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ABSTRACT 

The uses of essential oils have received increasing attention as the natural additives for the 
shelf, life extension of food products, due to the risk in using synthetic preservatives. The lemon and 
orange oils were analyzed to identify and quantify their components by GC-MS. Results revealed that 
the major component of lemon oil was limonene (28.5%) and the major components of  orange oil 
were Dihydrocarvone (30.25%) and 4',6-Dimethoxyisoflavone-7-O-β-D-glucopyranoside (20.83%). 
Cakes were prepared using lemon and orange oils at three levels 0.5, 1.0 and 1.5% for both of them 
separately. Cake were stored at room temperature (25 ± 1°C) or refrigerator (4oC) for 16 days then 
analyzed for total count, mold and yeast intervals. The results indicated the positive effect of adding 
lemon and orange oils on cake volume and specific volume. Sensory evaluation showed that the 
crumb color, odor, taste and acceptance are significantly higher for the three levels of lemon oil than 
orange oil. The total count, mold and yeast were not observed till the 12th day of storage at room 
temperature and refrigerator for all levels of lemon and orange oils except for 1.5% addition of both. 
The period till 16 days of storage at room temperature and refrigerator. The rate of hardness decrease 
by increasing levels of addition of lemon and orange oils compared with control during storage. The 
study showed that incorporation of lemon and orange oils gave good results in terms of the texture, 
organoleptic and extending the shelf life of cake. 
 
Keywords: Lemon oil, Orange oil, Essential oils, citrus peels, GC-MS, Natural preservatives. 

 
Introduction 

Nowadays many consumers are demanding natural preservatives in foods instead of artificial 
and harmful chemicals. Consequently, interest in more natural, non-synthesized, antimicrobials as 
potential alternatives to conventional antimicrobials to extend shelf life and combat foodborne 
pathogens has heightened (Calo   et al., 2015). 

In recent years, aromatic plants and their extracts have been examined for their effectiveness for 
food safety and preservation applications (Prakash et al., 2015). Most of their properties are due to 
their essential oils (EOs) and other secondary plant metabolite components (Brenes and Roura, 2010). 
These potential attributes and an increasing demand for natural food additive options have led to an 
interest in the use of EOs as potential alternative antimicrobials (Sol-orzano-Santos and Miranda-
Novales, 2012).There has been an extensive search for potential natural food additive candidates that 
retain a broad spectrum of antioxidant and antimicrobial activities while possessing the ability to 
improve the quality and shelf life of perishable foods (Fratianni et al., 2010). The antimicrobial or 
other biological activities of EOs are directly correlated to the presence of their bioactive volatile 
components (Mahmoud and Croteau, 2002).  

Several researchers have proposed that the antimicrobial action of EOs may be attributed to 
their ability to penetrate through bacterial membranes to the interior of the cell and exhibit inhibitory 
activity on the functional properties of the cell, and to their lipophilic properties (Guinoiseau et al., 
2010, and Bajpai et al., 2012). An important characteristic of EOs and their components is 
hydrophobicity, allowing the EOs to separate the lipids of the bacterial cell membrane and 
mitochondria cause the bacterial cell to become more permeable (Burt, 2004 and Friedly et al., 2009). 
The interaction of EOs with microbial cell membranes results in the growth inhibition of some Gram-
positive and Gram-negative bacteria (Calsamiglia et al., 2007). It is necessary to study the 
composition of these oils and, as those components present at milligram or monogram amounts. The 
organic chemistry, mainly through GC and mass spectroscopy, has an important role in this area. 
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The development of chromatographic techniques has allowed us to make considerable progress 
in the study of the chemical composition of essential oil. Gas Chromatography (GC) is, by all means, 
the best method, due to its simplicity, rapidity and efficiency, for both the identification and 
quantification of essential oil components and composition variations (Chamorro et al., 2012). 
Chemically the EOs consists of terpene compounds (mono-, sesqui- and diterpenes), alcohols, acids, 
esters, epoxides, aldehydes, ketones, amines and sulfides (Bakkali et al., 2008). Citrus oils are 
approved as generally recognized as safe (GRAS) compounds by the Food and Drug Administration 
(FDA), due to their natural role as flavoring agents in citrus juices (Callaway et al., 2011). 
Approximately 400 compounds of citrus oils have been identified and their content depends on the 
specific citrus cultivar as well as the separation and extraction methods (Tao et al., 2009). Dimic et 
al., (2015) indicated that the lemon essential oil provide a natural system of food safety in both direct 
and vapor contact (as micro atmospheric preservatives or as additives in food. Nannapaneni, et al., 
(2009) tested seven orange oil fractions for their ability to inhibit the growth of Campylobacter and 
Arcobacter. They found that cold pressed terpeneless Valencia orange oil was the inhibitoriest to both 
C. jejuni and Cinnamomum coli, although 5-fold concentrated Valencia oil and distilled D -ocimene 
also inhibited both Campylobacter spp. No inhibition of Arcobacter spp. was detected. The EOs was 
applied after inoculation by spraying at concentrations of 3% and 6% to the surface of different pieces 
of meat. Factors present in complex food matrices such as fat content, proteins, water activity, pH, 
and enzymes can potentially diminish the efficacy of EOs (Friedly et al., 2009). According to Burt 
(2004), enhancing the antimicrobial activity. Additional methods to enhance EOs activity include 
increasing salt content, and decreasing storage temperatures (Friedly et al., 2009).                      

