
  
Antimicrobial Activity of some Egyptian Citrus Peels Extracts 

Ghada M. Kholaf 1, Emad G.Gomaa 2 and Hamid M. Ziena1

                                                          

 

1Department of Food and Dairy Science & Technology, Faculty of  
Agriculture, Damanhour University, Damanhour, 22516, Egypt 
2-Department of Food Sci. & Tech., Faculty of Agriculture, 
 El- Shatby, Alexandria University, Alexandria, Egypt. 
Received Novmber 20,2017, Accepted December 27, 2017 

ABSTRACT 
Citrus juice production generates 15 million tons of 

wastes a year in the world, including peels, seeds and fruit 
pulps. This study aimed to evaluate the antimicrobial 
activity of extracted essential oils from six Egyptian citrus 
fruit peels. This antimicrobial activity was determined by 
paper disc diffusion method against six fungal strains and 
nine bacterial strains. Maximum inhibition zones were 
resulted against Penicillium sp and Aspergillus niger CAIM 
147 with oils of lime and lemon peels which were extracted 
by hydrodistllation. In addition, the lime oil was more 
effective on fungal strains than lemon oil. The results 
showed also that oils of mandarin, sour orange and sweet 
orange peels extracted by the same method did not show 
any antifungal activity on the all tested fungi. While 
grapefruit peel extract has moderate effect on some fungal 
and bacterial growth. Also these essential oils of lime and 
lemon peels had very strong antibacterial activity on 
Bacillus subtilis DBDR 100, Clostridium botulinum ATCC 
3584, Escherichia coli CCM 5172, Klebsiella pneumonia 
ATCC 12296 and Salmonella senftenbergy ATCC 8400. 
The essential oils extracted by organic solvents from all 
citrus fruit peels used in the present work were moderate 
weak activity against tested fungi and bacteria. The 
obtained results agreed with the phenolic contents in the 
essential oils extracted from citrus fruit peels and the 
results showed that increasing of phenolic content in these 
oils increased the diameter of inhibition zones of the all 
tested fungi and bacteria. The results showed that the lime 
peel oil extracted by hydrodistillation (10µl) was more 
effective and completely inhibited the growth of A. niger 
and Penicillium sp compared with lemon peel oil.  
Different concentrations of oil lime extracted by 
hydrodistllation were more effective against bacterial 
strains activities compared to lemon oil. B. subtilis was 
more sensitive at low concentration (10µL) of lime oil 
followed by K. pneumonia and S. senftenbergy at 30µL 
under the same conditions. And E. coli and Cl. botulinum 
were more resistant with lime oil until 50 and 40µL of lime 
oil, respectively. On the other hand, 20µL of lemon peel 
extracted by hydrodistillation completely inhibited the 
growth of B. subtilis, while the minimum inhibitory 
concentration (MIC) of oil lemon peel was 30µL for K. 
pneumonia and S. senftenbergy, 40µL for E. coli and 50µL 
for Cl. botulinum. Accordingly, the essential oils of lime 
and lemon peels extracted by hdrodistllation contained 
antimicrobial compounds which can be used as 
preservatives in the food industries. 

Keywords: Citrus peel extract, antimicrobial activity, 
hydrodistillation, extraction, phenolic content. 

INTRODUCTION 

Citrus is the largest fruit worldwide, as its annual 
production is approximately 100 million tons. The main 
world producers are Mediterranean countries and USA 
(Djilas, 2009 & Ghafar et al., 2010). There are great 
varieties of citrus species (about 40 species) which can 
be classified as follows; Orange fruit types [sweet 
orange, sour orange & mandarin] and Yellow fruit 
types [lemon, lime & grapefruit] (Schotter et al., 2002 
& Karimi et al., 2012). Citrus fruits are mainly used in 
food industries for fresh juice production which 
generate approximately 15 million tons of citrus wastes 
a year worldwide. These wastes include peels, seeds and 
fruit pulps (Sanz-Puig et al., 2016) and consider as a 
source of environmental pollution. Citrus peels are the 
main by-product during processing, which represented 
in some citrus varieties about half of the fruit mass 
(Negro et al., 2016).  

The use of chemical or synthetic agents as 
antimicrobial activity is one of the oldest techniques for 
controlling microorganism's growth. The application of 
food preservatives is fundamental if their safety is to be 
maintained (Viuda-Martos et al., 2008). The synthetic 
fungicides are found to be problematic due to their 
residual nature and high toxicity to mammals (Chen et 
al., 2008). So a shift from synthetic chemicals to 
botanical antimicrobial is gaining popularity because of 
their environmental safety (Varma and Dubey, 1999). 
Citrus peel oils from different plant source can inhibit 
various pathogenic bacteria, and total phenolic 
compounds and limonoids are highly correlated with 
antibacterial activity (Gorinstein et al., 2001 & Radha et 
al., 2014).  

