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Abstract: This study aimed to investigate the effect of using cinnamon and orange extracts on the 
physicochemical, sensorial and microbial quality of sponge cake. The two extracts were evaluated 
against Aspergillus flavus and Aspergillus Niger, where both were sensitive to all concentrations of 
plant extracts used, i.e. 0.03%, 0.15% and 0.30% and their growth decreased significantly. The best 
inhibition was 0.05% for cinnamon extract and 0.15% for orange extract. No significant influences 
were reported (p ≥ 0.05) on physical properties of sponge cakes i.e. weight, volume and specific 
volume. The two extracts proved to be superior in terms of retarding the lipid auto oxidation and hence 
the storage ability at ambient temperature was improved. In general, the tested extracts had no 
unfavourable influence on the sensory properties of cakes. In addition, cakes showed significantly 
longer storage stability and received significantly higher overall sensory scores than control cakes (p ≥ 
0.05).  
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INTRODUCTION 

 
 Mould spoilage is a serious and costly problem for bakeries and use of preservatives is therefore an 
attractive means to diminish spoilage and insure food safety. Assuming that sufficient nutrients are available (as 
it is usually the case with foods), microbial growth is controlled primarily by temperature, water activity (aw) 
and pH (Gibson and Hocking, 1997). However, among the most extensively used combined treatments are those 
in which an antimicrobial acid is employed and its effectiveness is enhanced by lowering the pH (Gould, 1995; 
and Gould, 1996). Sorbic acid has become one of the more important preservatives for food, owing to its 
desirable physiological properties, neutral flavour and its effectiveness against a wide range of microorganisms 
even at a pH value of 6.5 (Sofos and Busta, 1981; Thakur et al., 1994).  
 On cakes with low water activity, Aspergillus sp. is an expected spoilage organism. However, consumers 
today are not in favour of additives as preservatives and urge to reduce the quantities exists within the bakery 
industry (Membre et al., 2001). Reduction of preservatives to sub-inhibitory levels has nevertheless been shown 
to stimulate growth of spoilage fungi in some case (Magan and Lacey, 1986; Marin et al., 1999) or/and 
stimulate mycotoxin production (Yousef and Marth, 1981; Gareis et al., 1984; Bullerman, 1985). Therefore, 
new methods to make food safe, which have a natural image, are preferred. A possible alternative is the use of 
natural active agents such as essential oils i.e. aromatic oily liquids obtained from plant material that exert a 
very pronounced antimicrobial activity. 
 Essential oils are well known inhibitors of microorganisms (Burt, 2004). Extracts from spices and herbs, as 
well as their biologically active components, have been intensively investigated for their potential role in the 
protection of food, especially those susceptible to microbial spoilage such as bread, and cakes. Preserving 
properties of spices and their extracts have been recognized long ago; their residues have been found on old 
Egyptian mummies (Silliker et al., 1980) and there is evidence of their usage as antiseptic agents (Guynot et al., 
2003).  
 Cinnamon and orange oils are both natural preservative and flavouring substances. There have been a 
number of reports proved that cinnamon and oranges oils inhibit the growth of molds, yeasts and bacteria. Both 
cinnamon and orange oils added at 2% in potato dextrose agar (PDA), inhibited the growth of seven 
mycotoxigenic molds (Aspergillus flavus, A. parasiticus, A. ochraceus, Penicillium sp. M46, P. roqueforti, P. 
patulum, and P. citrinum) for various times up to 21 days (Azzouz and Bullerman, 1982) and could also inhibit 
the growth of yeasts (Conner and Beuchat, 1984). It was reported that ≤500 ppm of cinnamon oil can inhibit 
Aspergillus flavus, A. parasiticus, A. ochraceus. (Soliman and Badeaa, 2002).  
 Therefore both oils are interesting alternatives to be used as natural preservatives. Being natural 
antimicrobial agents, their usage can minimize the application of synthetic preservatives and simultaneously 
preserve food freshness and sensory quality. The objective of this work is to study the effect of essential oils of 
cinnamon and orange on the physicochemical, sensorial quality and storage ability of sponge cake analogue.  
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MATERIALS AND METHODS  
 
Materials: 
Cake Ingredients:  
 Wheat flour (72% extraction) was obtained from South Cairo Mill Company, Giza, Egypt. Sugar, 
shortening, baking powder, milk, eggs and vanilla were purchased from the local market, Cairo, Egypt. Ethanol 
extracts of cinnamon and orange were obtained from the local market. 
 
Fungal Isolates:  
 Single isolates of two species used in this study namely Aspergillus Flavus and Aspergillus Niger were 
obtained from the culture collection of Faculty of agriculture, Ain Shams University. The cultures were 
maintained on potato dextrose agar (PDA) slants at 4º C. 
 
