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Table 1 Independent variables and their applied level®fdimization of peroxidase enzyme activity
in celery under effect of a) Golpar essential ndr{ thermal blanching) and b) thermal blanching

variables level

Independent variables x] ) ) Treatment
The time of enzyme activity (second) 60 220 380 L
Essential oil concentration (ppm) 50 125 200 Golpar essential oil
The time of enzyme activity (second) 20 200 380
Blanching temperaturéQ) 85 87.5 90 Thermal blanching
Blanching time (minute) 5 7.5 10
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2. Central Composite Design
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Table 2 Effect of golpar essential oil on peroxidase attignd the percent relative peroxidase activity of
crude extracts of celery

concntration 50 (mg/100 mL) 75 (mg/100 mL) 125 (mg/100 mL) 200 (mg/100 mL)
Crude extract of celery 900 527.8° 477.5° 343.7% 298.75%
Crude extract of celery - 41.38° 46.94° 61.80 66.80

Superscript letters indicate that means with tmeesketters designation in a raw are not signifilyadifferent atP<0.05.
Negative sign mean that proxidase activity incrdasere than blank sample (crude extracts).
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Table 3 Central composite design, coded levels of indepainggriables and actual level of
peroxidase activity of crude extracts of celeryemeffect of golpar essential oil

Independent variables Dependent variable (Response)
Essential oil . o
Treatment  concentration | € time of enzyme Enzyme activity
number XD (xpactivity (absorbance)
1 0 0 0.081
2 1 1 1.417
3 1 -1 0.276
4 0 0 1.03
6 0 0 1.12
7 1 0 0.991
8 -1 -1 0.510
9 -1 1 1.503
10 -1 0 1.066
11 0 1 1.426
12 0 -1 0.292
13 0 0 1.02
S S i e 5 2L, Jde Gl sk 4 IS sla o313 (ANOVA) ibls 5 S S5 S 5 52
Llods 03,51 & Jsd 55 o 5 4 wal i (Sol5 ome L o STy Bl CIed 4 by e T

Table 4 Analysis variance of regression coefficients ofdicted quadratic polynomial models for
predicting peroxidase enzyme activity in celery emeffect of golpar essential oil.

Source DF Sum of squares Mean of F-Value p-Value Coefficient
squares
Model 5 1.88 0.38 152.62 <0.0001 1.05
X1 1 0.026 0.026 10.54 0.0141 -0.066
X, 1 1.78 1.78 721.72 <0.0001 0.54
X1 % X, 1 0.000733 0.000733 0.30 0.6025 0116
Xp % X, 1 0.065 0.065 26.29 0.0014 -015
X1 % X, 1 0.005476 0.005476 2.22 0.1798 037
Residual 7 0.017 0.002466 - -
Lack of fit 3 0.011 0.003555 2.15 0.2361
Pure error 4 0.0066 0.00165 - -
Total 12 1.90 - - -

** significant at 1%? significant at 5%/° non significant

Y4y
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Fig 1 Response surface showing (3D surface and

contour plot) of the effect of different enzymatic

time and golpar essential oil concentration on the

peroxidase enzyme activity
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3. Adjusted R-Squared
4. Lack of fit
5. Contour plot
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Fig 2 Response surface plot of the peroxidase
enzyme activity in celery under effect of a)
different blanching time and temperature (the time
of enzyme activity 200 second) b) different
blanching temperature and different enzyme
activity time (blanching time of 7.5 minute) c)
different blanching time and different enzyme
activity time (blanching temperature of 87()
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Table 5 optimization of different condition for inactivati of peroxidase enzyme activity in celery
under effect of golpar essential oll

. Lower upper upper Lower import Optimum
condition goal limit limit Weight Weight ance condition
Essential oil - 50
concentration minimum 50 ppm 200 ppm 1 1 3
The time of enzyme  minimum 60 380 60
L 1 1 3
activity second second
Peroxidase enzyme . minimum 4 57¢ 1.503 1 1 3 0.467599
activity

Table 6 Central composite design, coded levels of indepainesriables and actual level of
peroxidase activity of crude extracts of celeryemitiermal blanching

Independent variables Dependent variable (Response)
Treatment Blanching BIa_nching The timel qf enzyme
number  (X;) temperature time activity Enzyme activity (absorbance)
(X2) (X3)
1 1 0 0 0.048
2 1 -1 -1 0.048
3 1 1 1 0.049
4 0 0 0.085
2 -1 0 0 0.075
6 1 -1 1 0.052
’ 0 0 1 0.074
8 0 0 0 0.069
9 -1 1 1 0.049
10 0 0 0 0.074
11 0 1 0 0.049
12 0 0 0 0.069
13 1 0 1 0.052
14 0 -1 0 0.070
15 1 -1 1 0.156
16 1 1 1 0.084
17 0 0 0 0.072
18 1 1 -1 0.051
19 0 0 0 0.068
20 0 0 1 0.078

Table 7 Analysis variance of regression coefficients afdicted quadratic polynomial models for
predicting peroxidase enzyme activity in celery emelffect of thermal blanching

Sum of Mean of

Source DF F-Value p-Value Coefficient
squares squares
Model 6 0.0096 0.0016 12.92 <0.0001 0.069**
X4 1 0.003 0.0028 22.79 0.00Q -0.017**
Xs 1 0.0009 0.0009 7.44 0.0172 -0.0096*
X3 1 0.0021 0.0021 16.98 0.00v 0.014**
X1 xXz 1 0.0007 0.0007 5.68 0.0331 0.009375*
X1x X3 1 0.0023 0.0023 18.94 0.0008 -0.017**
X2 x X3 1 0.0007 0.0007 5.68 0.0331 -0.009375*
Residual 13 0.0016 0.0016 -
Lack of fit 8 0.0014 0.0001 4.34 0.0615 -
Pure error 5 0.0002 0.00004 -
Total 19 0.0112

** significant at 1%? significant at 5%/° non significant
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Proxidase enzyme is one of the most important eagyim plant tissues which can bind to hydrogen
peroxide and produce an activated complex, thezefftactivation of the enzyme may increase the
shelf life of raw and un-blanched frozen vegetabNmwvadays, consumer's trend has been oriented to
use fresh products or foods prepared by little @sectherefore producers are interested the ways to
increase shelf life by use of alternative methduishis study the effect of natural essential Gib(par

oil) and thermal blanching on peroxidase enzymdéviactwere investigated and optimization of
peroxidase enzyme inactivation was performed ustsgonse surface methodology. Results showed
that peroxidase activity of celery extracts waseefd by the essential oil and its activity was
reduced. Optimum conditions for non-thermal inaation of proxidase enzyme under effect of golpar
oil were included Golpar concentration 50 ppm, tihee of enzyme activity 60 second and enzyme
activity (absorption) 0.467599. Optimum conditidos thermal inactivation of peroxidase enzyme of
celery were included blanching temperature°@Q blanching time 5 minutes, the time of enzyme
activity 20 second and enzyme activity (absorptido3n52815.

Keywords: Essential oil, Peroxidase enzyme activity, Optaion, Response surface methodology.
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