Roy et al. (2012) reported that citrus fruits are 
mainly used by juice proceeding industries, while the 
peels as by-products, which are rich in nutrients and 
contain many phyto-chemicals, can be efficiently used 
as drugs, food supplements. Among natural 
antimicrobials, the effect of essential oils extracted from 
many plants and fruits are discussed as antimicrobial 
additives (L?pez-Malo et al., 2000; Angioni et al., 
2003, Feng and Zheng, 2007 & Viuda-Martos et al., 
2008). 
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Essential oils of citrus peels have been searched for 

their antifungal and antimicrobial properties (Bendaha 
et al., 2016).  Literature existing on the antimicrobial 
activities of lime oil, states its potent antibacterial 
(Aibinu et al., 2007) and antifungal effects (Barrera-
Necha et al., 2009 & Razzaghi- Abyaneh et al., 2009), 
as it has several medicinal properties and potential 
health benefits which make it good natural antimicrobial 
preservatives in food products. 

Essential oils obtained from citrus peels are complex 
mixture of some compounds such as hydrocarbons, 
alcohols, esters, aldehydes and have been reported to 
exhibit inhibitory activities against wide spectrum food 
spoilage microorganisms (Uysal et al., 2011). The 
bacteriostatic and bactericidal capacities of citrus by-
products could be significantly due to their polyphenol 
content. Numerous studies showed that citrus peels 
contain many bioactive compounds which have 
antioxidant and antimicrobial properties (Ghafar et al., 
2010 & Dhanavade et al., 2011). 

Shan et al. (2007) observed that the effect of 
phenolic compounds as an antimicrobial activities can 
degrade the cell wall, disrupt the cytoplasmic 
membrane, cause leakage of cellular components, 
change fatty acid, influence DNA and RNA synthesis, 
and destroy protein translocation of bacteria (Huang and 
Chung, 2003). These phenols and phenolic compounds 
are extensively used in disease preventions and remain 
the standard when compared with other bactericides or 
fungicides (Okwu, 2003 & 2005 and Okwu & Morah, 
2007). 

The peels are an interesting source of phenolic 
compounds which include phenolic acids and 
flavonoidas, also and monoterpenes hydrocarbons, 
exhibiting antimicrobial activities in several foods ( 
Cushnise and Lamb, 2005).Therefor, a large amounts of 
citrus peels are used every year for production of 
essential oils as good source of phenolic compounds, 
pectin and limonene (Anwar, 2008), and also are used 
as flavouring agent in candies, carbonated and non-
carbonated beverages, bakery products, ice-cream cakes 
and biscuits and also as inhibitor of varies 
microorganisms (Siddique et al., 2011). On the other 
side, Jafari et al. (2011) added essential oils of lime for 
reducing microbial population of cream-filled cakes and 
pastries. 

The present study aimed to investigate the 
antimicrobial activity of essential oils extracted from six 
Egyptian citrus fruit peels against six fungal strains and 
nine bacterial strains which cause food spoilage, 
poisoning or infection.    

MATERIALS AND METHODS 

Citrus Fruit Samples

 
Six citrus fruit varieties grown in Egypt were used 

in the present study namely; Grapefruit (Citrus paradisi 
Mac Fdyen) [GF], Lemon (Citrus Limon) [LE], Lime 
(Citrus aurantifolia Swingle) [LI], Mediterranean 
mandarin (Citrus reticulata Blanco) [MM], Sour orange 
(Citrus aurantium) [SOO] and Sweet orange (Citrus 
sinensis L. Osbeck) [SWO]. These samples were 
obtained at the mature stage from a local supermarket in 
Alexandria, Egypt, from December 2015 to February 
2016.  

Preparation of Extracts: 

Citrus extractions from all the studied citrus fruits 
were obtained from two sources. Frist one was 
hydrodistillation method from the fresh surface layer 
(flavedo) of citrus fruit peels. The second source was 
extraction from the dried peels powder using three 
separately solvents: ethanol, hexane and Folch solution 
(chloroform: methanol 2:1 V/V).  

Hydrodistillation method was used for extraction of 
essential oils from fresh surface outside layer (flavedo) 
of citrus fruit peel according to Shukla et al. (2009) 
with some modifications as follow: 300 ml of distilled 
water were added to 100 g. sample and were subjected 
to hydrodistillation using distillate apparatus at 70°C for 
3 hr. After collection about 70 ml distillate, the upper 
layer containing essential oils was collected by 
micropipette. The trace water was removed using 
nitrogen gas, then stored at 4°C in sealed glass bottles 
for using in the experiment as antimicrobial and for 
determination of the phenolic content. 