Friedly et al., (2009) observed significant synergistic antimicrobial properties against Listeria 
by combining citrus EOs with four different organic acids, citric, malic, ascorbic and tartaric acid, 
making citrus EOs a more attractive antimicrobial control measure. Their study revealed that low 
concentrations of citrus EOs in combination with organic acids could be effective to control Gram-
positive microbial growth, as Listeria. Preservatives used to prolong shelf life include antimicrobials, 
antioxidants, and chelating agents. Use of natural preservatives is gaining importance in recent years 
because of its nontoxic nature and absence of adverse side effects. Natural preservatives can be 
derived from plants, animals, and some microbes consisting essential oil constituents, flavonoids, 
phenolic compounds, etc. (Burt. 2004 and Negi, 2012). 

The present work was carried out to study the effect of orange and lemon oils as natural 
preservatives, its effect on physical characteristics and finally the quality of cake during storage in 
refrigerates and room temperature.  
 

Materials and Methods 
 

Soft wheat flour (72% extraction), was obtained from the South Cairo mills company, Giza,   
Egypt. 

Other ingredients (sugar, butter, eggs, skim dry milk, vanilla and baking powder) were obtained 
from local market. 

Lemon (citrus limon) and Orange (Citrus sinensis) fruits were obtained from local market. 
 

Methods: 
 
Extraction of essential oils: 

Lemon or orange fruit was washed and peeled by using sharp knife to obtained outer layer.(300 
grams) of peels for extraction of essential oils from each lemon or orange peels were separated by 
water distillation for 3-4 hr. according to the method of  Shakir and Salih, (2015) essential oils were 
separated by a Clevenger apparatus. The percentage of the essential oils were calculated and 
expressed as volume / weight (cm3 /100 g) .The volatile oil was trapped in small volume and removed 
time to time from the side arm. After the distillation, the oil was dried over anhydrous sodium 
sulphate and kept in deep freezer at -200C until analysis. 
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Identification and quantification of essential oil components: 
GC-MS analyses were carried out using Agilent 5975C Series GC-MSD system (7890A GC 

and 5975C inert MSD) operating in the EI mode at 70 eV, equipped with a HP-5MS capillary column 
(30 m × 0.25 mm; film thickness 0.50 μm), according to Milovanović et al. (2009). The identification 
of the essential oil components were carried out by gas chromatography-mass spectrometry (GC-MS). 
The quantitative data were calculated as the following equation by Chamorro et al. (2012). 

 

% Relative of the component = 
Component area 

X 100 
Total area 

Cake preparation: 
Cake preparation ingredients for making cakes were purchased from commercial sources and 

the approved methods of the A.A.C.C.  (2010) with slight modification were used to prepare cakes. 
Pre- test experiment has been carried out to determine the best addition ratio of suggested materials 
for cake making by sensory evaluation. The formulas are shown in Table (1). 
   
Table 1: The formula of produced cup cake. 

