, 
coriander fruits (seeds), lemon grass and petitgrain volatile oils indicating 
that the content of limonene, linalool, citral and nerol were 91.75%, 71.20%, 
86.32 % and 4.09% respectively  as shown in Figs. from 1to 4. 

 

  

Fig. (1): Gas chromatography 
analysis for orange peel volatile 
oil indicating to limonene 
content (91.75%) 

Fig. (2): Gas chromatography 
analysis for coriander fruits 
volatile oil indicating to linalool 
content (71.20%) 

  

Fig. (3): Gas chromatography 
analysis for lemongrass volatile 
oil indicating to citral (citral 
b+citral a) content(86.32 %) 

Fig. (4): Gas chromatography 
analysis for petitgrain volatile oil 
indicating to nerol content 
(4.09%) 
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Isolation of volatile oils component: 
Limonene isolation: 

Limonene isolated from orange peel volatile oil into a low density 
water immiscible solvent (ether). The lower layer is the remaining aqueous 
distillate evaporation of the solvent to finalize the extraction; the ether layer 

(boiling .point, 37C) was evaporated on a water bath to leave the limonene 

(boiling .point, 176C). Distillate limonene (150 mg) obtained from 15 g of 
orange peel skin.  
Linalool isolation:  

Linalool is the major component of the essential oil of coriander fruits, 
according to Kamel et al. (2007) linalool can be isolated directly from the 
essential oil with 2-methyl-butane (v/v) and dried over anhydrous sodium 
sulphate. The organic layer was then concentrated, at 30°C using a Vigreux 
column resulting linalool. 
Citral isolation  

Citral isolated from lemon grass volatile oil by transferring 3 ml of 
lemon grass oil, 75 ml of water to a 250-ml round-bottom flask. Place a 
boiling chip into the flask. Connect the flask to a simple distillation apparatus.  
Heat the mixture to boiling, carefully at first to avoid excessive foaming, which 
could spill over into the condenser and into the graduated cylinder, using 
graduated cylinder to collect the distillate. Isolate the citral obtained from 
mixture of water and citral by extracting it with diethyl ether; evaporate the 
ether layer to get citral. 
Nerol isolation  

The oil of petitgrain contains primary alcohols and terpene which 
saponified with the alcoholic potassium a phthalic anhydride. The primary 
alcohols transformed into acid phthalates or other acid esters of dibasic 
acids. After purification and saponification with alkali, a geraniol-nerol mixture 
containing 40% nerol and 60% geraniol is obtained. geraniol content is 
removed by treatment with calcium chloride to geraniol-nerol mixture, in the 
form of crystalline geraniol compound with calcium chloride, the crystals are 
removed by filtration . Now, crude nerol as obtained is rectified by dry 
distillation in vaccuum or steam distillation. The yield of pure nerol will be 
about 2 to 3% weight of the petitgrain oil, (NIIR BOARD, 2003). 
A- In vitro: 
Effect of component of volatile oils and sodium carbonate or bicarbonate 
on linear growth of rot fungi of lime fruits: 

Antifungal activity of four components of citrus essential oils i.e., 
Citral, limonene, linalool and nerol  and sodium carbonate (SC) or 
bicarbonate (SBC) were studied by determining their inhibitory effect on 
growth of Penicillium digitatum and P. italicum. Five concentrations i.e 0.1, 
0.2, 0.3, 0.4 and 0.5% were tested for each component, Then each 

concentration was added aseptically to sterile molten PDA medium (45C) 
containing  Tween 80 (0.5% v/v). The resulting media were immediately 
dispensed into sterilized Petri Plates (9 cm). In controls, water and Tween 80 
instead of volatile oils.   

http://www.amazon.com/s/ref=ntt_athr_dp_sr_1/180-1995379-3220860/180-1995379-3220860?_encoding=UTF8&sort=relevancerank&search-alias=books&ie=UTF8&field-author=NIIR%20BOARD
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Sodium carbonate and sodium bicarbonate at five concentrations 0.5, 
1.0, 2.0 and 3.0%were used. Stock medium of PDA containing the tested 
concentration was poured into three Petri-Plates after solidification. Three 
Petri-Plates containing PDA medium without salts were used as control. 
Discs 3- mm diameter obtained from 7 day- old of each fungus was 
aseptically transferred to the center of Petri Plates containing volatile oils, 

salts and plates served as control. All Petri-Plates were incubated at 25C ± 

2C. The average diameter in mm of each fungus and treated was measured 
when the fungal growth has covered the check treatment plates. 
B- In vivo: 