Method:  
Preparation of Sponge Cakes: 
 Sponge cakes were prepared according to the method of (Bennion and Bamford, 1997) by using the 
following formula: wheat flour 72% extraction (1000 g), sugar (850 g), shortening (50 g), salt (15 g), baking 
powder (40 g), 200 ml milk, eggs (250g) and 17 g vanilla. Extracts of cinnamon and orange were added to the 
formula at three different concentrations namely: and 0.03, 0.15 and 0.30%.  
 The ingredients were mixed and placed on aluminum plates then backed in an oven at 160◦C for 30 min. 
Cooking foil was also put in the oven for sterilisation. After baking, plates were covered with the sterile cooking 
foil and transferred to the laminar flow bench. The cakes were exposed to UV light for 10 min to eliminate 
surface contaminants. They were then cut into 5x5 cm square pieces, which were aseptically placed into 9-cm 
sterile Petri dishes. 
 
Inoculation, Incubation and Growth Assessment:  
 Fourteen-day-old cultures of the isolates were used for the experiments. Cake analogues were inoculated 
with a needle at four points using conidial suspensions of 106 spores/ml. Plates containing the cake analogue 
were placed in the sealed containers then were incubated at 25 °C for 28 days. Diameters of the growing 
colonies were measured after 5, 10, and 15 days, with the aid of a binocular magnifier. At the end of the 
experiment, cake analogues were analyzed for fungal populations (CFU/g) by spread plating of serial dilutions 
using a dichloran 18% glycerol agar (DG18) (Beuchat and Hocking, 1990; Pitt and Hocking, 1997). 
 
Physical and Sensory Evaluation of Cakes: 
 After baking, cakes were allowed to cool for 30 min in the pans at room temperature, then removed from 
the pans and allowed to cool for another 30 min at room temperature, then packed in polyethylene bags and 
stored at room temperature for 5, 10, and 15 days. Weight and volume of three replicates form each treatment 
was recorded according to the methods of (AACC, 2000). Specific volume was calculated by dividing the 
volume to weight.  
 Crumb and crust cake color were evaluated using Hunter, Lab Scan XE, Reston VA., calibrated with a 
white standard tile of Hunter Lab color standard (LX No. 16379) x = 77.26, y = 81.94 and z = 88.14 (L* = 
92.43, a* = -0.88, b* = 0.21). The color was checked at five different points on each cake and every point was 
measured five times. The five points were positioned in the centre of the cake and in the centre of four 
imaginary sectors in which it was divided along the diameter.  
 Sensorial quality were evaluated according to (Heenan et al 2010) by 15 trained panelist i.e. members in the 
Food Science Department. Appearance (crust- darkness, crumb- darkness, porosity and moisture), odor, flavor, 
oral-texture (hardness, adhesiveness, dissolve and moisture), and after-flavor (bitter- aftertaste, sweet-aftertaste, 
sour-aftertaste and overall) 
 
Proximate Composition: 
 The proximate chemical compositions of sponge cakes, including moisture, crude protein, crude fat, ash and 
crude fiber were determined according to Approved Methods 44-40, 46-11A, 30-10, 08-01, and 32-07, 
respectively of (AACC, 2000); % carbohydrate was determined by difference. The nitrogen conversion factor 
for crude protein calculation was 6.25. 
 
Lipid Auto-Oxidation: 
 The Acid value (AV) and peroxide value (PV) were determined according to the methods of (AOAC, 
2000). Thiobarbutric acid number (TBA) was determined as described by (Pearson, 1976). The three parameters 
were analyzed in the oil extracted from the cakes according to (Habib and Brown, 1956). The extracted oil was 
kept in tightly closed dark bottle in a deep freezer at (-20º C) for subsequent analysis. 
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Statistical Analysis: 
 The obtained results were statistically analyzed using analysis of variance (ANOVA) and least significant 
difference (LSD) according to (McClave and Benson, 1991). 
 

RESULTS AND DISCUSSION  
 
Evaluation of the Antifungal Activity of Cinnamon and Orange Extracts:  
 The two essential oils showed antifungal activity against Aspergillus niger and A. flavus (Fig.1-2) as well as 
were effective in suppressing the growth of both. Aspergillus niger and Aspergillus flavus were sensitive to all 
concentration of essential oils used and their growth decreased. The best inhibition zone was found in case of 
using 0.05% cinnamon extracts and 0.15% orange extract. In the present study, we found that cinnamon is more 
effective to delay the growth Aspergillus niger and Aspergillus flavus compared with orange extract. This 
antimicrobial action is mainly being attributed to the content of cinnamic aldehyde and D-limonene respectively 
(Deans, 1991; Dorman, and Deans, 2000; Ferhout, et al.1999). 
 