Ethanol extraction was carried out according to 
Yadav et al. (2004). Dried peel powder (10 g. of 9 
mesh) from each citrus fruit variety was separately 
mixed with 30 ml. of absolute ethanol. The mixtures 
were placed in sealed glass bottles at room temperature 
for 24 hr. with continuous stirring. Also, 50 ml of Folch 
solution was used for extraction of essential oils from 
10 g. of dried peels powder according to Folch et al. 
(1957). On the other hand, the same amount of each 
sample was mixed with 50 ml. hexane in sealed glass 
bottles at room temperature and shaked for 24 hr.  

The extractions were then filtered through Whatman 
No 1 filter paper. Then, the filtrates were concentrated 
by using rotary evaporator until removing all the 
organic solvents. The concentrated essential oils of peel 
samples were stored in sealed glass bottles at 4°C until 
used in the present work

 

All obtained essential oils 
were weighted to determine the yield (%) and colours.   

Determination of total phenolic content: 
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The total phenolic content of the essential oils 

extracted from the studied citrus fruit peel samples were 
determined by Folin- Ciocalteu reagents(Singleton and 
Rossi, 1965), using spectrophotometer Optizin-UV-Vis 
spectrophotometer (model Thermo Electron 
Corporation, Korea). Gallic acid calibration standard 
with concentration of 0, 5, 10, 20, 40, 60 and 80 µg/ml 
in 50% (v/v) methanol was prepared. The results were 
expressed as percentage of gallic acid on dry weight 
basis. 

Maintenance of fungal and bacterial strains

 

Six culture strains of fungi were used in the present 
study namely; Aspergillus flavus ATCC 5517, 
Aspergillus niger CAIM 147, Aspergillus niger DSM 
731, Aspergillus oryzae NRRL 9362, Penicillium sp and 
Rhizopus sp. Potato dextrose agar (PDA) medium was 
used for maintenance of these fungal strains (Difco 
Manual, 1984). The PDA slants were inoculated with 
culture and incubated at 30°C for 72 hr., then slants 
were maintained under sterilized paraffin oil as stock 
cultures

  

Also, nine culture bacterial strains were used in the 
present work included: Bacillus subtilis DBDR 100, 
Clostridium botulinum ATCC 3584, Escherichia coli 
CCM 5172, Escherichia coli DSM 1576, Klebsiella 
pneumonia ATCC 12296, Salmonella senftenbergy 
ATCC 8400, Staphylococcus aureus NCTC 10783, 
Staphylococcus epidermdia and Staphylococcus 
pyogenes These bacteria were grown on slant plate 
count agar (PCA) recommended by Oxiod Manual 
(1982), then incubated at 37°C for 24 hr. and 
maintained at -40°C until used

 

The fungal strains were grown on PDA medium at 
30°C for 7day for complete sporulation. The spores 
suspension were obtained from slant agar with  10 ml of 
0.1% sterilized peptone water, then many dilutions were 
made for enumeration of spores suspension. The 
number of fungal spores present in the suspension was 
determined by indirect technique for cell count (De 
Moss and Bard, 1957). The number of spores from 
suspension solution was 28-33x107/ml. 

The same technique was used for enumeration of 
bacterial colonies forming unit (CFU/ml) using the PCA 
medium. The numbers of bacterial colonies in 
suspension solution were 840-880x102 CFU/ml for Cl. 
botulinum & S. senftenbergy and 768-780x102 CFU/ml 
for B. subtilis & K. pneumonia, while E. coli CCM 
5172 was 544x102 CFU/ml.   

Antimicrobial Assay (Diffusion method)

 

The antimicrobial potential of essential oils from 
citrus peels was evaluated by paper disc diffusion 
(Hussain et al., 2011 & Efstratiou et al., 2012). One ml 

of fungal strains suspension was added to Petri dishes 
containing liquefied PDA medium (45-50°C). Also one 
ml of bacterial strains suspension was inoculated in 
PCA medium. After solidify these media, filter paper 
disc (Whatman No 3, 4 diameters) containing 10 µl of 
each essential oils were put on the surface of media. 
The essential oils of citrus peels were used as a positive 
control, while paper discs with respective sterile water 
or organic solvents was taken as a negative control. The 
plates containing PDA and PCA were incubated at 28°C 
for 48 hr. and 37 °C for 24 hr., respectively. The 
diameter of inhibition zones (DIZ) around paper discs 
were recorded (mm). Duplicate studies were performed 
for each sample

 

The results of this experiment showed that the 
maximum inhibition effects were recorded for essential 
oils of LI and LE peels extracted by hydrodistillation, 
on all fungal and bacterial strains used in the present 
work. 

Determination of minimum inhibitory concentration 
(MIC): 

To achieve the best minimum inhibitory 
concentration (MIC) extracted of essential oils from LI 
and LE peels by hydrodistillation at different 
concentrations (10-60µl) were added to sterilized 
media, then 1ml of each fungal and bacterial suspension 
were inoculated in each plate and incubated as 
mentioned previously. 