Orange oil Lemon oil 
Control Ingredients (g) 

1.5% 1.0% 0.5% 1.5% 1.0% 0.5% 
100 100 100 100 100 100 100 Wheat flour (72%) 
60 60 60 60 60 60 60 Sucrose 
50 50 50 50 50 50 50 Butter 
- - - 1.5 1.0 0.5 - Lemon oil 

1.5 1.0 0.5 - - - - Orange oil 
35 35 35 35 35 35 35 Fresh whole egg 
7 7 7 7 7 7 7 Skim milk powder 
4 4 4 4 4 4 4 Baking powder 
1 1 1 1 1 1 1 Vanilla 

35 35 35 35 35 35 35 Water (ml3) 

 
For making cake dried ingredients were mixed except sugar. The butter with (lemon or orange 

oil) were mixed by using mixing machine at a medium speed for 3 min, then sugar was added to the 
mixture  and  beaten for 3 min , and also the beaten eggs and vanilla were added then beaten for 2 
min, and added to the creamed fat- sugar mixture and well beaten at low speed for 5 min. Flour and 
other ingredients were added stirred, to the previous mixture gradually and beaten for 5 min. Thirty 
grams of cake were scaled into greased cup cake (size 1), and baked at 180 °C for 25 min in a 
preheated baking oven. The produced cakes were cooled for about 2 hours and packed in polyethylene 
packages. The produced cakes were stored at room temperature (25 ± 1°C) and stored in refrigerator 
(4°C). The cakes were subjected to sensory, chemical, physical, and antimicrobial. 

 
Chemical composition of wheat flour and produced cake: 

Moisture, protein, lipid, ash and crude fiber contents were determined in wheat flour and control 
cake by using the appropriate A.O.A.C. (2012). Available carbohydrates (A.C) were calculated by 
difference according to the following equation: 
            A.C (On dray basis) =100 – (% protein + % total lipid + % ash + % crude fiber). 
 
Physical properties of batter: 

Batter Specific gravity was measured as described by Gomez et al. (2007) by calculating the 
ratio of the weight of a standard container filled with batter to that of the same container filled with 
distilled water. 

Viscosity of the cake batter were measured with Brookfield Digital Rheometer, model HA 
DVIII Ultra (Brookfield Engineering Laboratories INC) according to the methods described by 
Brookfield (1998).The sample was placed in a beaker and allowed to rest for 20 min, the spindle was 
selected for the sample measurement. A thermostatic water bath provided with the instrument was 
used to regulate the sample temperature. The apparent viscosity of the samples was measured at room 
temperature (250C).  
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Physical properties of produced cake: 
The weight (g) for cake was determined individually within one hour after baking the 

average was recorded. Both volume (cm3) and Specific volume were determined according to 
A.A.C.C.  (2010). The volume (cm3) of different types of produced cakes was determined by rape 
seeds displacement. Specific volume was calculated using the following equation:                           
                                              Specific volume = Volume (cm3)/Weight (g). 
 
Sensory evaluation of produced cake: 

Cake produced was evaluated according to the method described by A.A.C.C. (2010), using ten 
panelists from the staff of  Bread and Pastries, Research Dept., Food Technol., Res. Institute.,  Agric. 
Res. Center, Giza.  

 
Analysis of microbial load in cake during storage period:  

Microbial load was analyzed using pour plate method according to Vanderzant and 
Splittstoesser (1992). The cake (25 g homogenized sample) was aseptically mixed in 225 mL of 
sterile saline solution (0.85% NaCl) in a laminar hood, and the samples were serially diluted before 
analysis. The appropriately diluted samples (1mL) were poured into sterilized petri plates, and warm 
(50°C) nutrient media was poured, mixed and allowed to solidify. Media used for the evaluation of 
total plate count, mold and yeasts count, respectively, during storage period. The colonies developed 
after incubation were counted and expressed as log CFU/g 
 
Determination of water activity (aw): 

Water activity was determined by Rotronic Grindelstrasse 6 CH-830 Bassersdorf. Water 
activity characterizes free, unrelated water in the products. It is the ratio of water which is available 
used for biological and chemical reactions. 

 
Texture characteristics: 

The texture profile analysis was conducted by Brookfield CT3 Texture Analyzer (version2.1, 
1000gram unit). Parameters were automatically recorded by computer software (TA-CT-PRO 
software). According to A.A.C.C. (2010) the samples (2.5 cm height and 4 cm diameter) were 
compressed twice to 40% deformation using Prope-36 mm Cylindrical, trigger load 5 N, and test 
speed-2 mm/s. The experiments were conducted under ambient conditions. 