 
 
Fig. 1: Antifungal activity of cinnamon extract on the growth of Aspergillus flavus. 
 

  
 
Fig. 2: Antifungal activity of orange extract on the growth of Aspergillus flavus. 
 
 The use of the natural extracts proved to be an effective way to reduce the proliferation of microorganisms 
(Oliveira et al., 2008). Consequantly, the development of suitable control strategies for food spoilage inducing 
microorganisms would benefit from the availability of functional, effective antimicrobial natural preservatives. 
 
Chemical Quality Evaluation During Storage:  
 Proximate chemical composition of control and treated cake samples are presented in Table (1). No 
significant differences between control and samples were found. The moisture and oil as the two critical 
variables affecting cakes quality and acceptability were monitored during the 15 days of storage. The oil content 
remained significantly unchanged by adding the two extracts at the three concentrations tested. Meanwhile, 
moisture content decreased gradually during storage (Fig.3 and 4). 
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Fig. 3: Changes in moisture content during storage. 
 

 
Fig. 4: Changes in oil content during storage. 
 
Table 1: Chemical composition of cakes (on dry weight basis). Samples. 

Samples Moisture  Protein  Fat  Fiber  Ash  TC.  
Control  24.40 a ±0.13  11.62 a±0.82  10.25 a ±0.76  0.64a ±0.01  0.86a±0.02  76.63 a ±0.92  

Orange 0.03%  24.28 a ±0.22  11.53 a±0.75  10.28 a ±0.71  0.68a ±0.02  0.82 a ±0.01  76.69 a ±1.02  
Orange 0.15%  24.25 a ±0.52  11.58 a±0.65  10.34 a ±0.33  0.66a ±0.11  0.76 a ±0.001  76.66 a ±0.02  
Orange 0.30%  24.13 a ±0.36  11.46 a±0.48  10.25 a ±0.36  0.64a ±0.01  0.80 a ±0.003  76.85 a ±0.02  

Cinnamon 0.03%  24.36 a ±0.11  11.47 a±0.36  10.30 a ±0.19  0.67a ±0.01  0.83 a ±0.02  76.73 a ±0.02  
Cinnamon 0.15%  24.30 a ±0.30  11.62 a±0.32  10.13 a ±0.16  0.66a ±0.01  0.84 a ±0.001  76.75 a ±0.02  
Cinnamon 0.30%  24.22 a ±0.26  11.63 a±0.26  10.25 a ±0.80  0.64a ±0.01  0.82 a ±0.02  75.83 a ±0.02  

LSD at 0.05  NS  NS  NS  NS  NS  NS  

 
 Table (2) illustrates the changes in the acid value AV of control sample and cakes treated with cinnamon 
and orange extracts at different concentrations during storage for 15 days. The AV of control sample was higher 
than all treated cake samples at different storage periods and the AV increased gradually during storage periods.  
The AV of cakes increased from 1.06 mg KOH / gm oil to 2.26; from 1.02 to 1.13 and from 1.0 to 1.16 mg 
KOH / gm oil by adding orange extracts at different levels respectively. For cakes prepared with cinnamon oils 
the AV of cakes increased from 1.12 mg KOH / gm oil to1.31, from 1.08 to 1.35 and from 1.04 to 1.32 mg KOH 
/ gm oil as well.  
 The peroxide value PV increased also steadily during storage; where incorporating oil affected the rate of 
the PV increase. The lowest PV was reported for cakes prepared with cinnamon oil (2.46 % mequ. Peroxide / 
Kg oil) compared with the respective initial mean value. The mean Thiobarbutric acid number TBA increased 
also in all the studied samples at the end of the storage period compared with the low initial mean value. 
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Table 2: Effect of different concentrations of orange and cinnamon extracts on the chemical quality of cake during storage. 
Quality 

parameter 
Control cake 

 
Cake plus orange extract (%) Cake plus cinnamon oil extract (%) 

LSD at 0.050.03 0.15 0.30 0.03 0.15 0.30 
Zero time 

AV 1.16 a ±0.017 1.06 d±0.018 1.02 f±0.019 1.00 g±0.019 1.12 b±0.019 1.08c±0.020 1.04 e±0.018 0.058 
PV 2.56 a±0.000 2.50 b±0.031 2.46 c±0.033 2.42 d±0.033 2.43cd±0.034 2.36 e±0.034 2.32 f±0.035 0.004