The lowest concentration of LE and LI essential oils, 
which showed no fungal or bacterial growth, defined as 
MIC. Every test was performed by duplicate.  

Statistical analysis method:                                           

The data were analyzed using the Statistical 
Analysis System software package (SAS, 2000). 
Analyses of variance were performed using ANOVA 
procedures. Significant differences between mean were 
determined using Duncan s multiple range test. 

RESULTS AND DISCUSSION 

Yield and colour of essential oils:        

The essential oils, extracted by steam-
hydrodistillation from fresh peels of all studied citrus 
fruits, were colourelss (transparent colour), while the 
essential oils extracted from dried peels by organic 
solvents ranged between pale- yellow to orange colour.      

The yields obtained from these peels by 
hydrodistillation were about 10.7 to 12.6 ml/kg of dried 
peels. The amount of extracts by organic solvents 
ranged between 15.2 to 20.4%. These results are in 
agreement with Sekar, et al. (2013), who found that 
nature colours of methanol extracts from dried peels of 
lime (Citrus aurantifolia), lemon (Citrus limon), 
mandarin (Citrus reticulate) and sweet orange (Citrus 
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sinensis) were light green, light yellow, dark green and 
dark orange, respectively, and the percentage yields 
from these dried peels were 12.84, 17.26, 21.56 and 
18.38%, respectively. Fejzi and avar (2014) reported 
that the yields isolated with ethanol from peels ranged 
from 4.91 to 7.44% for orange and white grapefruit, 
respectively. Sultana et al. (2015) found that the extract 
of Citrus limon peels with aqueous methanol content 
was 9.44 g. per 100 g. dried peels. Also the obtained 
results by Bendaha et al. (2016) showed that essential 
oils isolated by hydrodistillation from peels of sour 
orange (C. aurantium) and also Soxhelt  hexane extract 
from the same dried peels, were fragrant colourless and 
the yield ranged between 1.04 to 4.50%.  

Total phenolic contents:      

The percentage of total phenolic content of the 
essential oils of citrus fruit peels extracted by 
hydrodistillatin and three organic solvents are presented 
in Table (1). The results showed that LI and LE peel 
oils which extracted by hydrodistillation gave phenolic 
content higher than the other samples (3.31 and 2.84%, 
respectively), followed by GF (2.51%). Also the 
phenolic content in isolated extract of LI by using each 
of hexane and Folch gave 2.16 and 2.05%, respectively, 
and GF ethanolic extract was 2.01%. On the other hand, 
the essential oils extracted by hydrodistillation and the 
other three organic solvents from peels of MM, SOO 
and SWO contained lower percentage of phenolic 
content compared with other oils of peel samples. The 
lowest levels of phenolic content found in SWO peel 
oils (0.67%) which extracted by hydrodistillation and 
also in isolated extracts of SOO (0.68%) and SWO 
(0.71%) by using Floch method. From these results, it 
can be concluded that the content of phenolic 
compounds is generally higher in oils of LI and LE 
peels which extracted by hydrodistillation.  

According to available literatures data about citrus 
fruit peels, there are certain differences in the results. In 
the study of Okwu et al. (2007) who extracted oils from 
citrus peel samples by Soxhlet apparatus with diethyl 
ether, they found that phenolic content of lemon C. 
limonum peel oil was the highest (0.64%) followed by 
grapefruit C. vitis (0.56%) and lime C. aurantifolia 
(0.47%). While the peel oil of mandarin C. reticulata 
was lower (0.23%) than those in other oils extracted 
from citrus fruit peels. Ghasemi et al. (2009) reported 
that the highest content of phenolics extracted by 
methanol from the orange peel was 232.5 mg GAE/g. 
While the lowest content was found in lemon peel 
(102.2 mg GAE/g). Guimar?es et al. (2010) determined 
the phonolics expressed as mg GAE /g extract of the 
essential oils isolated from fresh citrus peels by 
hydrodistillation. They found that the highest phenolic 

amount was in lime peel oil (124.63) followed by lemon 
(87.77) and orange (79.75), while grapefruit oil gave 
the lowest amount of content as phenolics, it was 55.88 
mg GAE/g extract. Fejzi and avar (2014) expressed 
the percentage of total phenolic content in extracts of 
citrus peels with ethnol. They found that their content in 
extracted peels of lemon, orange, mandarin and white 
grapefruit were 0.89, 0.61, 0.49 and 0.39%, 
respectively. Irkin et al. (2015) determined the content 
of total phenolics as mg GAE/g in some citrus peels 
which were extracted by 80% aqueous methanol. They 
found that the grapefruit, orange and mandarin peels 
were rich in phenolic compounds (13.71, 11.08 and 
9.31 mg GAE/g, respectively). While lemon peel 
contained 5.35 phenolic content expressed as mg 
GAE/g. Also Sultana et al. (2015) used the same 
method for isolation of the extract from C. limon peel. 
They found that the total phenolic content was 158.79 
mg/g dry matter. Molan et al. (2016) used four different 
solvents for extraction of total phenolic content from 
Iraqi sweet orange peels. They found that maximum 
total phenolic content was 53.1 mg GAE/g dry weight 
by using 5% HCl and this value decreased by using 
boiling water (38.4) followed by 50% ethanol (25.9), 
while using cold water the total phenolic content was 
15.1 mg GAE/g dry weight. These differences of 
phenolic content might be due to numerous factors, 
including types of extraction, kind of solvents ,climatic 
variables, growing environment, plant age and 
harvesting time as well as the origin of the sample 
(Douglas et al., 2004 & Duffy et al., 2009). 