Fresh lime fruits cv. Baladi apparently free from physical damage and 
diseases were washed, disinfected in 0.5% (v/v) sodium hypochlorite, rinsed 
three times in sterile distilled water and then air dried. The effect of dipping 
lime fruits in citral oil, sodium carbonate and sodium bicarbonate was studied. 
This was studied in the naturally infected (uninoculated), fruits, as well as in 
artificially inoculated fruits with Penicillium digitatum and P. italicum. lime 
fruits were wounded with a sterilized needle and inoculation was carried out 
using a needle, immersed in the spore suspension (106 spores/ ml) of each 
P. and P. italicum. Wounded fruits inoculated with sterilized water were 
applied as control. After 24 hours, the inoculated fruits were dipped in sodium 
carbonate or bicarbonate at 2.0% as a single. Such treatment was also 
applied as combined with citral as follows: 
 

Treatment 

               Single           Combined 

NaCO3   (SC) 2.0% Citral 0.3% + SC 2.0% 

   Citral 0.5% + SC 2.0% 

NaHCO3 (SBC) 2.0%  Citral 0.3% + SBC 2.0% 

  Citral 0.5% + SBC 2.0% 

Citral    0.3%  

                0.5%  

Control (untreated Fruits)   
 

 
Control (untreated) was dipped in sterile distilled water. Fruits were dried 

at room temperature 20 ± 2C. All treated or untreated (control fruits) were 

placed in a plastic tray in cardboard boxes and stored at 13± 1C for three 
weeks. 
Nerol did not used because it caused bad effect on lime fruits.  
Disease assessment: 

Percentage of rots disease severity was assessed 1, 2, 3 weeks. 
Disease severity (D.S) was calculated using the scale from 0 – 4 (0 = healthy, 
1= 1-25% infections, 2 = 26 – 50% infection, 3 = 51 – 75% infections and 4 = 
76 – 100% infection and formula adopted by Hanounik (1986) as follows: 

Disease severity (%) = 
MSCxNTC

CR)x(NCC
 x 100 

Where: NCC = No. of lime fruits in each class rate. 
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NTC = No. of total lime fruits examined  
CR =   Class rate  
MSC = Maximum disease severity class rate (4). 

Infection percentage % = 
fruit stored of number Initial

fruits decayed of Number
 x 100 

Efficacy (E) of each treatment was calculated as follows: 

E =  
control D.S

treated D.S-control D.S
  x100   

 

Loss in weight: 
Loss in lime fruit fresh weight % was estimated in uninoculated lime 

(under natural infection) fruits of various treatments according to the following 
equation: 

Fruit weight loss % = 100x
wi

 ws- wi
  

Wi = fruit weight at initial period. 
Ws = fruit weight at sampling period. 

Total soluble solids (TSS): 
The percentage of total soluble solids (TSS) was determined by a 

hand refractometer 
Vitamin C (ascorbic acid): 

Extracts from lime fruits were obtained by blending tissues in a 
blender for 5 minutes containing oxalic acid 6% equivalent to the tissues 
(v/w). The tissues were strained through several layers of cheesecloth. The 
liquid fraction was then centrifuged for 5 min at 3000 rpm at room 
temperature and the filtrate was used to determine ascorbic acid. Twenty ml 
of filtrate was brought to volume 100 ml of oxalic acid 3% and titrated with 
stain (2, 6- dichlorophenol endophenol) until pink color. Amount of ascorbic 
acid was calculated according to the following formula, (Jemey and Kovacs, 
1968). 

Ascorbic acid with milligrams = 
gram  withsample of Weight

D x CV x 
 x 100 

Where:  V = volume of stain       
C = concentration of stain     
D = dilution of sample. 

Statistical analysis: 
The data were statistically analyzed using MSTAT-C computer 

program v.2. 10 (1988). 

 
RESULTS 

 
Four volatile oils which containing the components used in this study 

i.e. limonene, linalool, citral and nerol were extracted from orange peel, 
coriander fruits, lemon grass and petitgrain (Bitter orange) respectively.  
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A- In vitro: 
Data in Table (1) indicate that all the tested components of citrus 

essential oil (Citral, limonine, lionalool and nerol), sodium carbonate (SC) and 
sodium bicarbonate (SBC) at different concentrations have significantly 
reduced linear growth of Penicillium digitatum. The reduction in growth was 
correlated to the increase in component of volatile oil, SC and SBC 
concentrations. All tested components of volatile oil caused 100% inhibition 
on linear growth of P. digitatum at 0.4% except limonene who caused 94.4 % 
reduction of linear growth. Nerol and citral at 0.3% gave the highest effect on 
reducing the growth of P. digitatum, but limonene gave the least effect at the 
same concentrations. Also, the used SC or SBC have completely inhibited 
growth of P. digitatum at 2.0 % and at 0.5% gave least effect on growth of tested 
fungus. 
 