TBA 0.10 a±0.000 0.09 b±.0002 0.08 c±0.002 0.08 d±0.002 0.07e±0.002 0.07 e±0.002 0.07 e±0.002 0.000 
5 days 

AV 1.35 a ±0.000 1.16 c ±0.043 1.04 e ±0.044 1.04 e ± 0.046 1.22 b ±0.047 1.12 cd 0.048 1.09 d ±0.048 0.008
PV 3.00 a ±0.000 2.56 b ±0.061 2.52 b ±0.064 2.50 b ±0.065 2.50 b ±0.067 2.41 c ±0.067 2.32 d ±0.068 0.017 

TBA 0.01 a±0.002 0.09 b ±0.002 0.08 c ±0.002 0.08 d ±0.002 0.08 d ±0.002 0.08 e ±0.002 0.07 f ±0.002 0.000 
10 days

AV 1.56 a±0.0017 1.22 c ±0.002 1.11 f ±0.002 1.16 e ±0.002 1.26 b ±0.002 1.22 c±0.002 1.18 d±0.002 0.001 
PV 3.26 a ±0.000 2.61 b ±0.017 2.58 c ±0.018 2.56d ±0.018 2.52 e ±0.019 2.46 f ±0.019 2.26 g ±0.020 0.001 

TBA 0.11 a ±0.000 0.10 b ±0.002 0.09 c ±0.002 0.08 d ±0.002 0.08 e ±0.002 0.08 e ±0.002 0.08f ±0.002 0.000 
15 days

AV 1.62 a ±0.000 1.26d ±0.002 1.13 f ±0.002 1.16 e ±0.002 1.31 c ±0.002 1.35b ±0.002 1.32 c ±0.002 0.001 
PV 3.52 a ±0.000 2.65 b ±0.002 2.61 cd ±0.002 2.60 d ±0.002 2.62c ±0.002 2.50 e ±0.002 2.46 f ±0.002 0.002 

TBA 0.13 a ±0.000 0.11 b ±0.002 0.09 c ±0.002 0.09d ±0.002 0.10 c ±0.002 0.09e ±0.002 0.08 f ±0.002 0.000
 (AV) acid value; (PV) peroxide value; (TBA) Thiobarbutric acid number.  Values are means of three replicate samples ± standard deviations.  
Values within columns followed by different upper case letters are significantly different (p < 0.05) 

 
Physical Quality of Cakes:  
 Weight, volume, specific volume and color represent the most important physical properties of cake. Table 
(3) showed that increasing storage periods associated with decreasing in cake volume and weight. This result 
could be due to loss of water and air contents in stored cake. On the other hand, specific volume of cake treated 
with cinnamon or orange extracts had lower values compared with control cake sample. 
 
Table 3: Effect of different concentrations of orange and cinnamon extracts on physical quality of cake during storage. 

 
Quality parameter 

Control cake Cake plus orange oil extract (%)  
Cake plus cinnamon oil extract (%) 

 

LSD at 0.05 

0.03 0.15 0.30 0.03 015 0.30 
Zero time 

Weight 90.8aa ±3.11 90.4aa ±3.26 91.2aa ±3.36 91.17aa ±3.42 90.5aa ±3.46 90.25aa ±3.48 89.33aa ±3.47 NS 
Volume 220aa ±8.33 210aa ±8.04 220aa ±8.44 219aa ±8.68 220aa ±8.84 215aa ±8.94 222aa ±8.99 NS

Specific volume 2.42aa ±0.54 2.32aa ±0.69 2.41aa ±0.18 2.4aa ±0.88 2.27aa ±0.67 2.38aa ±0.87 2.49aa ±0.47 NS 
5 days 

Weight 88.79ba ±1.25 88.68ba ±1.80 88.8ba ±1.89 88.75ba ±1.94 88.50ba ±1.98 88.42ba ±2.00 86.5ba ±2.01 NS
Volume 215.0ba ±8.24 206.0ba ±6.27 214.0ba ±5.29 213.0ba ±7.71 200.5ba ±9.31 210.5ba ±5.39 218.0ba ±6.92 NS 

Specific volume 2.42a a ±0.35 2.32aa ±0.52 2.40a a ±0.23 2.4aa ±0.36 2.26aa ±0.45 2.38aa ±0.38 2.52aa ±0.65 NS 
10 days 

Weight 86.74ca ±1.35 86.98ca ±1.24 86.4 a ±1.36 86.05ca ±1.56 86.75ca ±1.32 86.59ca ±1.13 85.0ca ±1.26 NS
Volume 208.0ca ±8.35 201.0ca ±8.22 207.0ca ±8.24 205.5ca ±4.55 197.0ca ±6.11 204.3ca ±7.14 208.5ca ±7.66 NS 