Antimicrobial assay:      

The antimicrobial assay included two methods. The 
first was diffusion method for measurement of the 
diameter of inhibition zone (DIZ) of each fungal and 
bacterial strains used in the present study as effected by 
essential oils of the studied peels. The second method 
namely; microbial count was to achieve the minimum 
inhibitory concentration (MIC) of essential oils from 
citrus peels on growth of fungal and bacterial strains. 

Disc diffusion method: 

     Table (2) showed the antifungal activity of the 
different oil extracts of citrus fruit peels (10µl) against 
fungal strains growth. The results illustrated that the 
inhibition of each fungal strains growth by 
hydrodistillation extracts of GF, LE and LI were the 
best compared to essential oils extracted with ethanol, 
hexane and Folch method but in different levels of 
diameter of inhibition zone.  

Essential oils of MM, SOO and SWO peels obtained 
by hydrodistillation, ethanol and Folch extracts have not 
any inhibition effect on all the studied fungi. While 
hexane extract has weak effect inhibition on these fungi. 
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Same results were found, as Penicillium sp was the 
most inhibited fungi by LI peel extracted by 
hydrodistillation as it recorded 20 mm DIZ compared 
with ethanol, hexane and Folch extracts (14, 9 and 12 
mm DIZ, respectively). While Rhizopus sp has the 
lowest effect by Folch and hexane (DIZ were 4 and 5 
mm, respectively). But the GF and LE peel oils hadn't 
any effect on Rhizopus sp. 

The results in Table (2) showed that essential oil of 
LI peels extracted by hydrodistillation was also highly 
effective on growth prevention of A. niger CAIM 147 
as it recorded DIZ 18 mm followed by A. oryzae NRRL 
9362 (16 mm). Also the extracted oil of LE peels has 
the lesser effect on Penicillium sp and A. niger CAIM 
147 compared with LI peel oil (DIZ were 10 and 12 
mm, respectively). Mahmud et al. (2009) extracted the 
essential oil of sour lime peels by hydrodistillation and 
studied the effect of this oil against the growth of 
different fungal strains by disc diffusion method. They 
found that DIZ after 48 hr. of incubation period was 

16.5 mm with A. niger and 10 mm of Penicillium 
digitulum. These results are in accordance with the 
results obtained in the present study (Table). 

The results in Tables (1) and (2) indicated that 
phenolic compounds in essential oil of LI, LE and GF 
peels which extracted by hydrodistillation have the 
highest effect on fungal inhibited zone. Also these 
results showed that essential oils of LI and LE peels 
extracted by the same method had the highest 
percentage of phenolic contents compared with the 
other essential oils peels rather than those extracts 
which were more effective on fungal growth and have 
larger inhibition zones.  

     Also Table (1 and 2) showed that the essential oils of 
MM, SOO and SWO peels extracted by 
hydrodistillation, ethanol and Floch had lower amount 
of phenolic contents and did not show any inhibition 
effect on all fungal growth. 

Table 1. Phenolic content (%) of essential oils extracted from citrus fruit peels 
Phenolic content (%) 

Folch* Hexane* Ethanol* Hydrodistillation* Species of citrus fruits 

1.56 ± 0.01c 1.61 ± 0.01c 2.01 ± 0.02a 2.51 ± 0.01c Citrus paradisi (GF) 
1.75 ± 0.01b 1.66 ± 0.01b 1.76 ± 0.01c 2.84 ± 0.03b Citrus limon (LE) 
2.05 ± 0.02a 2.16 ± 0.03a 1.94 ± 0.01b 3.31 ± 0.02a Citrus aurantifolia (LI) 
0.76 ± 0.01d 1.25 ± 0.02d 0.86 ± 0.03d 0.97 ± 0.01d Citrus reticulata (MM) 
0.68 ± 0.02e 1.11 ± 0.01e0.87 ± 0.02d 0.87 ± 0.01e Citrus aurantium (SOO) 
0.71 ± 0.03e 0.91 ± 0.01f 0.86 ± 0.02d 0.67 ± 0.02f Citrus sinensis (SWO)

* Extraction methods. 
-The data are means ± standard deviation of duplicate determination on dry weight basis.  
-Values with the same superscript in each column are not significantly different at p< 0.05.

