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ABSTRACT 

     Ginger essential oil (Zingiber officinale) treated by gamma radiation at dose of  
10 kGy was selected as an active ingredient for formulation of the biocide. Liquid 
formulations (emulsifiable concentrates) were prepared using different emulsifiers 
(Emulgator B.L.M. and tween 80 or tween 20) and additive oil (soybean oil). 
Physico-chemical properties of the formulated oil (spontaneous emulsification, 
emulsion stability; cold stability and heat stability, viscosity, surface tension and 
pH) were measured. The formulated oil was tested in vivo to investigate its 
efficiency for controlling the growth of Alternaria alternata inoculated into tomato 
fruits. The results indicated that soaking inoculated tomato fruits in the formulated 
oil (ginger essential oil + soybean oil + emulgator B.L.M. + tween80) treatment at 
concentration of 300 ppm for a period of 12 minute was the most effective for 
controlling the growth of the tested fungus. In addition, the formulated oil had 
efficiency for controlling the rot development on tomato fruits when applied as 
therapeutic and protective agents.  
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INTRODUCTION 
     Tomato (Lycopersicon esculentum) is an abundant crop all over the world. Tomato is 
susceptible to postharvest diseases caused by various pathogenic fungi. Alternaria alternata (the 
casual agent of black rot disease) is a saprophytic pathogen of tomato causing post harvest losses 
at high frequency (1). Symptoms vary from small, superficial brown flecks on green fruit to large, 
sunken, black lesions on red fruit. In humid weather the fungus produces a black, velvety layer to 
spores on the surface of the sunken lesions (2). 
      Chemical control remains the main measure to reduce the incidence of postharvest diseases in 
various fruits and vegetables. However, due to the development of new physiological races of 
pathogens, many of these synthetic chemicals are gradually becoming ineffective (3). Further, the 
use of synthetic chemicals to control postharvest deterioration of food commodities is restricted, 
due to their possible carcinogenicity, teratogenicity, high and acute toxicity, long degradation 
periods, environmental pollution and side effects on human beings (4). Also, many of the used 
pesticides are not particularly specific for the target organism and in turn it can cause unwanted 
effects to non-target ones.  
     Due to the adverse effects of synthetic chemicals on human health and the environment. This 
has contributed in growing interest in alternative control methods such as application of essential 
oils.  Some essential oils has been reported to inhibit the growth of phytopathogenic and 
saprophytic fungi (5,6 and 7). From these essential oils, Zingiber officinale as it recorded to have 
potential effect for controlling the human and plant pathogens (8 and 9). Gamma radiation could 
exert an effect on the chemical composition of essential oil and inturn caused changes on the 
biological activity of the essential oils (10).  Formulation of the essential oil must be introduced to 
overcome their degradation and to be used practically during handling and application as a 
biocides. In this accordance Bowers and Locke (11) stated that several commercial formulations of 
botanical extracts and essential oils were investigated as possible alternatives to soil fumigation 
for control of Fusarium spp. wilt diseases. Abd El-Galeel (12) stated that several micro-emulsion 
formulations could be prepared using peppermint oil alone or mixed with common edible oils 
(soybean, peanut or rapeseed oil). Mario et al., (13) prepared liquid formulations of Thymus 



herbabrona, Rosmarinus officinalis, Myrtus communis, Eucalyptus globules, Salvia officinalis 
and Helichrysum italicum by dispersing 0.25, 0.5 and 1.0% of oil in an aqueous mucilage 
containing 1.0% of tween 80. Helal, (14) prepared different formulations of fennel, peppermint and 
caraway oils using different emulsifiers and different fixed oils (sesame, olive, cotton and 
soybean oils) as additives.   
     Therefore, the present study carried out to prepare biocide formulations from ginger essential 
oil irradiated at dose of 10 kGy and study their efficiency for controlling the growth of Alternaria 
alternata on tomato fruits in vivo.  
 