Specific volume 2.39ba ±0.22 2.31aa ±0.35 2.39aa ±0.45 2.38ba ±0.43 2.27aa ±0.65 2.36ba ±0.66 2.45ba ±0.72 NS 
15 days

Weight 84.75d a ±1.03 85.25da ±0.99 84.0da ±1.22 83.5da ±1.56 84.5da ±1.13 84.75da ±1..32 83.5da ±1.10 NS 
Volume 204.0da ±6.32 199.0da ±5.13 203.0da ±6.12 201.6da ±7.32 194.5da ±7.16 201.5da ±5.56 206.5da ±7.05 NS 

Specific volume 2.4ba±0.13 2.33aa ±0.22 2.41aa ±0.18 2.41a±0.36 2.30aa ±0.45 2.37aa ±0.32 2.47ca ±0.54 NS
      Values are means of three replicate samples ± standard deviations  
      Values within columns followed by different upper case letters and values within rows followed by different lower case letters are significantly different (p < 0.05) 

 
 The data presented in Table (4) show the color attributes of the cakes. With regard to the surface color, it 
was clear that the addition of cinnamon or orange extracts did not appreciably affect the color quality. The 
coloring characteristics were more or less not markedly changed except for (a) character (redness to green) in 
most formulas and (L) lightness in all formulas. Even though differences among Hunter L, a and b values for 
cake batters were statistically insignificant, we observed that cake batters prepared with cinnamon were darker 
in color than the batter formulated with orange. 
 
Table 4: Effect of different concentrations of orange and cinnamon extracts on the color quality of cake during storage. 

Samples 
 

Crust Crumb 
10 Days 15 Days 10 Days 15 Days 

L a b L           a b L a b L a b 
Control 63.86b 

±1.33 
0.78bc 
+0.07 

32.15bc 
±1.11 

61.3a 
±1.65 

9.65ab 
±0.26 

22.01a 

±0.62 
69.74a 

±1.36 
5.39a 

±0.36 
33.99ab 

±1.22 
63.19a 
±1.56 

4.99b 
±0.62 

23.18 a 
±0.42 

Cinnamon 
0.15% 

67.01a 

±1.26 
11..37 bc 

±0.16 
30.0c 

±1.36 
61.49a 

±1.36 
8.34b 
±0.38 

19.72b 
±0.85 

66.70b 

±1.75 
6.44a 
±0.32 

34.40a 
±1.18 

59.31b 
±1.11 

6.79a 
±0.78 

22.52 b 

±0.56 
Cinnamon 

0.03% 
68.63a 

±1.32 
10.49c 
±0.01 

31.85c 
±1.13 

61.1a 
±1.86 

8.81b

±0.45 
20.62ab 

±0.72 
57.8b

±1.66 
6.94a 

±0.38 
31.88b

±1.26 
61.94ab 

±1.16 
4.63b 
±0.56 

22.38 b

±0.42 
Cinnamon 

0.3% 
62.7b 

±1.65 
12.31b 
±0.21 

33.4bc 

±1.44 
56.5b 
±1.11 

9.32ab

±0.56 
21.52a

±0.76 
63.93c

±1.88 
6.19a 

±0.42 
33.4ab

±1.32 
55.13c 
±1.32 

7.00a 
±0.68 

21.74 c

±0.32 
Orange 
0.03% 

63.81b 
±1.18 

14.45a 
±0.52 

35.15b 
±1.32 

57.1b 
±1.13 

10.33ab

±0.48 
19.91b

±0.68 
65.85a 

±1.65 
5.06a 

±0.65 
30.63a 

±1.25 
60.08b 
±1.56 

4.41b 
±0.72 

20.76 d 

±0.32 
Orange 
0.15% 

68.36a 
±1.44 

11.90bc 

±0.22 
33.89a 
±1.15 

62.1a 
±1.56 

10.07ab 

±0.55 
22.30a 
±0.82 

67.32a 
±1.74 

6.86a 

±0.35 
33.36ab 

±1.44 
59.76b 

±1.19 
5.95ab 
±0.56 

21.70 c 

±0.23 
Orange 
0.3% 

62.7b 

±1.16 
14.43a 

±0.36 
38.35a 

±1.22 
52.2c 
±1.13 

12.68a 
±0.60 

23.32a 
±0.77 

69.06a 

±1.32 
5.75a 
±0.32 

32.49b 
±1.56 

63.05 a 
±1.36 

4.65b 
±0.66 

22.73 b 
±0.26 

LSD 0.05 1.53149 0.714 1.56 2.06 NS 1.013 1.69 1.88 1.36 1.88 1.36 1.08 
Means in the same column with different letters denote significant difference (a < 0.05).  
Values are mean of triplicate determinations. 
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Organoleptic Properties of Sponge Cake:  
 Ten trained panelists were asked to detect differences between the control samples and those containing 
extracts. The mean scores from the sensory evaluation test showed that, there were no significant differences 
(p≥0.05) in appearance, odor, flavor, and oral- texture and after-flavor tables (5, 6 and 7). 
 