 
Statistical analysis: 

The data obtained from sensory evaluation were statistically analyzed at 0.05 levels probability 
according to procedure Snedecor and Cochran (1980). 

 
Results and Discussion 
 
Identification and quantification of volatile compounds in lemon and orange oils by gas 
chromatography -mass spectrophotometer (GC-MS): 

 Essential oils are complex mixtures, constituted by terpenoid hydrocarbons, oxygenated 
terpenes and sesquiterpenes. They originate from the plant secondary metabolism and are responsible 
for their characteristic aroma. The essential oil obtained was analyzed quantitatively by means of GC. 
The quantitative data were determinated from the peak percentage areas (Chamorro et al., 2012). 

Table (2) showed the separation of a large number of compounds of which 39 volatile 
compounds were identified in lemon oil. As can be seen, the major component of lemon oil was 
Limonene (28.5%). Also, the results from the table (3) indicated that separation of a large number of 
compounds of which 26 volatile compounds are identified in orange oil. It could be noticed that the 
major components of orange oil were Dihydrocarvone (30.25%) and 4',6-Dimethoxyisoflavone-7-O-
β-D-glucopyranoside (20.83%).These results are in harmony with Hong et al. ( 2017). 

From the literature, the essential oils composition of these plants varies from one to another, 
which could be expected since the composition of the extracts obtained from these plants is known to 
vary significantly because of difference between species and chemo types (Tantaoui-Elaraki et al., 
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1993), geographical origins (Perry et al., 1999), seasons (Senatore, 1996) extraction procedure, time 
of harvest and the plant part collected (Scaneberg and Khan, 2002). 
 
Table 2: Identification and quantification of volatile compounds of lemon oil by Gas 

Chromatography-mass spectrophotometer (GC-MS):   
Relative concentrations 

(%) 
RT Name 

2.44 6.911 β- Ocimene 
o.55 7.078 Camphene 
3.49 7.408 Terpinolenα 
3.39 7.521 Pinene -α  
0.68 7.709 Terpineneϒ 
1.25 7.822 Mentha- 1,3,8-trieneϸ 
28.5 8.081 Limonene 
5.31 8.27 2-Carene 
0.98 8.60 ElemeneϬ 
4.24 8.7 Linaloolβ 
1.12 8.888 Isopregol 
1.33 9.081  α- 7,8-Dihydroionone 
1.18 9.15 Dihydrocarvon 
4.25 9.62 ElemeneϬ 
2.28 9.75 Isopulegol 
0.34 9.875  FENCHYL ALCOHOLβ 
3.1 10.047 Cis-Citral 

0.83 10.235  Selinene  -β  
4.69 10.31 (S)-Citronellic acid 
0.43 10.594 Isoborneol 
1.42 11.121 Ϭ- Tocopherol 
0.33 11.619 Epiglobulol 
0.36 11.836 Longifolene 
0.36 11.912 Caryophyllene 
0.41 11.978 Ylangene 
0.42 12.187 Himachaleneα 
0.49 12.484 α-Farnesene 
0.29 12.66 Cadineneϒ 
0.38 12.77 -Humuleneβ 
0.51 13.007 (-)-Spathulenol 
0.53 13.567 Gurjuneneα 
1.03 15.616 Arachidic acid 
0.31 16.5 Isosteviol acetate 
2.69 16.804 Linoleic acid 
4.53 16.854 Cis-11-Eicosenoic acid 
0.41 17.36 Cedrol 
2.97 21.349 Retinoic acid 
3.95 21.809 3,4-2H-coumarin,4,4,5,6,8-pentamethyl- 
8.24 22.762 Longiverbenone 

  R.T. = Retention Time 
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Table 3: Identification and quantification of volatile compounds of orange oil by Gas 
Chromatography- mass spectrophotometer (GC-MS): 

Name  
R.t. 