MATERIALS AND METHODS 
1. Materials: 
  1.1. Ginger rhizomes 
            Three kilograms of dried ginger rhizomes (Zingiber officinale) samples were purchased 
from MEPACO Company in El-Sharkia Governorate, Egypt. Samples were packaged in tightly 
sealed polyethylene bags (500±2 g) and divided into four groups, coded for easy identification 
and stored at room temperature till extraction of the essential oil.   
1.2. Fixed oil: 

 Soybean oil was used in the formulation of essential oils for preparing the biocides. Soybean 
oil was obtained from Egyptian Company for Oil and Soap, Zagazig City, Sharkia, Egypt.      
1.3. Emulsifiers: 
 1.3.1. Emulgator B.L.M. This is non-ionic emulsifier and obtained from Starch and Yeast 
Company, Alexandria, Egypt. 
1.3.2. Tween 20 and Tween 80 were obtained from El-Nasr Pharmaceutical Chemical Company, 
Abou- Zabal, Egypt. 

2. Methods: 

  2.1. Essential oil extraction: 
     Ginger essential oil was extracted by steam distillation according to Guenther (15). In this 
regard, dried rhizomes were ground to a coarse powder and loaded into essential oil extractor 
apparatus for 8h. Extracted essential oil was dried by using sodium sulfate anhydrous and the 
yielded essential oil percentage was 2.3% (v/w). 
   
2.2. Irradiation Treatment: 
     For irradiation treatments, ginger essential oil samples exposed to gamma irradiation at dose 
of 10 kGy using an experimental 60Co Russian gamma chamber, (dose rate 3.1kGy/hr), in 
Cyclotron Project, Nuclear Research Center, Atomic Energy Authority, Abou Zaabal, Egypt. 
2.3. Preparation of biocide:  
     Irradiated ginger essential oil at dose of 10 kGy was prepared in the liquid formulation form 
(Emulsifiable concentrates) according to the method described by Helal (14) as following: ginger 
oil was mixed with soybean oil (1:1 v/v). The mixture was mixed with the appropriate emulsifiers 
by suitable percentage to form clear stable emulsifiable concentrate. Physico-chemical properties 
of the formulated ginger essential oil were determined. 



2.4. Physicochemical properties: 
     The physicochemical properties of the formulated biocide (spontaneous emulsification, 
emulsion, cold stability, heat stability, viscosity, surface tension and pH tests) were determined 
according to WHO specification (16). 
2.5. Isolation, purification and identification of fungal isolate: 

 Isolation and purification of the microorganism currently attack tomato fruit was 
conducted using the method described by Waller (17).  

The fungal isolate were then purified by using single spore or hyphal tip techniques.              
  The fungal isolate were identified according to the cultural and morphological characters 
and the respective symptom to the species level as Alternaria alternata according to the 
nomenclatures of Ramirez (18), Nelson et al., (19) & Pitt and Hocking (20). The pathogenicity test 
was carried out on healthy tomato fruits to investigate the ability of the isolated fungus to infect 
the inoculated fruits. 
 
2.6. Biocidal effect of the formulated oil:   
 
2.6.1. Preliminary experiment. 

A preliminary experiment was conducted to select the most effective inhibitory 
concentration of the biocide and the optimum soaking period as method described by Plotto et al. 
(6). In this respect, different concentrations of formulation (oil + emulgator B.L.M + tween 80) 
were prepared and tested as following: The tomato fruits were prepared and inoculated as 
following, healthy mature fruits were carefully washed, rinsed with sterile water, dried between 
sterilized filter paper. Surface disinfested was carried out by soaking in 2% sodium hypochlorite 
solution for 2 min. and then in 70% ethyl alcohol for 1 min., rewashed and dried as mentioned 
above. The inoculation was carried out according the method described by Palou et al. (21) and 
Polotto et al. (6) in this regard; one wound was done in the fruit by the removal of a tissue block 
3x3x3 mm, using a sharp cutter instrument. Fungal inoculation was carried out by spore 
suspension (25 µl) from 7-10 days old cultures (1 × 106 conidia/ ml, were adjusted by 
haemocytometer). The inoculated fruits were placed in polyethylene bags, placed into carton 
boxes capacity of 5 kg and kept at room temperature 20 ± 10C. Then different concentrations of 
selected formulation of essential oils was prepared as following, 100, 300, 500, 700 and 1000 
ppm in water. After 24 hours of inoculation, tubers were dipped in the prepared concentrations 
for periods of 3, 6, 9, 12 and 15 minute. Then the samples were left to dry and placed in 
polyethylene bags and put into carton boxes and kept at room temperature (20 ± 10C) for 12 days. 
Three replicates were used for each treatment. In each replicate 10 tomato fruits were used. The 
percentages of rot inhibition were calculated from the following formula:  