Table 5: Sensory evaluation of cake at zero time storage. 

Attribute Score Control Orange % Cinnamon % LSD at 
0.05  0.03 0.15 0.30 0.03 0.15 0.30 

Appearance 20 17.56 a±1.02 17.5 a ±1.01 17.6 a± 1.02 17.8 a ±0.95 17.3a 0.79 17.9 a ±1.16 17.1a±0.62 0.85 
Crust-darkness 5 4.56 a ±0.74 4.3 a ±0.63 4.6 a ±0.70 4.5 a ±0.74 4.4 a ±0.70 4.3 a ±0.70 4.5 a ±0.71 0.642 

Crumb-darkness 5 4.3 a ±0.79 4.4 a ± 0.71 4.5 a ±0.67 4.4 a±0.52 4.2 a±0.79 4.3 a±0.52 4.2 a±0.63 0.610 
Porosity 5 4.3 a ±0.74 4.3 a ± 0.67 4.5 a ±0.67 4.3 a±0.42 4.2 a±0.63 4.5 a±0.71 4.1 a±0.88 0.627
Moisture 5 4.4ab±0.70 4.5 ab ± 0.53 4.0 b ±0.42 4.6 a±0.63 4.5ab±0.53 4.8 a±0.42 4.3ab±0.67 0.518 

Odour 20 18.2a±1.03 17.8 a ±1.03 17.6 a± 0.84 17.6a±0.97 17.3 a 1.16 18.0 a ±1.03 18.a ±0.99 0.956 
Flavour 20 17.3 a±1.06 17.2 a ±1.03 17.4 a± 1.07 16.7 a ±0.95 16.8a 0.79 17.7 a ±1.16 18.7a±0.99 0.882

Oral-texture 20 17.4 a± 0.84 17.6 a ±0.70 17.3 a± 0.48 17.3 a ±0.48 17.0a 0.63 17.6a±0.63 16.7a±0.69 0.593 
Hardness 5 4.4a ±0.52 4.5 a ± 0.63 4.7 a ±0.48 4.6 a±0.52 4.5a±0.48 4.0 ab±0.47 4.6a±0.67 0.518 

Adhesivene 5 4.2a ±0.0 4.3 a ± 0.0 4.5 a±0.32 4.3 a±0.48 3.5c±0.0 4.1 b±0.0 3.0c±0.0 0.199 
Dissolve 5 4.5ab ±0.72 4.4 ab± 0.43 4.1 b ±0.22 4.3 ab±0.33 4.6a±0.33 4.8 a±0.32 4.7a±0.45 0.512
Moisture 5 4.3ab ±0.50 4.4 ab ± 0.51 4.0 b ±0.32 4.1 b±0.53 4.4ab±0.35 4.7 a±0.24 4.4ab±0.52 0.413 

After flavour 20 18.2 a± 0.60 16.5 a ±050 17.1 a± 1.47 16.6 a ±1.07 16.6a 0.84 18.0 a ±1.17 16.5a±082 1.098 
Bitter-after taste 5 4.6a ±0.32 4.29 a ±0.63 4.2 a ±0.50 4.6 a±0.52 4.5a±0.48 4.0 ab±0.47 4.3ab±0.67 0.191
Sweet -after taste 5 4.5a ±0.01 4.01 a ±0.11 4.4 a ±0.67 3.5 b±0.48 3.0c±0.0 4.5 a±0.0 3.2c±0.0 0.565 
Sourer-after taste 5 4.5a ±0.55 4.1 ab ± 0.33 4.3 ab ±0.65 4.4 ab±0.33 4.6ab±0.33 4.9 a±0.32 4.4ab±0.45 0.215 

Overall 5 4.6a ±0.50 4.1 a ± 0.41 4.2 a ±0.36 4.1a±0.53 4.5a±0.35 4.6 a±0.21 4.7a±0.51 0.711
Values represent means ± standard deviation; n = 15  
Means in the same column with different letters denote significant difference at < 0.05 
 
 
Table 6: Sensory evaluation of cake at 7 days storage. 

