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Response surface methodology was used to investigate clarification characteristics (turbidity, brown
color, soluble solid, total sugar and reducing sugar) of enzyme in pomegranate extract. Enzyme was
treated at 16 conditions including independent variables of temperature (35~55°C), time (30~70
min) and concentration (0.02~0.10%) based on central composition design. Turbidity was decreased
with increase of enzyme concentration, and the minimum value of turbidity was 0.04 (OD) when
0.08% enzyme was treated at 37.99°C for 60.90 min. Total sugar was affected by all treatment con-
ditions and the maximum value was 8.37% when 0.03% enzyme was treated at 39.28°C for 42.04
min. Reducing sugar and soluble solid were largely affected by enzyme concentration, and the
maximum value of reducing sugar was 7.22% when 0.02% enzyme was treated at 42.96°C for
46.21 min. The maximum value of soluble solid was 8.13% when 0.02% enzyme was treated at

46.91°C for 42.13 min.
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Table 1. Level in enzyme treatment condition of pomegranate extract
Treatment conditions 2 -1 0 1 2
X, Treatment temp. (°C) 35 40 45 50 55
X, Treatment time (min) 30 40 50 60 70
X, Enzyme concentration (%) 0.02 0.04 0.06 0.08 0.10

Table 2. Experimental data on turbidity, brown color, soluble solid, total sugar and reducing sugar of pomegranate extract on enzyme

treatment
Enzyme treatment conditions” . .
Exp. No. Tom T E Turbidity Brown color Soluble solid Total sugar ~ Reducing sugar
p. me nzyme conc. (OD) (OD) (%) (%) (%)
O (min) (%)

1 50 60 0.08 0.090 0.400 7.65 631 5.23
2 50 60 0.04 0.152 0.469 7.76 6.98 6.48
3 50 40 0.08 0.088 0.404 6.96 5.74 5.22
4 50 40 0.04 0.086 0.453 7.85 5.79 5.29
5 40 60 0.08 0.064 0.396 7.47 5.82 5.22
6 40 60 0.04 0.099 0.435 7.81 628 5.51
7 40 40 0.04 0.098 0.473 7.75 8.04 7.00
8 40 40 0.04 0.107 0476 7.79 8.07 7.05
9 45 50 0.06 0.086 0.405 7.62 6.41 5.79
10 45 50 0.06 0.076 0.409 7.65 6.88 5.85
11 55 50 0.06 0.094 0.430 7.85 6.35 5.42
12 35 50 0.06 0.063 0.428 7.38 6.76 5.28
13 45 70 0.06 0.096 0.443 7.26 6.23 5.24
14 45 30 0.06 0.067 0437 7.44 6.06 571
15 45 50 0.10 0.069 0.399 6.93 6.13 543
16 45 50 0.02 0.151 0.548 8.02 8.22 7.30

?The number of experimental conditions by central composite design
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Fig. 1. Response surface for turbidity of pomegranate extract at
constant values (turbidity: 0.12, 0.13, 0.16 OD) as conditions of
treatment temperature, time and enzyme concentration.
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Fig. 2. Response surface for brown color of pomegranate extract at
constant values (brown color: 0.40, 0.43, 0.46 OD) as conditions of
treatment temperature, time and enzyme concentration.
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Table 3. Polynomical equations calculated by RSM program of turbidity, brown color, soluble solid, total sugar and reducing sugar of

pomegranate extract on enzyme treatment condition

Response Second order polynomicals® R? Significance
Turbidity Y = 0.441000 - 0.007758X, — 0.007083X, — 0.991 667X, 0.000025000X * + 0.000228X,X, 0.9220 0.0103
(OD) +0.000001250X,* + 0.003333X.X, ~0.044583X,X, + 18.125000)(32 ’ ’
Brown color Yge = 1639596 - 0.027012X, - 0.016372X, — 5.603526X + 0.000220)(12 +0.000175X,X, 0.9575 0.0018
(OD) + 0.000082500X32 ~0.023141X,X, +0.000929X,X, + 41 .562500)(32 ’ ’
Soluble solid Y =7.529423 + 0.025388X, + 0.031123X, — 43.570513X, - ().()()0200)(12 +0.000016026X,X, 0.8698 0.0414
(%) - 0.000713)(22 +0.112179X,X, + 0.743590X,X,, — 100.000000)(32 ’ ’
Total sugar Y = 36.085000 — 0.612000X, — 0.404375X, — 135.000000X,, — 0,000900)(12 +0.011400X,X, 09118 0.0145
%) ~0.001250X,> + 1.425000X,X, +0.200000X,X, + 331 250000X ’ ’
Reducing sugar Yy = 19.011154 - 0.075526X, — 0.341747X, — 50.733974X; 0.004700)(12 +0.009518X,X, 0.9003 0.0203
(%) - 0.000862X, + 0.050641X,X, - 0.249679X X, + 340.625000X32 ’ ’

9X ,: Temperature (°C), X,: Time (min), X;: Enzyme concentration (%)
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Table 4. Regression analysis for regression model of turbidity, brown color, soluble solid, total sugar and reducing sugar of pomegranate

extract for enzyme treatment condition

F-Ratio
Extraction conditions -
Turbidity (OD) Brown color (OD) Soluble solid (%) Total sugar (%) Reducing sugar (%)
X, Treatment temp. (°C) 3.80* 1.48 0.64 5.63** 3.66*
X, Treatment time (hr) 3.79* 2.48 1.96 4.56** 3.48*
X, Enzyme concentration (%) 11.88%** 29.36%** 8.63%** 4.84** 5.19%*
*Significant at 10% level, **Significant at 5% level, ***Significant at 1% level
Table S. Predicted level of treatment conditions for the minimum responses of variables by the ridge analysis
Responses X2 X, X9 Estimated responses Morphology
- 37. . . .04 (mi
Turbidity (OD) % 60-90 0.08 0.04 (min) saddle
47.90 59.35 0.03 0.17 (max)
4547 50.68 0.08 0.39 (min) ..
Brown color (OD
r(OD) 45.63 49.58 0.02 0.53 (max) finimum
Soluble solid (%) 374 3766 0.09 664 (min) saddle
39.94 43.03 0.03 8.13 (max)
51. 5 . 4. i
Total sugar (%) 77 35.55 0.07 89 (min) saddle
46.91 42.13 0.02 8.11 (max)
. 38.63 64.60 0.07 4.28 (min)
d 3 0,
Reducing sugar (%) 4296 46.21 0.02 7.22 (max) saddle

PTemperature (°C), ®Time (min), “Enzyme concentration (%)
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Fig. 3. Response surface for soluble solid of pomegranate extract at
constant values (soluble solid: 7.3, 7.6, 7.9 %) as conditions of
treatment temperature, time and enzyme concentration.
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Fig. 4. Response surface for total sugar of pomegranate extract at
constant values (total sugar: 7.0, 7.5, 8.0 %) as conditions of
treatment temperature, time and enzyme concentration.
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Fig. 5. Response surface for reducing sugar of pomegranate extract
at constant values (total sugar: 6.0, 6.5, 7.0 %) as conditions of
treatment temperature, time and enzyme concentration.
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Fig. 6. Superimposed response surface for optimization of turbidity
(0.12 OD) and brown color (0.43 OD) in clarification of
pomegranate extract by enzyme.

Table 6. The range of optimum condition for minimum response
variables by superimposing response surfaces of turbidity and
brown color of pomegranate extract for enzyme treatment condition

Enzyme treatment condition Range of predicted condition

Temperature (°C) 45~50
Time (hr) 50~60
Concentration (%) 0.06~0.08
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