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Table 1: The exprimental design matrix

C:
A:Temperatur B:Time Enzyme Anthocyanins
Run (c0) (h) concentration NTU Colour (mg/100 gr)

(g.hl)

1 45 5.5 6 5.80 1.019 25.52

2 45 3 5 8/88 1.001 12.20

3 50 0.5 5 12.20 1.008 10.88

4 50 3 6 4.40 1.025 29.75
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5 45 0.5
6 45 3
7 55 3
8 50 0.5
9 50 3
10 50 3
11 55 5.5
12 50 5.5
13 50 5.5
14 55 3
15 55 0.5

(o Y R N e e N e e e

11.80 1.01 10.25
7.20 1.005 22.54
4.95 1.002 54.27
7.70 1.018 14.56
4.90 1.022 28.90
5.20 1.017 26.20
2.40 0.994 50.20
2.90 1.022 35.60
4.22 1.014 28.25
5.80 0.985 42.50
10.80 0.997 17.70
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Table 2: Changes in colour and NTU at the concentration of 7 g/hl

Time BX=7.75 BX=7.00 BX=6.25 BX=5.5 BX=4.75 BX=4.00

min Colourl NTU Colour2 NTU Colour3 NTU Colour4 NTU Colour5 NTU Colour6 NTU
0 0.956 33 0.956 30 0.956 26 0.956 23 0.956 20 0.956 18
3 0.981 30 0.985 28 0.988 22 0.992 20 0.996 17 1 14
6 0.994 22 0.997 19 0.999 16 1.003 14 1.007 12 1.012 10.2
9 1.009 14.8 1.011 13.7 1.014 11 1.017 9.2 1.02 8.5 1.024 7.9
12 1.017 8.8 1.018 6.2 1.022 5.7 1.025 5.2 1.028 4.7 1.03 3.9
15 1.022 3.01 1.024 2.97 1.026 2.92 1.029 2.88 1.031 2.81 1.033 2.7
18 1.023 2.97 1.025 2.95 1.027 2.9 1.03 2.86 1.033 2.79 1.034 2.68
21 1.025 2.94 1.027 291 1.029 2.87 1.032 2.83 1.034 2.77 1.036 2.66
24 1.027 2.9 1.029 2.88 1.03 2.84 1.034 2.8 1.036 2.75 1.038 2.65
27 1.028 2.88 1.031 2.85 1.032 2.8 1.036 2.77 1.038 2.73 1.039 2.63
30 1.03 2.85 1.033 2.83 1.034 2.77 1.038 2.73 1.04 2.71 1.041 2.61

7-Lineweaver-burk
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33 1.031 2.81 1.034 2.77 1.035 2.68 1.039 2.62 1.041 2.58 1.043 2.52
36 1.033 2.75 1.035 2.7 1.037 2.57 1.041 2.51 1.43 245 1.044 2.38
Table 3: Changes in colour and NTU in the concentration of 6 g/hl pectinase enzyme
BX=7.75 BX=7.00 BX=6.25 BX=5.5 BX=4.75 BX=4.00
ime
min Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU
0 0.956 33 0.956 30 0.956 26 0.956 23 0.956 22 0.956 21
3 0.966 30 0.967 27 0.97 23 0.973 19 0.974 17 0.976 17
6 0.975 25 0.976 22 0.981 17 0.986 14 0.987 13 0.989 13
9 0.984 20 0.985 16 0.991 11 0.996 9 0.998 9 1 8.8
12 0.992 16 0.993 11 1.001 8 1.006 7 1.008 6 1.011 8.1
15 1 13 1 8 1.008 6 1.014 6 1.016 5.5 1.019 5.1
18 1.007 11 1.007 6 1.016 5.5 1.022 5.5 1.024 5 1.026 4.6
21 1.013 9 1.014 5.5 1.024 5 1.024 5 1.026 4.5 1.028 4.4
— 24 1.016 7.3 1.017 5 1.028 4.7 1.025 4.5 1.028 4.2 1.03 4.1
Lo
Q
8 27 1.019 6.1 1.02 4.7 1.024 4.4 1.026 4.2 1.03 3.9 1.031 38
O
8 30 1.021 5.1 1.023 4.4 1.027 4.1 1.028 3.9 1.032 3.6 1.032 35
N
c
S 33 1.023 4.3 1.025 4.1 1.03 3.8 1.03 3.6 1.034 33 1.035 3.2
g 36 1.025 4 1.027 3.8 1.031 3.6 1.032 33 1.036 3.2 1.038 3.1
o]
e}
(o]
£
8
5
= Table 4: Changes in colour and NTU at a concentration of 5 g/hl of pectinase enzyme
2
(
BX=7.75 BX=7.00 BX=6.25 BX=5.5 BX=4.75 BX=4.00
Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU Colour NTU
0 0.956 30 0.956 27 0.956 24 0.956 23 0.956 22 0.956 21
3 3 0.963 27 0.965 24 0.966 20 0.968 19 0.969 17 0.969 16
8
— 6 0.97 23 0.973 20 0.974 16 0.976 15 0.977 13 0.977 12
N
N
g 9 0.975 19 0.979 16 0.982 12 0.984 11 0.985 9 0.985 8
‘%‘ 12 0.98 16 0.984 12 0.989 8 0.99 7 0.992 8 0.993 7
(@]
N
N
o
= 50
o
a
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21