Attribute Score Control Orange  % Cinnamon % LSD 
at 0.05 0.03 0.15 0.30 0.03 0.15 0.30 

Appearance 20 16.60 a±1.0 16.8 a ±0.99 16.4 a± 0.96 16.32a±0.91 16.5a ±0.69 17.12a±1.06 16.81a±0.99 0.85 
Crust-darkness 5 4.1a ±0.22 4.3 a ±0.42 4.0 a ±0.35 4.02a ±0.21 4.01 a ±0.32 4.1a ±0.12 4.2 a ±0.16 0.321 

Crumb-darkness 5 4.1 a ±0.35 4.0 a ± 0.62 4.2a ±0.72 4.2 a±0.58 4.06 a±0.50 4.02 a±0.35 4.11 a±0.53 0.416
Porosity 5 4.2 a ±0.64 4.3 a ± 0.67 4.3 a ±0.67 4.3 a±0.62 4.3 a±0.55 4.3 a±0.56 4.2 a±0.68 0.530 
Moisture 5 4.2ab±0.60 4.2 ab ±0.53 3.9 b ±0.42 3.8 b±0.50 4.0ab±0.63 4.7 a±0.65 4.3ab±0.62 0.220 

Odour 20 17.6a±1.11 17.5 a ±1.13 17.2 a± 0.96 17.3a±0.92 17.5 a ±1.01 18.1 a ±0.96 18.1a±0.92 0.822 
Flavour 20 17.0 a±1.00 16.9 a ±1.11 17.0 a± 1.02 16.5 a ±1.05 16.7a 0.59 16.9 a ±1.01 16.7a±0.92 0.882 

Oral-texture 20 16.4 b± 0.82 16.3 b ±0.76 14.1 d± 0.58 14.9 c ±0.68 17.0a 0.73 17.2a±0.86 15.4b±0.59 0.493 
Hardness 5 4.0a ±0.22 3.9 a ± 0.33 3.5 a ±0.40 3.5 a±0.22 3.5a±0.28 3.9 a±0.66 4.0a±0.77 0.361 

Adhesiveness 5 4.0a ±0.04 4.1 a ± 0.03 3.0 c±0.22 3.5 b±0.38 2.88c±0.0 4.1 a±0.02 3.2c±0.01 0.133
Dissolve 5 4.3ab ±0.52 4.1 ab± 0.25 3.8 b ±0.34 4.1 ab±0.11 4.5a±0.22 4.7 a±0.31 4.2ab±0.25 0.325 
Moisture 5 4.1ab ±0.22 4.2 ab ± 0.65 3.8 b ±0.26 3.8 b±0.44 4.2ab±0.61 4.5a±0.22 4.0ab±0.33 0.210 

After-flavour 20 16.9 a± 0.64 16.1a ±0.62 16.3 a± 1.22 15.1 b ±0.99 14.9b ±0.65 16.7 a ±1.0 14.9b±062 0.898
Bitter-after taste 5 4.3a ±0.32 4.2 a ± 0.63 4.0 ab ±0.50 3.5 b±0.52 3.4b±0.48 3.8 ab±0.47 3.8ab±0.67 0.211 
Sweet -after taste 5 4.2a ±0.05 4.09 a ±0.16 4.2 a ±0.27 3.6 b±0.28 3.0c±0.03 4.1a±0.06 3.2c±0.07 0. 522 
sourer after taste 5 4.2a ±0.35 3.8 b ± 0.45 4.1 a ±0.71 4. 2a±0.65 4.3a±0.29 4.5 a±0.55 4.2a±0.22 0.215 

Overall 5 4.2a ±0.26 4.01 a ± 0.15 4.0 a ±0.16 3.8 b±0.53 4.2a±0.35 4.3a±0.21 3.7b±0.51 0.311
Values represent means ± standard deviation; n = 15  
Means in the same column with different letters denote significant difference at < 0.05 
 
Table 7: Sensory evaluation of cake at 15 days storage. 

Attribute Score Control Orange % Cinnamon % LSD
at 0.05 0.03 0.15 0.30 0.03 0.15 0.30 

Appearance 20 15.4a±0.99 15.81a±0.83 16.3 a± 0.82 16.5a ±0.71 15.59a±0.66 16.7 a±0.65 15.9a±0.84 1.03 
Crust-darkness 5 4.0 a ±0.70 4.1 a ±0.63 4.2 a ±0.70 4.0a ±0.47 4.2 a ±0.63 4.4 a ±0.70 4.5 a ±0.71 0.225