Table 1: Effect of some components of volatile oil, sodium carbonate (SC) 
and sodium bicarbonate (SBC) on the linear growth of Pencillium 
digitatum 

Treatments 

Linear growth (mm)  

Concentration (%) 

0.1 R% 0.2 R% 0.3 R% 0.4 R% 0.5 R% 

Citral 25.5d 71.6 10.5f 88.3 7.0e 92.2 0.0c 100.0 0.0b 100.0 

Limonene 45.6b 49.3 27.3b 69.7 10.0c 88.9 5.0b 94.4 0.0b 100.0 

Linalool 46.0b 48.9 15.0d 83.3 8.3d 90.6 0.0c 100.0 0.0b 100.0 

Nerol 18.3e 79.7 8.6g 90.4 5.0f 94.4 0.0c 100.0 0.0b 100.0 

 0.5  1.0  1.5  2.0  3.0  

SC 30.0c 66.7 13.5e 85.0 9.3c 89.7 0.0c 100.0 0.0b 100.0 

SBC 45.0b 50.0 20.9c 76.8 12.1b 86.6 0.0c 100.0 0.0b 100.0 

Control 90.0a  90.0a  90.0a  90.0a  90.0a  
R= Reduction  
Values having the same letters in the same column are not significantly different at P<0.05 
 
 

Data in Table (2) show that all the tested components of volatile oils, 
SC and SBC significantly reduced the linear growth of P. italicum. The 
inhibitory effect on growth was increased by increasing the concentrations. 
Complete inhibition of linear growth of P. italicum was obtained with nerol and 
citral at 0.4 % which reduced growth by 100%, while the least reduction was 
obtained with limonine. All concentrations of SC or SBC reduced growth of P. 
italicum compared with control. The SC and SBC completely inhibited the 
linear growth at 2.0 % causing 100% reduction. 
B- In vivo: 
Effect of single or combined applications of sodium carbonate (SC) or 
sodium bicarbonate (SBC) and citral on green mold severity of lime fruits  

Sodium carbonate (SC) or sodium bicarbonate (SBC) at 2.0% alone 
or in combination with citral at 0.3% or 0.5% were tested under storage 
conditions to study their effect on green mould severity  of lime fruits.  Data in 
Table 3 indicate that all treatments have completely inhibited disease severity 

for one week of storage at 13 ± 1C. 
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Table 2: Effect of some components of volatile oil, sodium carbonate 
(SC) and sodium bicarbonate (SBC) on linear growth of 
Pencillium italicum 

Treatments 
Linear growth (mm)  
Concentration (%) 

0.1 R% 0.2 R% 0.3 R% 0.4 R% 0.5 R% 
Citral 35.0e 61.1 17.5e 80.6 6.5d 92.8 0.0d 100.0 0.0 100.0 
Limonine 51.5b 42.8 27.5 69.4 15.3b 83.0 6.7b 92.6 0.0 100.0 
Linalool 43.5e 51.7 23.5c 73.9 12.0c 86.7 4.8c 94.7 0.0 100.0 
Nerol 25.5f 71.7 13.5g 85.0 5.3e 94.1 0.0d 100.0 0.0 100.0 
          0.5  1.0  1.5  2.0  3.0  
SC 40.0d 55.6 15.7f 82.6 4.5 95.0 0.0d 100.0 0.0 100.0 
SBC 42.3c 53.0 20.7d 77.0 5.6e 93.8 0.0d 100.0 0.0 100.0 

Control 90.0a  90.0a  90.0a  90.0a  90.0a  
R= Reduction     
Values having the same letters in the same column are not significantly different at 
P<0.05 
 

Data in Table 3 also indicated that combined treatment between citral 
and SC or SBC have significantly reduced the lime rot severity. The most 
effective treatments were combined treatment between citral at 0.5% and SC 
or SBC at 2% which completely inhibited the disease severity after two  or 
three weeks storage, while single treatments of each concentration of SC or 
SBC  at 2% and citral at 0.5% reduced disease severity  more than 75.1%  and 
82.1% after two or three weeks, respectively. Generally all treatments 
decreased disease severity during storage up to three weeks compared to 
control. High efficacy was obtained with citral at 0.5% combined with SC or 

SBC at 2% during storage at 13 ± 1 C for three weeks. 
 