Table 2. Antifungal activity of the different extracts of citrus fruit peels (10µL) against fungal strains. 
Diameter of inhibition zone (DIZ mm)* 

Hydrodistillation** Ethanol** 

 

Fungal strains  
GF LE LI MM SOO SWO GF LE LI MM SOO SWO 

Aspergillus   flavus     ATCC 5517 9 9 15 

  

- 4 1 11 - - - 
A.  niger  CAIM  147 

 

12 18 - 

 

- 2 2 5 - - - 
A. niger  DSM 731 8 8 13 - 

 

- 3 3 8 - - 3 
A. oryzae  NRRL  9362 7 9 16 - 

 

- 6 2 8 - - - 
Penicillium   sp. 7 10 20 - 

 

- 4 4 14 - - - 
Rhizopus  sp. 

 

9 12 - 

 

- 6 3 5 - - -  
Hexane**

 

Folch**

 

Aspergillus   flavus     ATCC 5517 - 1 7 1 1 - 1 - 14 - - - 
A.  niger  CAIM  147 5 2 8 3 2 1 - 5 4 - - - 
A. niger  DSM 731 - 2 4 3 2 4 - 2 8 - - - 
A. oryzae  NRRL  9362 9 5 11 8 5 - - - 10 - - - 
Penicillium   sp. - 1 9 3 1 3 3 2 12 - - - 
Rhizopus  sp. - - 5 - - - - - 4 - - - 
 GF: Grapefruit, LE: Lemon, LI: Lime, MM: Mediterranean Mandarin, SOO: Sour Orange, and SWO: Sweet orange. 
 *Diameter of inhibition zone (DIZ) including disc paper diameter of 4mm.  
**Extraction method.                                                       Not inhibited zone  
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On the other hand, the essential oils of MM, SOO and 
SWO peels extracted by hexane contained phenolic 
compounds higher than those obtained by the other 
organic solvents (Table 1), and the results in Table (2) 
showed the effect of hexane extracts on fungal 
inhibition zones. 

Huang and Chung (2003) reported that phenolic 
compounds from plant extracts caused swelling of 
hyphal trips, plasma seeping around hyphae, leaking of 
plasma, cell well distortion and consequently wrinkling 
of hyphae surface. 

    Okwu et al. (2007) extracted oil from five citrus 
peels and found that lemon peels was the highest phenol 
content followed by grapefruit and lime. They added 
that the increment of phenolic content in these oils 
increased the inhibition growth of Fusarium oxyspoium.           

Accordingly, the essential oils extracted from LE and 
LI peels by hydrodistillation were the most effective on 
inhibition of each Penicillium sp and A. niger CAIM 
147. So, these oil extracts and two these fungal strains 
were selected to continue this study. 

Table (3) showed the effect of different essential oils 
extracted from citrus fruit peels on bacterial activity 
expressed by DIZ. The disc papers were saturated with 
10µl of these oils.     

The obtained data revealed that the essential oils 
extracted by hydrodistillation from LI and LE peels 
have the highest antibacterial activity compared with all 
tested microorganisms used in the present work 
followed by GF peel extract, but in different levels of 
DIZ. LI, LE and GF peels extracted by ethanol, hexane 
and Floch had weak activity against growth on all the 
studied bacteria. Also the essential oils of MM, SOO 
and SWO peels extracted by hydrodistillation, ethanol, 
hexane and Floch did not show any effect on growth of 
some tested bacteria. The results in Table (3) indicated 
that essential oils from LE and LI peels extracted by 
hydrodistillation were very effective on growth of all 
tested bacteria except E. coli DSM 1576, Staph. 
epidermdia and Staph. pyegenes. In addition, the 
essential oil from LE peels was more effective on 
growth of other tested bacteria compared with the 
essential oil of LI peels. The data showed that DIZ of 
essential oils of LI and LE peels extracted by 
hydrodistillation recorded, respectively, Bacillus subtilis 
(13, 12 mm), Cl. botulinum (18, 13 mm), E. coli CCM 
5172 (14, 13 mm), K. penumonia (18, 13 mm) and S. 
senftenbergy (18, 11 mm). While the lowest DIZ 
recorded 5, 7 mm with Staph. aureus. On the other 
hand, the growth of E. coli DSM 1576 was already 
known to be multi-resistance for the extracted essential 
oils from MM, SOO and SWO peels. Also Staph. 

aureus, Staph. epidermdia and Staph. pyogenes were 
uninhibited by hydrodistillation extracted oil of both 
SOO and SWO peels. These results may be due to their 
low content of phenolic compounds.      