Relative concentrations 
( %) 

Shikimic acid 3.233 1.73 

4-Mercaptophenol 4.439 0.95 

Methoxyeugenol 5.339 1.6 

D-Limonene 5.857 1.21 

Geranyl isovalerate 7.083 1.27 

3,7,3',4',5'-Pentamethoxyflavone 7.621 3.23 

 2,3,4,6-Tetramethylphenol 9.169 4.09 

Morin 10.053 1.1 

5,7,3',4',5'-Pentahydroxyflavone 10.375 4.02 

5-Hydroxyisovanillic acid 11.067 2.66 

7-Hydroxy-3-(4-methoxyphenyl)coumarin 11.409 1.24 

Phytol 12.477 2.02 

Vitexin 13.161 1.14 

Benzophenone, 2,3,4-trihydroxy- 13.548 0.92 

3'-Hydroxy-5,6,7,4'-tetramethoxyflavone 13.65 0.76 

4',6-Dimethoxyisoflavone-7-O-β-D-glucopyranoside 13.776 20.83 

Ascorbic acid, permethyl- 13.919 2.25 

Glycitin 14.399 0.74 

9-cis-Retinoic acid 14.53 0.77 

Dihydrocarvone 14.839 30.25 

Isolongifolol 14.933 6.66 

Quercetin 3',4',7-trimethyl ether 15.01 5.99 

Kampferol-3,4'-dimethyl ether 15.173 1.66 

3-(3,4-Dimethoxyphenyl)-4-methylcoumarin 17.634 0.58 

3,5,3',5'-Tetra-tert-butyldiphenoquinone 18.09 1.64 

7,3',4',5'-Tetramethoxyflavanone 20.905 0.68 
  R.T. = Retention Time 

Chemical composition of wheat flour and produced cake: 
Data in Table (4) represent the proximate chemical composition of wheat flour (72 % 

extraction) and produced cake. The values of protein and carbohydrate in wheat flour (72% 
extraction) were 10.12 and 87.74%, respectively. While in the produced cake were 21.0, 1.86 and 
1.21%, for fat, ash and crude fiber, respectively. 

 
Table 4: Chemical composition of wheat flour (72 % extraction)    and produced cake (g/100g on dry 

weight basis).   
Components% Flour  Cake 
Protein 10.12 7.85 
Fat 1.11 21.00 
Ash 0.54 1.86 
Crude Fiber 0.49 1.21 
*Available carbohydrate 87.74 68.08 

  *Available carbohydrate by difference. 
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Physical properties of batter:  
The effect of lemon and orange oils on specific gravity (g/cm3) showed a slight decrease by 

increasing addition level from 1.0% to1.5% compared with control. Previous studies have reported an 
inverse relation between specific gravity of batter and cake volume after baking (Lee et al., 2005). 

Batter viscosity plays an important role in cake making. Data of batter viscosity, in Table (5) 
showed that the addition of both lemon and orange oils increased the viscosity, slightly, when 
compared with control (431.6 cp) from 432.5 to 433.7cp and from 432.2 to 434.3cp, at levels 
additions from 0.5% to 1.5% for both, respectively. The viscosity was important in physically 
retaining the small bubbles which were firstly incorporated into the batter during mixing. If the 
viscosity was low, the bubbles in the batter rise to the surface and are lost to the atmosphere. While 
high viscosity may retain bubbles in the batter. Gomez et al. (2007) reported that essential oils 
entrapped air bubbles in batter and maintains these bubbles allowing the leaving gases to expand these 
bubbles  
 
Physical properties of batter and produced cake 

Data presented in Table (5) showed that, the addition of lemon and orange oils increased the 
volume and specific volume of cake under investigation. These results indicated the positive effect of 
adding lemon and orange oils on cake volume. Lemon or orange oil sources also increased the 
specific volume of cake compared to control. Lee et al. (2005) found that decrease specific gravity of 
batter as increase volume of cake. El Zainy et al. (2014) reported that addition of cinnamon oil led to 
the improvement of specific volume at zero time and firmness during storage period.  