Crumb-darkness 5 4.4 a ±0.59 4.3 a ± 0.71 4.4 a ±0.67 4.5 a±0.38 4.0 a±0.66 4.4 a±0.52 4.2 a±0.63 0.532 
Porosity 5 4.0 a ±0.34 4.01 a ±0.29 4.1 a ±0.61 4.2a±0.54 4.09a±0.74 4.3a±0.32 3.9a±0.16 0.312 
Moisture 5 3.0b±0.33 3.4 ab ±0.42 3.6 ab ±0.26 3.8 a±0.24 3.3ab±0.25 3.6 a±0.66 3.3ab±0.44 0.236 

Odour 20 15.1b±1.19 17.0 a±1.06 16.9 a± 0.85 17.0a±0.82 17.2a±1.21 17.4a ±1.11 17.3a ±0.83 0.842 
Flavour 20 15.5c±1.00 16.9 a±1.11 16.7 a± 1.02 16.3b±1.05 16.7a± 0.59 16.7 a±1.16 17.3a±0.99 0.725 

Oral-texture 20 14.9 b±0.52 15.1 b±0.66 13.1 c± 0.55 14.4 b±0.62 13.73b±0.33 15.51b±0.14 16.7a±0.66 0.622 
Hardness 5 3.6a ±0.52 3.4 a ± 0.38 3.0b±0.46 3.0b±0.29 3.2ab±0.22 3.5 a±0.42 3.8a±0.51 0.476

Adhesiveness 5 4.0a ±0.14 4.2 a ± 0.25 3.0 c±0.28 3.3 b±0.58 3.03c±0.06 4.01 a±0.09 3.01c±0.08 0.201 
Dissolve 5 4.0ab ±0.65 3.9 ab± 0.55 3.5 b ±0.44 3.6 b±0.19 4.0ab±0.26 4.3 a±0.21 4.0ab±0.15 0.212 
Moisture 5 3.3ab ±0.22 3.6a ± 0.65 3.6 a ±0.26 3.5 a±0.44 3.5a±0.61 3.7 a±0.24 3.7a±0.52 0.315

After-flavour 20 16.0 a± 0.42 15.39ab±0.6 15.4 ab±0.96 14.5 b±0.77 14.2b 0.52 16.2 a±1.01 15.2ab±0.54 0.721 
Bitter-after taste 5 4.1a ±0.55 4.0 a ± 0.23 3.8ab ±0.30 3.2 b±0.32 3.2b±0.40 3.8 ab±0.41 4.1a±0.17 0.169 

Sweet - after taste 5 4.0a ±0.35 3.99 a±0.36 4.0 a ±0.47 3.8 b±0.68 3.0c±0.13 4.0 a±0.08 3.0c±0.06 0.565 
sourer after taste 5 3.9a ±0.45 3.5 b ± 0.65 3.6 b ±0.76 3. 5b±0.55 4.0a±0.23 4.2 a±0.52 4.0a±0.15 0.215

Overall 5 4.0a ±0.56 3.9 a ±0.19 4.0 a ±0.32 4.0 a±0.51 4.0a±0.18 4.2 a±0.33 4.1a±0.21 0.711 
Values represent means ± standard deviation; n = 15  
Means in the same column with different letters denote significant difference at < 0.05 

 
 On the other hand, significant differences were reported during storage where, odor and flavor of cakes with 
added extracts scored higher than control. Moreover, cakes prepared with cinnamon extracts showed higher 
score at all concentrations.  
 Decreased sensorial values in after flavor namely bitter and sour after taste at high concentrations of 
cinnamon and orange were observed after 7 days or 15 days of storage (p≤0.05). Results showed that very 
comparable scores were recorded among the different samples for each tested sensorial attribute, suggesting that 
the investigated active agents could be advantageously used to control the microbial quality without affecting 
sensorial properties.  
 It is well known that in complex systems such as cakes, several ingredients interact with each other and 
affect the sensory properties (Heenan et al 2010). In principal, changes in sensory quality of cakes during 
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storage can be attributed to changes in physical and chemical factors (Bajwa et al., 2005), which in this study 
were influenced by type and concentration of extracts. However, in all cases the effect was rather small 
compared to the main effect.  
 Physical and sensorial characteristics of cakes were comparable with control samples. The use of such 
natural plant extracts on processed bakery products, however, can act as a “hurdle” or ‘barriers’ that act 
synergistically to inhibit or retard microbial growth. Being effective against the spoilage proliferation, without 
affecting the sensorial properties of the prepared cakes, it is possible to assess that the technique could be 
advantageously used to prolong the shelf life. Results also highlight that the above approach could be scaled up 
to a factory level and combined with other packaging techniques, such as modified atmosphere packaging, to 
reach longer shelf life. 
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