Table 3: Effect of sodium carbonate (SC) or sodium bicarbonate (SBC) 
applied as single or in combination with citral on green mold 

severity of lime fruits during storage at 13 ± 1C for 3 weeks  
         Storage period 

                      (weeks )    
  

Treatments 

Disease severity (%)  
Green mold  

1 2 3 

D.S E D.S E D.S E 
Single treatment       

Citral 0.3% 0.0b 100.0 8.9b 75.1 12.7b 83.2 
Citral 0.5% 0.0b 100.0 4.9e 86.2 7.7d 89.8 

SC 2% 0.0b 100.0 7.7c 78.4 10.9c 85.6 
SBC 2% 0.0b 100.0 8.3bc 76.8 13.5b 82.1 

Combined Treatments       
Citral 0.3% + SC 2% 0.0b 100.0 6.2d 82.6 9.5c 87.4 

Citral 0.5% + SC 2% 0.0b 100.0 0.0g 100.0 0.0f 100.0 
Citral 0.3% + SBC 2% 0.0b 100.0 3.6f 89.9 5.8e 92.3 

Citral 0.5% + SBC 2% 0.0b 100.0 0.0g 100.0 0.0f 100.0 
Control 15.5a  35.7a  75.6a  

Values having the same letters in the same column are not significantly different at 
P<0.05  
D.S = Disease severity                   E= Efficacy  
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Effect of single or combined application of sodium carbonate (SC) or 
sodium bicarbonate (SBC) and citral on blue mold severity of lime fruits: 

Data in Table 4 indicated that the most effective treatments were 
citral at 0.5% combined with SC or SBC at 2%.  On the other hand all 
treatments have completely inhibited disease severity of blue mold after one 
week, while after two or three weeks, it was completely inhibited with the 
combined treatment citral at 0.5% with SC or SBC at 2% and efficacy 

reached 100% during the cold storage at 13 ± 1C. The combined treatment 
has significantly reduced the disease severity after two weeks.  
 
Table 4: Effect of sodium carbonate (SC) or sodium bicarbonate (SBC) 

applied as single or in combination with citral on blue mold 

severity of lime fruits during storage at 13 ± 1 C for 3 weeks  
           Storage period  

 (weeks)    
 
Treatments 

Disease severity (%)  
Blue mold                    

1 2 3 

D.S E D.S E D.S E 

Single treatment       

Citral 0.3% 0.0b 100.0 7.1c 83.6 10.9d 85.9 

Citral 0.5% 0.0b 100.0 5.3d 87.7 8.9e 88.6 

SC 2% 0.0b 100.0 8.9b 79.4 12.9c 83.4 

SBC 2% 0.0b 100.0 9.2b 78.7 15.1b 80.6 

Combined Treatments       

Citral 0.3% + SC 2% 0.0b 100.0 4.6e 89.4 7.7e 90.1 

Citral 0.5% + SC 2% 0.0b 100.0 0.0d 100.0 0.0g 100.0 

Citral 0.3% + SBC 2% 0.0b 100.0 2.8f 93.5 6.2f 92.0 

Citral 0.5% + SBC 2% 0.0b 100.0 0.0d 100.0 0.0g 100.0 

Control 20.2a  43.2a  77.8a  
 D.S=Disease severity                        E= Efficacy  
Values having the same letters in the same column are not significantly different at 
P<0.05 

 
Effect of single or combined application of sodium carbonate (SC) or 
sodium bicarbonate (SBC) and citral on percentage of infection of lime 
fruits   under natural infection 

Data in Table (5) showed the effect of citral oil and SC or SBC with 
single or combined treatment on the percentage of infection under natural 
infection of lime fruits. All treatments have completely inhibited infection of 

lime fruits for one week of storage at 13 ± 1C. High efficacy 100% was 
obtained from the single and the combined treatments at same storage 
period. The combined treatment significantly reduced disease severity after 
two or three weeks. The treatment combined with citral at 0.5% with SC and 
SBC at 2% completely inhibited infection percentage after three weeks of 
storage. 
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Table 5: Effect of citral and sodium carbonate (SC) or sodium 
bicarbonate (SBC) applied as single or in combination on 
percentage of infection (Inf.%) of lime fruits during 3 weeks1 3 ± 

1C under natural infection 
           Storage period  
                       (weeks ) 

