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Table 1 Independent variables and their
applied levels for optimizing peroxidase

enzyme activity in courgette under effect of
different essential oils

Variables level

Independent variables

-1 0 +1
The time of enzyme activity (s) 0 200 400
Essential oil concentration (ppm) 0 100 200
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1. Central Composite Design



Vi J]Jﬁc\/\ e)j)c\\f, e)L«...:

SRS ol 8 g wlS (Cde) el G
I s g ) i V"w"j PO { KW RGN PR
ol 03 Bl e 5 eyl Sl Sl ediS Cmles LS 5

[YE=Y0] sl 108 Jl 5, 5
PSR- RUNI PR P RCH PE P KW JPUR O [PERCH
IYV s VA=Y ] il odd ol 50 il Oladlas s
oS xmils Oly a5 55 (YY) Jhls 5 sl SLals
0 (sl 36 3l e Jamn 05ST L 0 S 5 L La il
JJLSCA‘)JJ?MS‘J{V{‘JJTCQMW)JJGJHQ&JJT
Coailen Sl 50 cpdiee le Slidow [YE] Cls ciylae
G gl dyge 45 Aas e DL 1) alS sl bl 5

¢ Crude courgette extract #Pure Cumin ~ Cumin 200 (ppm) - Cumin 100 (ppm) * Cumin 75 (ppm) @ Cumin 50 (ppm)

3 53 Sl e 043 oS ey e Ll 0L
A Sl Ol (o 3T gl lad 05 (S 5 o 3
IYE-Y0] das o OLES | glamanl Js3 5 i L i s,
55 Sl asie ¥ IS5 (C2 5 C) iy 53 oS 55boles
sl b Ol Rl b oS ulul ool chle
e 4 Ll e S Lo I STy T el
B R R 0
Olos eVl 53 o Gl S als Sl 55 ol
(o) o3l dlad o iy o St oy 5T e
SOl 3 353 0 odalie oS Hsboles 555 e edalie
G e S Luilol clle B el (2T 4l
BEREYR RS KWOC SRRt CN [P g o A P GO SN
oll SV glaclile 5 5 Vb el b glaols
Gloggd 2SIy 3l lames 05nSTL (ld DS S 5 s &
STy 5Tl i 53 5 0 Clen e 5T O

FRCINUI OV INCIN| P PSRt A F T ) B INVENP AN

 Crude courgette extract @Pure Fennel = Fennel 200 (ppm) - Fennel 100 (ppm) * Fennel 75 (ppm) o Fennel 50 (ppm)|

0.8

0.7 4

0.6

.
. e
o
-
-

0.5 1
0.4 4 ¥

034 .

peroxidase enzyme activity (Absorbance)

100 150 200 250 300 350 400 450

Activity time (5)

peroxidase enzyme activity (Absorbance)

0.9

0.8
. .
0.7 . U . *
. X b

o, x .

0.6 o X L. : . !
. ¥ : M | ]
0.5 . i ]
. X ¥ L]
04 e x g *®
o X &
o« & "
H
0.3 . ¥
02 H '
$
o1 w "
X
0 T T T T T T T T
0 50 100 150 200 250 300 350 400 450

Activity time ()

[ Crude courgette extract = Pure Clove  Clove 200 (ppm)

Clove 100 (ppm)

¥ Clove 75 (ppm) o Clove 50 (ppm) |

0.7
L.
0.6 .
> .
.
.
. .
0.5 Lt 5 0 (i
- o . .
< . U I .
0.4 b x ® ]
.
. s . n
.
. . L -
. . i .
F L
o
02 0 4
- L X
2 o O
X
0.1 5 0
00
0 50 100 150 200 250 300 350 400 450

Activity time (s)

Fig 1 Effect of a) Cumin b) fennel and c) Clove essential oils on peroxidase enzyme activity in courgette extract
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Fig 2 3D surface of the simultaneous effect of different concentration of a) Cumin b) and fennel c) Clove
essential oils and enyme activity time on peroxidase enzyme activity in courgette
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Table 2 Central composite design, actual levels of independent variables and peroxidase activity of
crude extracts of courgette under effect of different essential oils.

