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Table 1 Independent variables and their applied
levels for optimizing peroxidase enzyme activity
in apple fruit under effect of different essential
oils

Variables level

Independent variables

-1 0 +1
The time of enzyme activity 40 220 400
(second)
Essential oil concentration (ppm) 0 100 200

The -1, 0 and +1, represents the low, intermediate and
upper limit of independent variables
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3. Design Expert, 6.0.2 Trial, Stat-Ease Inc.
4. Central Composite Design
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Fig 1 Effect of a) Clove b) Cumin and c) fennel
essential oils on peroxidase enzyme activity in apple
fruit
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Table 2 Central composite design, Actual levels of independent variables and peroxidase activity of crude
extracts of apple fruit under effect of different essential oils.
Actual dependent variable Predicted dependent variable

Independent variables

(Response) (Response)
The time Enzyme activity (Absorbance) Enzyme activity (Absorbance)
Treatment Essential oil enzoyfme ; ;
Concentration I Clove Cumin Fennel Clove Cumin Fennel
number (ppm) (X1) Activity essential essential essential essential essential essential
(second) oil oil oil oil oil oil
(X2)

1 100 220 0.268 0.268 0.268 0.278 0.270 0.270
2 100 40 0.099 0.090 0.119 0.108 0.091 0.120
3 100 220 0.281 0.281 0.281 0.290 0.282 0.282
4 100 220 0.113 0.101 0.130 0.120 0.101 0.130
5 0 40 0.280 0.280 0.280 0.284 0.278 0.278
6 100 220 0.108 0.099 0.127 0.114 0.098 0.127
7 200 220 0.087 0.090 0.100 0.193 0.088 0.098
8 200 40 0.095 0.099 0.109 0.205 0.099 0.109
9 200 400 0.093 0.095 0.104 0.199 0.095 0.106
10 0 400 0.092 0.096 0.105 0.199 0.095 0.106
11 100 220 0.091 0.095 0.106 0.199 0.095 0.106
12 0 220 0.890 0.094 0.107 0.199 0.095 0.106
13 100 400 0.089 0.094 0.106 0.199 0.095 0.106

Table 3 Analysis variance of regression coefficients of predicted quadratic polynomial models for predicting

peroxidase enzyme activity in apple fruit under effect of different essential oils.

Essential

Sum of

Mean of

. Source DF F-Value p-Value  Coefficient
oil squares squares
Model 2 0.043 0.022 0.40 0.6830 0.20™
X1 1 0.043 0.043 0.79 0.3954 -0.085™
X2 1 0.0002043 0.0002043 0.003728  0.9525  0.005833™
Clove Residual 10 0.55 0.55 - - -
Lack of fit 6 0.037 0.006203 0.049 0.9988 ns
Pure error 4 0.51 0.13 - - -
Total 12 0.59 - - -
Model 5 0.076 0.015 5501.36 < 0.0001 0.095"
X1 1 0.048 0.048 17562.76 < 0.0001 -0.090"
X2 1 0.0001815 0.0001815 65.83 <0.0001 0.0055"
X1 x X1 1 0.024 0.024 8603.52  <0.0001 0.093"
Cumin X2 x X2 1 0.00001496 0.00001496 5.43 0.0526  -0.00233™
X1 x X2 1 0.000001 0.000001 0.36 0.5660 -0.0005 ™
Residual 7 0.0000193 0.000002757 - - -
Lack of fit 3 0.0000165  0.0000054996 7.86 0.0375 :
Pure error 4 0.0000028 0.0000007 - - -
Total 12 0.076 - - -
Model 5 0.0638961 0.012779215 5262.03  <0.0001 0.117
X1 1 0.0342015 0.0342015 14082.97 < 0.0001 -0.076"
X2 1 0.0001815 0.0001815 7473529 < 0.0001 0.0055"
X1 % X1 1 0.0257195 0.025719548 105904 < 0.0001 0.097"
Fennel X2 x X2 1 0.00001726  0.0000172619  7.107843 0.0322 -0.0025"
X1 x X2 1 0.000001 0.000001 0.411765 0.5415 -0.0005 ™
Residual 7 0.000017  0.00000242857 - - -
Lack of fit 3 0.0000118 3.93333E-06 3.025641 0.1564 ns
Pure error 4 0.0000052 0.0000013 - - -
Total 12 0.0639131 - - -

VY

™ significant at 1%, ~ significant at 5%, ™ non significant
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Fig 3 The optimum conditions for inactivation of
peroxidase enzyme activity in apple fruit under
simultaneous effect of different concentration of a)
Clove b) Cumin and c) fennel essential oils and enyme
activity time
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Fig 2 3D surface of the simultaneous effect of different
concentration of a) Clove b) Cumin and c) fennel
essential oils and enyme activity time on peroxidase
enzyme activity in apple fruit
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Fruits and vegetables are perishable products due to their high water content and
high enzymatic activity, and large amounts of them are deteriorated each year
before consumption. Different methods such as the use of heat or chemical
preservatives are common to reduce food waste, but increasing consumer demand
for fresh or minimal processed foods has led to increased research for finding
alternative preservation methods. In this study, the ability of clove, cumin and
fennel essential oils (concentrations of 50, 75, 100 and 200 ppm) in reducing
peroxidase enzyme activity (as one of the main factors of biochemical
deterioration) in apple fruit was investigated. Clove essential oil in pure state and
in concentrations of 100 and 75 ppm reduced 66.67% of the peroxidase enzyme
activity while concentrations of 200 and 50 ppm of clove essential oil reduced
62.97 and 48.15% of the peroxidase enzyme activity in apple fruit respectively.
Cumin essential oil in all applied concentrations led to a 66.67% reduction in
peroxidase enzyme activity in apple fruit samples. Also, the use of concentrations
of 100, 75 and 50 ppm of fennel essential oil has reduced 62.97% of peroxidase
enzyme activity in apple fruit samples, while increasing the fennel essential oil
concentration reduces its inhibitory effect on peroxidase enzyme activity so that
the application of pure state and concentration of 200 ppm of fennel essential oil
reduced 18.52 and 55.56% of peroxidase enzyme activity in apple fruit,
respectively. The results of response surface optimization method showed that the
lowest peroxidase enzyme activity for clove, cumin and fennel essential oils were
obtained in essential oil concentration and enzyme activity time of 200 ppm and
40 seconds for clove essential oil, 146 ppm and 112 seconds for cumin and 130
ppm and 183 seconds for fennel essential oil respectively.
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