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1. Response Surface Methodology
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2. High Performance Liquid Chromatography

Table 1 Independent variables and their levels
used in the response surface design of ultrasound

stage
Independent Factor
variables Level
-1 0 1
Seed:Water ratio 10 15 20
Temperature 55 65 75
Time 20 30 40

Table 2 Independent variables and their levels
used in the response surface design of extraction

stage
Independent Factor
variables Level
-1 0 1
Power 200 300 400
Temperature 25 325 40
Time 15 225 30
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6.Coefficient of variance
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Table 3 BBD design of extraction stage

Standard A B C Actual Predicted  Residual
order (°C) (min) value value
1 1:10 55 30 2.136 2.18588  -0.04988
2 1:15 65 30 2.624 2.5878 0.0362
3 1:20 65 40 2.825 2.81025 0.01475
4 1:10 75 30 3.084 3.02888 0.05512
5 1:15 75 20 2.736 2.77638  -0.04038
6 1:20 65 20 2459 24685 -0.0095
7 1:15 55 40 2.370 2.32963 0.04037
8 1:10 65 20 2335 234975  -0.01475
9 1:15 55 20 2.151 2.08638 0.06462
10 1:15 65 30 2.644 2.5878 0.0562
11 1:10 65 40 2.651 2.6415 0.0095
12 1:15 65 30 2.595 2.5878 0.0072
13 1:15 65 30 2.553 2.5878 -0.0348
14 1:20 55 30 2354 240913  -0.05513
15 1:15 65 30 2.523 2.5878 -0.0648
16 1:20 75 30 3.143 3.09313 0.04987
17 1:15 75 40 3.102 3.16662  -0.06462
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Table 4 BBD design of ultrasound stage

Standard A B C Actual Predicted Residual
order W) (°0O) (min) value value

1 400 325 30 3.748 3.76363  -0.01563
2 300 25 15 3.305 3.32563  -0.02063
3 400 25 22.5 3.582 3.57375 0.00825
4 400 40 22.5 3.698 3.703 -0.005

5 300 25 30 3.504 3.49662 0.00738
6 300 40 15 3.392 3.39938  -0.00738
7 300 40 30 3.628 3.60738 0.02062
8 300 325 22.5 3476 34626 0.0134
9 200 40 22.5 3.153 3.16125  -0.00825
10 300 325 22.5 3451 34626 -0.0116
11 200 325 15 3.085 3.06938 0.01562
12 300 325 22.5 3.482 34626 0.0194
13 200 25 22.5 3.111 3.106 0.005

14 200 325 30 3.216 3.22837 -0.01237
15 400 325 15 3.556 2.54363  0.01237
16 300 32.5 22.5 3.480 34626 0.0174

17 300 325 22484 3.424 34626 -0.0386
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Table 5 Analysis of Variance (Extraction stage)

Source Sum of squares df Mean square F-value P-value
Model 145 9 0.16 33.96 <0.0001
A — Seed to water 0.041 1 0.041 8.71 0.0214
B - Temperature 1.17 1 1.17 245.73 <0.0001
C - Time 0.20 1 0.20 42.29 0.0003
AB 0.006320 1 0.006320 1.33 0.2863
AC 0.0006250 1 0.0006250 0.13 0.7274
BC 0.005402 1 0.005402 1.14 0.3214
A’ 0.005041 1 0.005041 1.06 0.3370
B 0.014 1 0.014 2.87 0.1342
C 0.013 1 0.013 2.67 0.1460
Residual 0.033 7 0.004745
Lack of fit 0.023 3 0.007760 3.13 0.1499
Pure error 0.009931 4 0.002483
Total 148 16
R’ 0.9776
Adj-R’ 0.9488
CvV 2.64
PRESS 0.39
Standard deviation 0.069
Adequate precision  20.448

Table 6 Analysis of Variance (Ultrasound stage)

Source Sum of squares df Mean square F-value P-value
Model 0.62 9 0.069 109.07 <0.0001
A — Power 0.51 1 0.51 806.34 <0.0001
B - Temperature 0.017 1 0.017 26.93 0.0013
C - Time 0.072 1 0.072 113.65 <0.0001
AB 0.001369 1 0.001369 2.17 0.1845
AC 0.0009303 1 0.0009303 147 0.2644
BC 0.0003422 1 0.0003422 0.54 0.4857
A’ 0.019 1 0.019 29.29 0.0010
B 0.0004467 1 0.0004467 0.71 0.4283
C 0.0001032 1 0.0001032 0.16 0.6982
Residual 0.004423 7 0.0006319
Lack of fit 0.001940 3 0.0006467 1.04 0.4649
Pure error 0.002483 4 0.0006208
Total 0.62 16
R 0.9929
Adj-R* 0.9838
Ccv 0.73
PRESS 0.035
Standard deviation 0.025
Adequate precision  36.009
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Fig 1 3D response plots of extraction variables

7. 3D response surface plots
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Gums are polysaccharides that mostly originated from plant and microbial sources and they are widely
used in food and pharmaceutical industries as thickening, gelling, stabilizer and emulsifier. Plantago
major L. is a plant that sorted in Plantaginaceae family which have been used for a long time as an anti-
infective, immune-modulating, antioxidant and also wound-curing purposes. Response Surface
Methodology (RSM) and Box-Behnken design was used to optimize the ultrasound-assisted extraction of
Plantago major seed gum process. Optimization was done at two stages: Ultrasound stage with three
variables: ultrasonic power (200 — 400W), ultrasonic temperature (25 - 40°C) and ultrasonic time (15 — 30
min) and Extraction stage with three variables: seed:water ratio (1:10 — 1:20), extraction temperature (55 -
75°C) and extraction time (20 — 40 min). The results indicated that ultrasonic power of 400W, ultrasonic
temperature of 35°C and ultrasonic time of 30 min, seed:water ratio of 1:20, extraction temperature of
75°C and extraction time of 40 min were the optimum conditions for extraction process. After extraction,
purification and optimization, the chemical composition of the resulted gum including moisture, ash,
protein and carbohydrate were evaluated. The results demonstrated that the gum consisted of 6.20%
moisture, 3.23% ash, 2.03% protein and 88.47% carbohydrate. The monosaccharide composition analysis
of this gum by HPLC indicated that the main monosaccharide constituents were arabinose (56.72%) and
rhamnose (21.84%).

Key Words: Gum extraction, Ultrasound pre-treatment, Plantago major L. seed, Response Surface
Methodology (RSM)
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