 
Inhibition% = Diameter of total area - Diameter of area showing symptoms   Χ 100 
                                                Diameter of total area 
 



2.6.2. Protective capacity. 
 Protective capacity of biocides against pathogens that attack tomato was investigated 

according the modified method described by Rodov et al. (22), Palou et al. (21) and Polotto et al. (6). 
In this regard, the prepared biocides at the most effective concentration and optimum soaking 
period were applied on the studied tomato fruits before inoculation with Alternaria alternata. The 
samples then were stored till the complete decay of the control samples was taking place (12 
days). Samples were took and subjected for determination of disease assessment and the 
percentage of disease inhibition was calculated as mentioned above. 

 
2.6.3. Therapeutic capacity. 

Therapeutic capacity of biocides was investigated against pathogen that attack tomato 
according the method described by Rodov et al. (22), Sharma and Yadav (23) & Varma and Dubey 
(24). In this respect, the formulated biocides at the most effective concentration and optimum 
soaking period were applied on the studied fruits after inoculation with the microorganism to 
evaluate its therapeutic action. The samples were stored till the complete decay of the control, 
which took place (12 days). Samples were subjected for determination of disease assessment and 
the percentage of disease inhibition was calculated as mentioned above. 
 
2.7. Statistical analysis: 

The MSTAT-C Software (25) was used for evaluation of variance (ANOVA) by using 
randomized complete block design (RCBD) and mean values were compared by Duncan’s 
multiple range test at P = 0.05. 

 
RESULTS & DISCUSSION 

 
1- Formulation of ginger oil: 

Ginger essential oil irradiated at dose of 10 kGy was selected from our previous work as 
it gives the best in vitro antimicrobial results against the fungus Alternaria alternata. Formulation 
was conducted using different non-ionic emulsifiers. From the results in Table (1), it could be 
concluded that successful formulations were produced using the emulsifiers of emulgator B.L.M., 
emulgator B.L.M + tween 20 or tween 80. While, other combinations of the tested emulsifiers 
(emulgator B.L.M. + calcium dodecyl benzene sulfonate or propylene glycol and propylene 
glycol + calcium dodecyl benzen sulfonate) gave negative results as it formed unstable 
emulsifiable concentrates formulations. On the other hand, the tested essential oil could be mixed 
with soybean oil for further formulations and to give acceptable practical volume, because of 
soybean produced an effective formulation (14). Generally, emulgator B.L.M. and emulgator 
B.L.M. + tween 20 or tween 80 were the most successful emulsifiers for formulating of the used 
essential oils in addition with the fixed oil as additive. The same results were obtained by Abo-
Elsoud et al. (10).  
    



 
 
 
 
 
 
 
    Table (1): Formulation of ginger oil in the form of emulsifiable concentrates 
                     (EC) after mixing with soybean oil as additive. 