 
  Table 5: Physical properties of batter and produced cake 

Properties 
Control 

 
Lemon oil Orange oil 

0.5% 1.0% 1.5% 0.5% 1.0% 1.5% 
   Batter 

Specific gravity (g/cm3) 0.32 0.32 0.31 0.29 0.32 0.30 0.28 
Viscosity (cp) 431.6 432.5 433.2 433.7 432.2 433.8 434.3 

Cake 
Weight (g) 26.28 26.5 26.10 26.17 26.5 26.46 26.48 
Volume (cm3) 82.5 83.5 85.3 86.5 83.8 84.3 85.3 
Specific volume(cm3/g) 3.14 3.15 3.26 3.30 3.16 3.19 3.22 

 
Sensory evaluation of cake: 

Sensory evaluation is considered to be a valuable tool for determining the acceptability of 
any product and the market success of product.  The data in Table (6) indicated that sensory 
characteristics were very good acceptances by panelists with increasing the addition levels of lemon 
oil from 0.5% to 1.5% as well control except for 1.0% and 1.5% additions of orange oil were good, 
hence essential oils often have obvious effect on acceptance of consumers so a pleasant odor and 
sometimes a distinctive taste and are therefore used in significant amounts in the flavoring and 
perfume industries (Burt, 2004). 

 
Analysis of microbial load in cake: 
        All cake samples were stored at room temperature (25±1°C) and refrigerator (4oC) conditions for 
16 days. Data in tables (7) and (8) showed that after 16 days of storage, total count of lemon oil and 
orange oil cakes were detected for all levels except 1.5% level of lemon or orange oil at room 
temperature and at refrigerator were not detected (ND). However, total count for control was detected 
after 4 days of storage at room temperature and after 8 days at refrigerator. Refer to the tables (7) and 
(8) mold and yeast could be seen after 16 days for all additions  of lemon and orange oil except 1.5%  
addition of lemon  or orange oil at room temperature and refrigerator were not detected (ND). Also 
mold and yeast for control was detected after 8 days of storage at room temperature and refrigerator. 
On the basis of these findings, it could be contended that the product is safe to consume due to proper 
hygienic considerations during preparation with lemon or orange oil cake. Dimic et al. (2015) 
indicated that the lemon essential oil showed a complete inhibition of growth of the tested molds at 
≥1.25 μL/mL using both types of contact tests (in the agar medium and in the vapor atmosphere), and 
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it provide a natural system of food safety in both direct and vapor contact (as micro atmospheric 
preservatives or as additives in food). The challenge is to maximize essential oils as natural 
substances with biological activity and replacing chemical additives (Tongnuanchan and Benjakul, 
2014).  
 
Table 6: Sensory evaluation of  produced cake. 

Treatment 
Appearance 

(20) 

Crust 
Color 
(20) 

Crumb 
color 
(20) 

Odor 
(10) 

Taste 
(10) 

Texture 
(20) 

Overall 
acceptance 

(100) 
Grade 

Control 
19a 

±1.04 
19a 

±1.04 
19ab 

±0.87 
8.6b 

±0.77 
8.8ab 
±0.38 

19.3a 
±0.77 

93.9ab 
4.04 

V 

L
em

on
 o

il
 0.50% 

19.25a 

±0.72 
19.41a 

±0.46 
19.5a 

±0.52 
10.33a 
±3.14 

9.16a 
±0.38 

17.66ab 
±4.07 

96.16a 
±2.65 

V 

1.0% 
19.25a 

±0.72 
19.08a 
±1.06 

19.5a 
±0.52 

9.33ab 

±0.77 
9.16a 
±0.38 

19.16a 

±0.71 
95.5a 

±3.55 
V 

1.5% 
19.5a 
±0.79 

19.66a 
±0.49 

19.66a 

±0.49 
9.5ab 
±0.79 

9.33a 

±1.15 
19a 

±1.20 
96.66a 

±4.65 
V 

O
ra

n
ge

 o
il

 0.5% 
18.58ab 
±1.06 

19.08a 

±0.63 
18bc 
±1.90 

8.83b 
±1.11 

8bc 
±1.20 

17.58ab 
±1.76 

90.08bc 

±6.75 
V 

1.0% 
18.5ab 
±1.44 

18.66a 

b±1.43 
18.16bc 
±1.85 

8.91b 
±0.76 

7.83cd 

±1.64 
17.66ab 

±1.66 
89.75bc 
±8.05 

G 

1.5% 
17.83b 
±1.74 

18b 
±1.80 

17.33c 
±1.77 

8.33b 
±1.30 

7d 
±1.34 

16.66b 

±1.66 
85.16c 

±8.95 
G 

Means followed by different letters in the same column are significantly different by Duncan`s multiple   test (p<0.05). 
90-100 Very Good (V). 80 -89 Good (G), 70-79 Satisfactory (S). Lees than 70 Questionable (Q). 