The results in this study showed moderate values 
comparing with those reported by Mahmud et al. 
(2009), who found that DIZ of discs impregnated with 
0.45ml of extracted essential oils of sour lime peels has 
high antibacterial activity on Bacillus subtilis (22 mm), 
S. typhimarium (17 mm). But the values of DIZ were 18 
mm for Staph. aureus and 6  mm for E. coli. Roy et al. 
(2012) found that maximum DIZ of E. coli was 10 mm 
compared with Staph. aureus (8 mm) when used 
volatile oils extracted from lemon peels by 
hydrodistillation. Hindi and Chabuck. (2013) studied 
the effect of aqueous extract of lemon peels against six 
Gram-positive and eight Gram-negative bacteria, then 
measured the DIZ by using 20µl from aqueous extract. 
They found that DIZ of K. peneumoniae was 20 mm, 
while E. coli has not any zone of inhibition. Bendaha et 
al. (2016) used 10µl of essential oil of sour orange peel 
(C. aurantium) isolated by steam hydrodistillation with 
paper disc. They found the DIZ was 10 mm with Staph. 
aureus, while the E. coli DH5 was resistant to this 
essential oil. These results disagreed with the obtained 
results in the present work. This may be due to variation 
of variety of genus of bacteria, also kinds of citrus fruits 
and different extraction methods. 

   According to the results in Tables (1) and (3), the 
essential oils of LI and LE peels extracted by 
hydrodistillation contained high percentage of phenolic 
compounds, so they have strong effect on bacterial 
growth compared with the other extracts. From these 
obtained results, each of B. subtilis DBDR 100, Cl. 
botulinum ATCC 3584, E. coli CCM 5172, K. 
pneumonia ATCC 12296 and S. senftenbergy ATCC 
8400 were highly sensitive by essential oils of LI and 
LE peels extracted by hydrodistillation methods. So, 
these bacteria were used for identification of minimum 
inhibitory concentration of LI and LE essential oils 
extracted by hydrodistillation.  

Minimum inhibitory concentration of LI and LE 
peel oils:       

The present study examined the effect of adding 
extracted LI and LE peel oils at different concentrations 
ranged between 10 

 

60 µl/ml to growth media of two 
fungal strains and five bacterial strains to detect the 
minimum inhibitory concentration (MIC) caused 
completely growth inhibition of these fungal and 
bacterial strains.   





  
Table 3. Antibacterial activity of the different extracts of citrus fruit peels (10µL) against bacterial strains 

Diameter of inhibition zone (DIZ mm*) 
Hydrodistillation** Ethanol** 

 
Bacterial strains  

GF LE LI MM SOO SWO GF LE LI MM SOO SWO 

Bacillus subtilis DBDR100 9 12 13 10 9 

 
6 2 7 3 2 1 

Clostridium botulinum ATCC 3584 7 13 18 9 9 

 
4 1 10 - 1 - 

Escherichia coli CCM 5172 4 13 14 - 9 10 3 

  
- 1 - 

Escherichia coli DSM 1576 8 7 11 

   
6 

 
5 - 2 - 

Klebsiella pneumonia ATCC 12296 9 13 18 

 

10 

 

5 2 5 1 5 - 

Salmonella senftenbergy ATCC 8400

 

5 11 18 7 

 

11 3 1 3 2 4 2 

Staphylococcus aureus NCTC 10783

 

9 5 7 7 

  

6 2 3 - - - 
Staphylococcus epidermdia 7 9 7 9 

   

3 3 - - - 
Staphylococcus pyogenes. 10 4 10 10 

   

4 4 - - - 

                                                                                           Hexane**                                                                  Folch**        

Bacillus subtilis DBDR 100 3 3 6 3 4 3 7 4 7 4 1 1 

Clostridium botulinum ATCC 3584 2 2 4 2 1 - 2 1 2 5 

  

Escherichia coli CCM 5172 - 3 - - 2 - - 1 - 1 

  

Escherichia coli DSM 1576 - - 5 3 

 

- 2 5 3 1 

  

Klebsiella pneumonia ATCC 12296 2 2 5 5 5 3 4 3 3 3 2 4 

Salmonella senftenbergy ATCC 8400

 

- 1 3 1 1 3 2 3 5 1 

 

5 

Staphylococcus aureus NCTC 10783 - 2 - 2 - - 

  

- 1 

  

Staphylococcus epidermdia - 3 3 1 - 2 3 

 

2 2 3 1 

Staphylococcus pyogenes. 2 1 5 4 - 2 4 4 4 5 2 

 

GF: Grapefruit, LE: Lemon, LI: Lime, MM: Mediterranean Mandarin, SOO: Sour Orange, and SWO: Sweet orange. 
 *Diameter of inhibition zone (DIZ) including disc paper diameter of 4mm.  
**Extraction method.                                               

     Not inhibited zone.  