Ginger oil 
+ 

Soybean oil 

Ginger oil 
alone Emulsifiers 

+ve +ve Emulgator B.L.M. 
-ve -ve Emulgator B.L.M.+ Calcium dodecyl benzen sulfonate 
-ve -ve Emulgator B.L.M.+ Proplyne glycol 
+ve +ve Emulgator B.L.M.+ Tween 20 
+ve +ve Emulgator B.L.M.+ Tween 80 
-ve +ve Propylene glycol 
-ve -ve Propylene glycol + Calcium dodecyl benzen sulfonate 
-ve +ve Propylene glycol + Tween 20 
-ve +ve Propylene glycol + Tween 80 
-ve +ve Tween 20 
-ve +ve Tween 20 + Calcium dodecyl benzen sulfonate 
-ve +ve Tween 80 
-ve +ve Tween 80 + Calcium dodecyl benzen sulfonate 

 
 + ve = Formation of stable EC formulation  
-ve = Formation of unstable EC formulation     

 
2- Physico-chemical properties of the prepared biocides: 

     Data presented in Table (2) show the physico-chemical properties of the formulated ginger essential 
oil irradiated at dose of 10 kGy. It is obvious from the results, that ginger essential oil in the single form 
did not produce any spontaneous emulsion in water. While, the formulated ginger essential oil passed 
successfully through emulsion stability tests (spontaneous emulsification, emulsion, cold and heat 
stability) and did not show any oily separation.  
     With regard to, the viscosity values, it found that oils alone have a viscosity value less than that of 
different formulations. This could be attributed to high viscosity values of emulsifiers and fixed oil used 
in these formulations. On the other hand, surface tension values of the different formulations varied 
according to the component of the formulation. The pH values of both ginger essential oil alone and of 



the formulations were acidic, however, that of formulations were lower than that of the non-formulated 
oil. The same results were obtained by Abo-El Seoud, et. al.(10). 

 
 
 
 
 
 
Table (2): Physico-chemical properties of the prepared formulations of irradiated ginger 

essential oil. 

Physico-chemical properties 
Emulsifiers Spontaneous 

emulsification 

Cold 
stability 

(0°C) 

Heat 
stability 
(50°C) 

Viscosity 
(mps) 

Surface 
Tension 

(Dyne/cm) 

pH- 
values 

Ginger essential oil - ve - - 50 30.9 4.21 

Oil +  Emulgator B.L.M. + ve + ve + ve 30 28.34 4.35 

Oil + Soybean oil + Emulgator B.L.M. + ve + ve + ve 72.5 31.68 4.86 

Oil + Soybean oil + Emulgator B.L.M. + 
Tween80 + ve + ve + ve 55 33.70 4.79 

Oil + Soybean oil + Emulgator B.L.M. + 
Tween20 + ve + ve + ve 30 29.33 4.24 

mps = millipose ( viscosity measurement unite)  
  

3. Biocidal effect of the formulated oil:   
3.1. Preliminary experiment. 

 
Data in Table (3) show the results of the preliminary experiment designed for testing the 

efficiency of different concentrations of the formulated oil (ginger essential oil + soybean oil + 
emulgator B.L.M. + tween80) to control the growth of   Alternaria alternata on tomato fruits 
soaked for periods of 3, 6, 9, 12 and 15 minutes. It could be concluded that, all the tested 
concentrations of the formulated oil resulted in a reduction in black rot development on tomato 
fruits caused by Alternaria alternata as compared with control. Also, all the tested soaking 
periods decreased the inhibition percent caused by the formulated oil. The optimum inhibition 
percent was recorded with formulated ginger essential oil (ginger essential oil + soybean oil + 
emulgator B.L.M. + tween80) at concentration of 300 ppm and soaking period of 12 minute. 
These results are in harmony with those obtained by Okigbo and Nmeka (9) who found that the 
extracts of Zinigiber officinale suppressed the growth of Fusarium oxysporum, Aspergillus niger 
and Aspergillus flavus fungi in culture and reduced rot development in yam tubers. In addition, 
Feng and Zheng (26) found that the growth of Alternaria alternata completely inhibited by the 
application of cassia essential oil at concentration ranged between 300-500 ppm and reduced the 



percentage of decayed tomatoes. While, thyme oil exhibited a lower degree of inhibition, 62.0 % 
at 500 ppm.  
 

Table (3): Effect of different concentrations and soaking periods of formulated ginger oil on 

percentage of black rot inhibition of inoculated tomato fruits. 