     
 Table 7: Antimicrobial effect of  lemon and orange oil on storage cake samples at room temperature 

(cfu/g). 

Treatments 
 

Zero time 4 days 8 days 12 days 16 days 

Total 
Countnt 

cfu/g 

Mold 
& 

yeast 
 cfu/g 

Total 
Count 
cfu/g 

Mold 
&  

yeast 
cfu/g 

Total 
Count 
cfu/g 

Mold 
&  

yeast 
cfu/g 

Total 
Count 
cfu/g 

Mold 
&  

yeast 
cfu/g 

Total 
Count 
cfu/g 

Mold 
&  

yeast 
cfu/g 

Control ND ND 3x102 ND 8x102 8x102 12x102 12x102 15x102 13x102 

 
Lemon 
oil 

0.5% ND ND ND ND ND ND ND ND 10x102 12x102 
1.0% ND ND ND ND ND ND ND ND 6x102 7x102 
1.5% ND ND ND ND ND ND ND ND ND ND 

Orange 
oil 

0.5% ND ND ND ND ND ND ND ND 9x102 4x102 
1.0% ND ND ND ND ND ND ND ND 7x102 2x102 
1.5% ND ND ND ND ND ND ND ND ND ND 

        ND: not detectable       cfu  : colony forming unit  

Table 8: Antimicrobial effect of  lemon and orange oil on storage cake samples at refrigerator. 

Treatments 

Zero time 4 days 8 days 12 days 16 days 

Total 
count 
cfu/g 

Mold 
& 

yeast 
cfu/g 

Total 
count 
cfu/g 

Mold 
& 

yeast 
cfu/g 

Total 
count 
cfu/g 

Mold 
& 

yeast 
cfu/g 

Total 
count 
cfu/g 

Mold 
&  

yeast 
cfu/g 

Total 
count 
cfu/g 

Mold 
&  

yeast 
cfu/g 

Control ND ND ND ND 3x102 4x102 6x102 7x102 8x102 9x102 

Lemon 
oil 

0.5% ND ND ND ND ND ND ND ND 5x102 9x102 
1.0% ND ND ND ND ND ND ND ND 3x102 6x102 
1.5% ND ND ND ND ND ND ND ND ND ND 

Orange  
oil 

0.5% ND ND ND ND ND ND ND ND 4x102 2x102 
1.0% ND ND ND ND ND ND ND ND 3x102 ND 

1.5% ND ND ND ND ND ND ND ND ND ND 

         ND: not detectable          Cfu: colony forming unit   

Determination of water activity (aw): 
Water is the most important component of food and in terms of food safety the most significant. 

Its presence, quantity and nature determine many chemical process and microbial pathogens which 
are important for the product safety control and quality. Hence, the understanding of aw could assist in 
developing food technology and scientifically support food safety plans. So aw had been evaluated and 
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illustrated in Table (9) it could be seen that aw values of control and all additions of both lemon and 
orange oil were reduced during storage time at room temperature and refrigerator. At zero time in 
room temperature aw values were 0.87 for control, 0.87, 0.85, 0.84 for 0.5%, 1.0% and1.5% additions 
of lemon oil respectively, also were 0.85,0.85,0.83 for 0.5%, 1.0% and 1.5% additions of orange oil 
respectively. Mahmoud and Croteau, (2002) reported that antimicrobial or other biological activities 
of EOs are directly correlated to the presence of their bioactive volatile components  

 These results are in harmony with Barbosa et al., (2008)who mentioned that beside aw there are 
many other factors effect on growth of microorganisms such as temperature and pH, etc.,.  In spite of 
aw values during storage time may allow the growth of bacteria and mold. Rockland and Nishi (1980) 
mentioned that the water activity level that limits the growth of the vast majority of pathogenic 
bacteria is 0.90aw, 0.70aw for spoilage molds, and the lower limit for all microorganisms is 0.60aw. 
From Tables (7 and 8) the microbial load analysis test were not detected till 12 days of storage for all 
additions which reflects the efficiency of lemon and orange oil as natural preservatives. The lower aw 
obvioused that, 1.5% addition of both oils (lemon and orange) till 16 days at room temperature and 
refrigerator reflected inhibition the growth of microorganisms compared with control and other 
additions. These results are in harmony with Calsamiglia et al., (2007) who mentioned the interaction 
of EOs with microbial cell membranes results in the growth inhibition of some Gram-positive and 
Gram-negative bacteria. Several researchers have proposed that the antimicrobial action of EOs may 
be attributed to their ability to penetrate through bacterial membranes to the interior of the cell and 
inhibit activity of the functional properties of the cell (Guinoiseau et al., 2010 and Bajpai et al., 2012).  