24

27

30

33

36

0.985 14 0.989 10.2 0.994 6.9
0.989 12 0.994 8.7 0.999 6
0.993 10.2 0.999 7.8 1.004 5.2
0.997 8.7 1.004 7 1.008 5
1 7.2 1.008 6.2 1.012 4.8
1.003 6.3 1.011 5.6 1.016 4.6
1.006 5.5 1.014 5 1.019 4.4
1.008 4.9 1.016 4.7 1.022 4.3

0.996 6.5 0.998 7 1

1.001 6 1.004 6.5 1.006
1.006 5.5 1.008 5 1.011
1.011 5.1 1.012 4.7 1.015
1.014 4.7 1.016 4.5 1.019
1.017 4.5 1.02 4.3 1.023
1.02 4.3 1.023 4.1 1.026
1.023 4.1 1.026 4 1.029

5.4

4.6

4.2

4.1

3.9
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Table 5: The optimal values obtained

Temperatur Anthocyani
pe 4 time dose NTU  Color n Desirability
(mg/100gr)
54.99 5.49 699  3.051 0.99 53.97 0.96

Factor Coding: Actual
Overlay Plot

Owverlay Plot NTU: 305148
Anthocyanin(mg/100g 53.9674

X1 55
~NTU X2 549997

Anthocyanin(mg/100gn
X1 = A s —]
X2 = B

Actual Factor

C = 6.99999
NTU: 4

|Anthocyanir\(n’\g/‘|009r): 30|

B time fhj
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Figure 9: The optimal range obtained
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This study aims to optimize the activity and investigate the kinetics of the
pectinase enzyme (EC 3.2.1.15) in clarifying black carrot juice. For this
purpose, the effect of independent factors, including different concentrations
of pectinase enzyme (5,6, and 7 gr/hl), brix (4, 4.75, 5.5, 6.25, 7, and 7.75
°Brix), time (0.5, 3, and 5.5 h), and temperatures (45, 50, and 55 °C) were
investigated for the clarification and characteristics of black carrot juice. For
this purpose, optimal conditions were determined based on the maximum
amount of color, the minimum amount of turbidity and the maximum amount
of anthocyanin and the Box—Behnken statistical design. The greatest effect
of the pectinase enzyme occurred in the first fifteen minutes. The change
graph was linear in this period and followed an almost constant trend. The
rate of turbidity decrease after this period followed a downward trend and
decreased very slightly but did not stop. Also, the greatest effect of the
pectinase enzyme in increasing color occurred in the first twelve minutes. In
this period, the graph was linear and then the change trend was very slow.
Based on the results, the effect of temperature, time and enzyme
concentration on turbidity reduction was significant (p<0.05) and also the
effect of temperature and time on turbidity reduction was exponential or
quadratic. The effect of process time on color changes was not significant,
but the effect of time and enzyme concentration on the increase of color was
significant and quadratic, and increasing the temperature from 45 to 50 °C,
the color intensity increased, and increasing the temperature to 55 C, the
color intensity decreased. The effect of all three studied factors on the
amount of anthocyanin was significant and the amount of anthocyanin
increased with increasing temperature, time and enzyme concentration. The
optimal point of clarification was obtained at a concentration of 7 g/hl, a time
of 5.5 h and a temperature of 55 °C. The general conclusion showed that the
optimal conditions obtained had a positive effect on the qualitative
characteristics of the product.
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