. Actual dependent variable Predicted dependent variable
Independent variables
(Response) (Response)

Treat t Essential oil "l;he time Enzyme activity or Absorbance Enzyme activity or Absorbance
reatment - o o centration O, onYMe Cumin Fennel Clove Cumin Fennel Clove
number Activity . . . . . )

(X1) (ppm) essential  essential  essential  essential  essential  essential
(X2)(5) oil oil oil oil oil oil
1 100 200 0.049 0.049 0.049 0.046 0.051 0.087
2 0 400 0.03 0.040 0.020 0.025 0.041 0.048
3 0 0 0.623 0.623 0.623 0.626 0.626 0.611
4 100 0 0.655 0.642 0.378 0.657 0.644 0.355
5 200 0 0.432 0.432 0.432 0.432 0.428 0.406
6 100 200 0.433 0.435 0.264 0.437 0.432 0.259
7 100 200 0.06 0.050 0.070 0.069 0.048 0.004
8 200 200 0.68 0.641 0.384 0.675 0.637 0.419
9 100 200 0.471 0.435 0.262 0.468 0.432 0.269
10 100 400 0.469 0.430 0.265 0.468 0.432 0.269
11 200 400 0.469 0.432 0.263 0.468 0.432 0.269
12 100 200 0.468 0.429 0.264 0.468 0.432 0.269
13 0 200 0.467 0.428 0.261 0.468 0.432 0.269

Table 3 Analysis variance of regression coefficients of predicted quadratic polynomial models for
predicting peroxidase enzyme activity in courgette under effect of different essential oils.

Esseptlal Source DF Sum of Mean of F-Value p-Value Coefficient
oil squares squares
Model 2 0.593599 0.11872 4611.511 <0.0001  0.468034
X1 1 3.27x107 3.27x107 1.268892 0.2971 0.002333
X2 1 0.55146 0.55146 21420.71  <0.0001  0.303167
X1 x X1 0.003122 0.003122 121.2667 < 0.0001 -0.03362
Cumin X2 x X2 0.025518 0.025518 991.202 < 0.0001 -0.09612
X1 % X2 0.00065 0.00065 25.25806 0.0015 0.01275
Residual 10 0.00018 2.57x107 - - -
Lack of fit 6 0.000171 5.71x107 25.97118 0.0044 -
Pure error 4 8.8x10°° 2.2x10°® - - -
Total 12 0.59378 - - - -
Model 5 0.547217 0.109443 7659.274  <0.0001  0.432138
X1 1 2.82x10° 2.82 x107 1.971214 0.2031 0.002167
X2 1 0.520382 0.520382 3641833 < 0.0001 0.2945
X1 x X1 1 1.09%x10° 1.09 x107 0.759883 0.4123 -0.00198
Fennel X2 x X2 1 0.022363 0.022363 1565.04 < 0.0001 -0.08998
X1 x X2 1 0.000196 0.000196 13.71685 0.0076 0.007
Residual 7 0.0001 1.43 x107 - - -
Lack of fit 3 6.92x10° 2.31x107° 2.996666 0.1583 -
Pure error 4 3.08x10° 7.7 x10° - - -
Total 12 0.547317 - - - -
Model 5 0.3177 0.06354 4733027 <0.0001  0.269138
X1 1 0.032561 0.032561 24.25413 0.0017 -0.07367
X2 1 0.258753 0.258753 192.7424  <0.0001  0.207667
X1 x X1 1 0.011143 0.011143 8.300119 0.0236 0.063517
Clove X2 x X2 1 0.009126 0.009126 6.797923 0.0351 -0.05748
X1 x X2 1 0.011664 0.011664 8.688401 0.0215 -0.054
Residual 7 0.009397 0.001342 - - -
Lack of fit 3 0.009387 0.003129 1251.648 < 0.0001
Pure error 4 0.00001 2.5%10% - - -
Total 12 0.327097 - - - -

" significant at 1%, ~ significant at 5%, ™ non significant
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Fig 3 The actual versus predicted value for
peroxidase enzyme activity under effect of a)
cumin b) fennel and c) clove essential oil
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Increasing consumer awareness of the dangers of chemicals and the effect of heat
treatment on the foods nutritional value, lead to increase of the demand for the
production and use of fresh or minimaly processed foods. In this study, the ability of
cumin, fennel and clove essential oils (concentrations of 50, 75, 100, 200 ppm and
pure form) in non-thermal inactivation of courgette peroxidase enzyme were
investigated. The results showed that only pure form and concentration of 200 ppm of
cumin essential oil and also pure form and high concentrations (100 and 200 ppm) of
fennel essential oil were able to reduce the peroxidase enzyme activity in courgette
but using concentrations of 50 and 75 ppm of fennel essential oil leads to increase
peroxidase enzyme activity. Clove essential oil in all studied concentrations reduced
the peroxidase enzyme activity, which indicates the ability of clove essential oil to
react with oxygen and inhibit the reaction of enzyme peroxidase and polyphenol
oxidase (enzymatic browning reaction). The best conditions for inactivation of
peroxidase enzyme under the influence of cumin essential oil included a
concentration of 194.5 ppm essential oil and an enzymatic activity time of 0.02
seconds, while the optimal conditions for achieving the lowest peroxidase activity
included using 200 ppm fennel essential oil and enzyme activity time of 0 second,
and 200 ppm of clove essential oil and enzymatic activity time of 1.7 second.
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