 
Table 9: Effect of  lemon and orange oils on water activity of cake storage at room temperature and 

refrigerator. 

Treatments 

Water activity (aw ) 
At 

Zero 
Time 

After  4days After 8 days  After 12 days After 16 days 

At room 
Temp. 

At 
Refrig. 

At room 
Temp. 

At 
Refrig. 

At room 
Temp. 

At 
Refrig. 

At room 
Temp. 

At 
Refrig. 

 Control 0.87 0.780 0.778 0.750 0.774 0.746 0.742 0.739 0.720 
Lemon 

oil 
 

0.5% 0.87 0.750 0.740 0.730 0.720 0.721 0.719 0.711 0.698 
1.0% 0.85 0.750 0.743 0.733 0.721 0.722 0.712 0.711 0.693 
1.5% 0.84 0.747 0.676 0.746 0.654 0.722 0.644 0.698 0.630 

Orange 
oil 

0.5% 0.85 0.777 0.683 0.733 0.648 0.710 0.632 0.702 0.698 
1.0% 0.83 0.770 0.687 0.757 0.643 0.726 0.630 0.710 0.626 
1.5% 0.83 0.740 0.690 0.746 0.683 0.730 0.628 0.722 0.622 

 
Texture characteristics: 

Number of chemical and physical changes occurs, during storage time, known as staling. As 
a result of these changes, cake quality deteriorates steadily as it loses its freshness and crispiness, 
while crumb firmness and rigidity increase. Data in table (10) shows that hardness increased during 
storage time, for control and all addition of lemon and orange oils.  
 
Table 10:  Effect of lemon and orange oil on Hardness of cake during 16 days of storage at room 

temperature and refrigerator. 

Treatments 
 

Hardness 
At 

Zero 
Time 

After  4days After 8 days  After 12days After 16 days 
At room 
Temp. 

At 
Refrig. 

At room 
Temp. 

At 
Refrig. 

At room 
Temp. 

At 
Refrig. 

At room 
Temp. 

At 
Refrig. 

Control 16.43 20.70 16.90 25.61 17.72 26.79 18.50 28.27 19.79 
Lemon 

oil 
 

0.5% 16.00 20.50 16.86 24.13 17.68 26.73 18.48 28.27 19.70 
1.0% 16.00 18.88 16.34 24.10 17.66 26.52 18.37 28.13 19.52 
1.5% 15.97 18.45 16.28 23.63 17.15 26.48 18.19 27.93 19.49 

Orange 
oil 

0.5% 16.30 20.48 16.92 24.20 17.59 26.65 18.50 28.22 19.66 
1.0% 16.27 20.44 16.73 23.90 17.49 26.58 18.47 28.09 19.58 
1.5% 15.80 19.88 16.68 23.10 17.32 26.51 18.22 27.82 19.39 

 
At zero time the hardness was 16.43 for control and 16.00, 16.00 and 15.97 for 0.5%, 1% and1.5% for 
lemon oil respectively, and was 16.30 , 16.27 and 15.80 for 0.5%, 1.0 % and1.5% of orange oil 
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respectively. Means that increasing levels of addition of lemon or orange oil, lead to slight decrease in 
hardness compared with control. As well, after 16 days of storage at room temperature and 
refrigerator led to little decrease in hardness, with increasing addition levels of both oil comparing 
with control. These results are in harmony with sensory evaluation results and acceptable overall 
quality, so the antistaling of lemon and orange oils due to the ability to inhibit the microbial growth. 
As well Silviya et al., (2016) mentioned that the spices and herbs have typical flavors, when added, 
they change the product aroma and improve the taste, and also enhance the shelf life because of their 
antimicrobial nature.  
 
Conclusion 
         We concluded that the use of lemon and orange oils in cake, as natural preservative, up to 1.5% 
were acceptable, improve texture, act as an antimicrobial and prolong the shelf life. 
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