 
Treatments 

Infection (inf.%) 

1 2 3 

Inf.% E Inf.% E Inf.% E 

Single treatment       

Citral 0.3% 0.0b 100.0 0.0b 100.0 5.3c 85.2 

Citral 0.5% 0.0b 100.0 0.0b 100.0 1.8d 94.9 

SC 2% 0.0b 100.0 0.0b 100.0 6.4b 82.1 

SBC 2% 0.0b 100.0 0.0b 100.0 5.8bc 83.8 

Combined treatments       

Citral 0.3% + SC 2% 0.0b 100.0 0.0b 100.0 1.8d 94.9 

Citral 0.5% + SC 2% 0.0b 100.0 0.0b 100.0 0.0e 100.0 

Citral 0.3% + SBC 2% 0.0b 100.0 0.0b 100.0 2.2d 93.8 

Citral 0.5% + SBC 2% 0.0b 100.0 0.0b 100.0 0.0e 100.0 

Control 7.5a  16.7a     35.7a  
E= Efficacy 
Values having the same letters in the same column are not significantly different at 
P<0.05 
 

Effect of sodium carbonate or sodium bicarbonate applied as single or in 
combination with citral on some lime fruits quality under natural   infection  

All treatments lowered the loss in weight in fresh weight of lime fruits 
compared to control after three weeks of storage as shown in (Table 6). 
Combined treatments showed the lowest loss in lime fresh weight when 
compared with single treatment. The loss in weight reached the maximum after 
three weeks when SCB were used. TSS increased in all treatments compared to 
control as shown in (Table 6). Ascorbic acid (Vitamin C) was decreased in all 
treatments compared to the control in naturally infected lime fruits.  
 

Table 6: Effect of citral and sodium carbonate (S.C) or sodium 
bicarbonate (SBC) on loss of lime fruits weight, total soluble 

solids (TSS) and vitamin C (VC) after 3 weeks storage at 13 ± 1C 
under natural infection 

 

Treatments Loss in weight % TSS (%) Vitamin C 

Single treatment    

Citral 0.3% 3.0 8.5 45.0 

Citral 0.5% 2.5 8.5 45.0 

SC    2% 3.7 9.0 44.0 

SBC   2% 4.0 9.0 43.0 

Combined Treatment    

Citral 0.3% + SC 2% 2.7 9.2 45.0 

Citral 0.5% + SC 2% 2.2 9.2 44.0 

Citral 0.3% + SBC 2% 2.5 8.8 45.0 

Citral 0.5% + SBC 2% 2.0 8.5 45.0 

Control 6.6 7.5 46.0 
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DISCUSSION 
 

Postharvest green and blue molds caused by Penicillium digitatum 
and P.italicum are important postharvest storage problems of lime fruits 
(Smilanick and Arruf, 1992). Component of volatile oil i.e limonene, linalool, 
citral and nerol were extracted from orange peel, coriander fruits, lemon 
grass and petitgrain (Bitter orange) respectively, and used in this study.  In 
vitro nerol and citral caused complete inhibition on linear growth of tested 
fungi at 0.4 and 0.5%. Linalool gave the lowest effect on linear growth of the 
two fungi. The differences between component of each other and the 
antimicrobial characteristics seemed to be correlated with their structure, 
solubility and capacity to penetrate cell wall and to interfere with the 
enzymatic reaction of the cytoplasmic membrane (Knobloch et al., 1989).   
Sodium carbonate has completely inhibited the mycelial growth at 
concentrations 2.0% and 3.0%. These results are similar to those reported by 
Wassana (2004) who found that Sodium bicarbonate at 1% appear to inhibit 
growth of P. digitatum and their concentration at 2% and above could 
completely inhibit spore germination. Inhibition of microorganisms by salts 
might be caused by reducing of the cell turgor pressure with collapse and 
shrinkage of hypha and spore (Fallik et al., 1997) or by alteration of cell 
transport function and inhibition of enzymes involved in the glycol improved 
lytic pathway (Sofos et al., 1986). 