 

                                    Soaking periods (minute) 
Means 

15 12 9 6 3 

Formulated oil 
 concentrations 

(ppm)* 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 

32.92 36.3 35.8 33.6 30.5 28.4 100 

51.46 54.6 55.7 53.1 50.6 43.3 300 

47.74 50.3 50.5 49.7 46.5 41.7 500 

45.21 47.8 48.9 46.4 43.2 40.4 700 

45.90 45.8 49.5 49.3 45.8 39.1 1000 

 39.15 39.98 38.70 36.12 32.16 Means 

L.S.D. at 5% level: 
 Concentrations = 0.41       
 Soaking periods = 0.37 
 Interaction = 0.91 
*=  formulation of ginger essential oil + soybean oil + emulgator B.L.M. + tween80   
   
3.2. Protective and therapeutic capacities: 

The results in Table (4) illustrated the protective and therapeutic activity of the 
formulated oils on development of black rot on tomato fruits. It could be concluded that all the 
tested formulations of irradiated ginger essential oil at dose of 10 kGy reduced disease 
development on tomato fruits when applied before and after inoculation (Protective and 
therapeutic). The optimum protective capacity was achieved by F2 followed by F1 as they 
recorded decay inhibitions of 55.5 and 54.2 %, respectively. These results are in agreement with 



those obtained by Delespaul et al.(27) who showed that essential oils and their constituents have 
been used as biological agents for their therapeutic, cytotoxic and toxicity against plant 
pathogenic fungi. In addition, Plotto et al.(6) stated that emulsion of oils of thyme and oregano at 
concentrations of 5000 and 10000 ppm as dip treatments reduced disease development in tomato 
inoculated with Botrytis cinerea and Alternaria arboresens. On the other hand, the higher applied 
concentration resulted in more disease development. This could be due to a local phytotoxic 
effect of the essential oils in the wound, making the tissue softer and easier to be penetrated by 
germinating spores.   

On the other hand, all the tested formulations exerted a therapeutic activity against black 
rot development caused by Alternaria alternata inoculated on tomato fruits. The most effective 
formulation was F2 as it resulted in suppressive percent of 78.2 % for the decay development on 
tomato. In this respect, Abd-El-Aziz (28) reported that the cinnamon and camphor oils were 
effective for decreasing the decay incidence in tomato fruits artificially inoculated by Alternaria 
alternata.  

Table (4): Protective and therapeutic capacities of formulated ginger essential oil on 

black rot development of inoculated tomato fruits (values are 

percentages of rot inhibition) 

Means Therapeutic capacity Protective capacity Treatments 

0.0 0.0 0.0 0.0 

0.0 0.0 0.0 Additives control 

56.80 54.2 57.4 F1 

56.85 55.5 58.2 F2 

55.13 53.6 56.7 F3 

 32.69 34.50 Means 

  L.S.D. at 5% level: 
  Treatments = 0.73       
  Capacity = 0.46 
  Interaction = 1.03   
  Additives control = Soybean oil + Emulgator B.L.M. + Tween 80 or Tween 20.   
  F1 = Formulation of ginger oil + Soybean oil + Emulgator B.L.M. 
 F2 = Formulation of ginger oil + Soybean oil + Emulgator B.L.M. + Tween80 
 F3 = Formulation of ginger oil + Soybean oil + Emulgator B.L.M. + Tween20  



  

CONCULUSION 
     From the above mentioned results, it had been concluded that irradiated ginger essential oil at 
dose of 10 kGy could be successfully formulated in the form of stable emulsifiable concentrates. 
The formulated ginger essential oil (ginger essential oil + soybean oil + emulgator B.L.M. + 
tween80) at concentration of 300 ppm and soaking period of 12 minute was more effective for 
inhibition the growth of Alternaria alternata fungus (the causal agent black rot) on tomato fruits. 
Consequently, the produced formulated biocides can be used as fungicides against pathogenic 
Alternaria alternata fungus.   
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