Table 4. Effect of different concentrations of hydrodistillation extracts of lime and   lemon peels on 
enumeration of fungal strains 

CFU/ml.         
Hydrodistillation extracts 

Lemon peels (LE) Lime peels (LI) 

Concentrations 
(µl) 

Strains 

285 × 106 285 × 106 0 
250× 106 0.0 10 
24× 106 0.0 20 
20× 106 0.0 30 

0.0 0.0 40 
0.0 0.0 50 
0.0 0.0 60   

Aspergillus niger 
CAIM  147 

325× 106 325× 106 0 
150× 106 0.0 10 
60× 106 0.0 20 

0.0 0.0 30 
0.0 0.0 40 
0.0 0.0 50 
0.0 0.0 60   

Penicillium   sp. 

Table (4) showed the effect of different concentrations 
of LI and LE peel oils on enumeration of each A. niger 
CAIM 147 and Penicillium sp. The results showed no 
growth of A. niger at 10µl of LI oil. While at the same 

concentration of LE oil, the count was 250x106 CFU/ml 
on the same conditions. But at 40µl, the growth 
completely stopped. Increasing the concentration of LE 
oil, the count of A. niger decreased. On the other hand, 
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the results indicated that 10µl of LI oil has the same 
effect on Penicillium sp, while addition of 30µl of LE 
oil to medium completely inhibited the growth of 
Penicillium sp. So, the LI peel oil had higher effect on 
the two tested fungal strains than LE peel oil. Also 
Penicillium sp was the most susceptible at 30µl of LE 
oil, while MIC of A. niger was 40µl under the same 
conditions.      

The data in Table (5) represented that using 10µl of 
LI peel oil was completely inhibited the growth of B. 
subtilis. While using the same concentration of this oil 
reduced the count of K. pneumonia and S. senftenbergy 

from initial inoculums from 780 x102 to 200 x102 

CFU/ml and 880 x102 to 400 x102 CFU/ml, 
respectively. Also, addition of 20µl from this oil to 
media was more effective and prevented the growth. 
The results showed that E. coli was more resistant with 
LI oil until 40µl (25 x 102 CFU/ml), while the MIC was 
50µl. Also the viable count of Cl. botulinum was 49 
x102 CFU/ml at 30µl of LI oil, while no viable count 
was observed at 40µl under the same conditions. The 
same Table revealed that B. subtilis was highly sensitive 
at 20µl oil of LE peels. This level was the MIC for 
growth of B. subtilis. 

Table 5. Antibacterial activity of different concentrations of hydrodistillation extracts of lime and lemon peels 
 CFU/ml.         

Hydrodistillation extracts 
Lemon peels (LE) Lime peels (LI) 

Concentrations 
(µl) 

Strains 

768× 102 768× 102 0 
692× 102 0.0 10 

0.0 0.0 20 
0.0 0.0 30 
0.0 0.0 40 
0.0 0.0 50 
0.0 0.0 60   

Bacillus  subtilis  
DBDR 100 

840× 102 840× 102 0 
640× 102 320× 102 10 
440× 102 111× 102 20 
384× 102 49× 102 30 
196× 102 0.0 40 
84× 102 0.0 50 

0.0 0.0 60   

Clostridium botulinum  
ATCC 3584 

544× 102 544× 102 0 
172× 102 112× 102 10 
120× 102 72× 102 20 
56× 102 48× 102 30 
38× 102 25× 102 40 

0.0 0.0 50 
0.0 0.0 60   

Escherichia  coli  
CCM 5172 

780× 102 780× 102 0 
468× 102 200× 102 10 
305× 102 0.0 20 

0.0 0.0 30 
0.0 0.0 40 
0.0 0.0 50 
0.0 0.0 60   

Klebsiella  pneumonia  
ATCC 12296 

880× 102 880× 102 0 
560× 102 400× 102 10 
120× 102 0.0 20 

0.0 0.0 30 
0.0 0.0 40 
0.0 0.0 50 
0.0 0.0 60   

Salmonella senftenbergy  
ATCC 8400 

 



  
The effect of LE peel oil at 20µl which added to 

media of K. pneumonia and S. senftenbergy showed that 
reduction of count was from initial inoculums 780 x102 

to 305 x102 CFU/ml and 880 x102 to 120 x102 CFU/ml, 
respectively. While using 30µl from the same oil, no 
growth was observed completely.      

The data in Table (5) showed that viable count of E. 
coli decreased with increasing LE oil from 10 to 40 µl. 
But at 50 µl, no growth was noted. 

The results showed that Cl. botulinum was more 
resistant against all concentrations of LE oil until 50 µl 
and the viable count was 84 x102 CFU/ml. But MIC was 
These results showed that essential oil of LI extracted 
by hydrodistillation had more effect on tested bacterial 
strains in the present work compared with oil of LE 
under the same conditions. Also these results agreed 
with the recorded diameter of inhibition zone of each 
fungal and bacterial strains tested and percentage of 
phenolic compounds in oils extracted in the present 
study. 
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