Citral, sodium carbonate (SC) and sodium bicarbonate (SBC) were 
used in the present study against green and blue molds in vivo. Citral oil, SC 
and SBC were effective in controlling green and blue molds. The 
effectiveness is quiet good when applied as single, but improved when used 
in combination. Citral at 0.5% inhibited percentage disease severity of lime 
fruits under artificial infection condition with P. digitatum and P. italicum and 
percentage of infection under natural infection condition. Using citral for 
controlling postharvest disease of oranges as reported by Abd-El-kareem and 
Abd-Alla (2002). The mechanism of citral in reducing postharvest disease 
appears to be related to fungistatic property (Rodove et al., 1985). Treatment 
of lime fruits with SC and SBC when applied as single treatment reduced 
fungal infection and delayed disease development under artificial infection 
during storage up to three weeks. Effective control of green and blue molds of 
lime fruits by combined treatment between citral at 0.5% and SC or SBC at 
2.0%. High efficacy 100% was obtained at the same treatment. The inhibitory 
effect of SC or SBC depends on the presence of salt residues within the 
wound infection courts occupied by the fungus and on interactions between 
this residue and constituents of the rind. These interactions presumably alter 
the original in vitro toxicity of the salts to spores.  All treatments lowered the 
loss in fresh weight of lime fruits during storage in naturally infected fruits 
compared to control. Total soluble solids and vitamin C decreased at all 
treatment compared to control. Sami et al. (2007) reported that the loss was 
decreased in fresh weight of lime fruit and increased in TSS under natural 

infection during storage at 13 C for four weeks.    
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علأأأ   بعأأأك نات أأزي ت ا أأأتي ت ر أأز   تا بت أأأزي ات ب ا بت أأزي ت  أأأت  ت  تأأير  
 ت ل نتن ار زء ت تخا ن  نز نقزتنة ت عفن تلأا ق تتلأخض   ر

 **احن  عب  ت عا ا  ت  ت  * ت اشز  ة عب  ت لر ف عب  ت عا
  ات ج  –ن اا ت بحتث ت ا تع ة  –نعه  بحتث ان تك ت  بزتزي *

  ات ج  –ن اا ت بحتث ت ا تع ة  –بحتث ت بسزت ن  نعه **
 

بعممم وناتمملز وت امماز وت امملال  ارمم  وتسمماتاو  اوتياومماتا  اوتياتمملتا   سممتص  إتمم  
عيم  وتتماوت  اتم  إصتبملار  عيم  وتتوما  تتملات اوتتااا  و  وتباتقل  اوتن بمال اشيايما وتياوما  او

 تيذو  اسببل  وتعف  ولأ اق اولأصضا تثولا وتياوا . وتواسيااو  تيف اا  بتسياا  إاتلتن  اداجاتلت  و
وتتومما وتواسمميااو   تثبمما إتمم   امملأد % 4.0وتتامماا  اوتسمماتاو  عتممد أاضممشز وتداوسمما أ  
ا  تثبأدز إت  وت %2اناباتلز أا باناباتلز وتصاداا  عتد  %044تيف اا  تشز وتداوسا بتسبا 

 وتنلو  تتوا وتف اا . 
 عيمم تي مما صوداوسمما تمم ثاا وتسمماتاو  اناباتمملز أا باناباتمملز وتصمماداا  بصمماال  ادامما أا  زتومم

وقلاوا وتعف  ولأ اق اولأصضا تثولا وتياوا  اأاضشز وتتتلئ  أ  تنلو  وتوعملو ز بما  وتسماتاو  
صمملبا لإوتنلومم   ثبمما أداو إتمم  وتت %2اناباتمملز وا باناباتمملز وتصمماداا  بتانامم   %4.0بتانامم  
وتياومما  تشممز  ممااو وتعممداي وتصممتلعاا بمملتف اا  بتسمماياا  إاتمملتن  اداجاتمملت  اأدز تفمم   ثومملا

  0 01 وتوعلو ز إت  وتع ولإصملبا تولومل تشمز  مااو وتعمداب وت باعاما عتمد تص اتدمل عتمد داجما
 تودل ث ث أسلباع. 

وشتاورل ا ا ق  وتا   وت ل ج تثولا وتياو ا قدابتقداا وتجادل تيثولا أثتلء وتتص ا  اجد أت
 .وتواود وتصيبا وتنياا تسبا باتول  ودز C اتلوا  و  

تنلومم  وتوعممملو ز بممما  وتسممماتاو  اناباتممملز أا باناباتممملز  وسمممتصدو اتيمماا وتتتممملئ  وتممم  إونلتاممما 
  .وتصاداا  توقلاوا أواوم ول بعد وتشصلد تثولا وتياوا 

 

 قز  بتحا   ت بحث

 

 جزنعة ت ن  ت   –تعة ال ة ت ا  نحن  ت ششتزتى عب   بها.  / 
 ب هز جزنعة – ال ة ت ا تعة  تتل عب  ت ن ع  حسنا.  / 


