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5. Response surface Methodology
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3. Eremurus
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6. Ball mill
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Table 1 Independent variables and their levels
used in the response surface design of Serish
roots gum extraction

Independent Unite Coded factor
variables level
-1 0 +1
Time (A) h 1 2.5 4
Temperature (B) °C 30 55 80
Water: solid (C) glg 50 75 100
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8. Response Surface Methodology
9. Central composite design
10. Run
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Table 2 Central composite design applied for the independent variables in Serish roots gum extraction

Stgf(;l;rd Standard run Temperature (°C) Time (h) Wat(egr/:gs)ohd
1 4 80 2.5 75
2 11 30 4 50
3 14 80 1 50
4 15 30 4 100
5 9 30 1 50
6 20 30 1 100
7 7 80 4 100
8 8 55 2.5 50
9 16 55 2.5 75
10 2 55 4 75
11 18 55 2.5 75
12 13 55 2.5 75
13 1 55 2.5 75
14 10 55 1 75
15 19 55 2.5 75
16 17 55 2.5 75
17 5 80 1 100
18 3 30 2.5 75
19 80 4 50
20 12 55 2.5 100
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11. Lack of fit
12. Coefficient of variation
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Table 1 Analysis of variance for the fitted models to the response variables of Serish roots gum extraction

Source Vioosity (mPas) Extraction yidd ¢/o) Solubiity
Sum
Sumof Men Sumof Men Memn
DF F-Valx valh DF F-Vale valie DF of F-Vale valie
que  Squre e pvakie que  Squre ps Square ps
mean 1 04 04 - - 1 83867 8386 - - 1 462 4622 - -
Linear 2 00093 00031 052 06765 3 82 2437 2142 <00001 3 14838 4946 1246 00002
2K 3 002 00072 129 03268 3 1068 35 755 00051 3 1526 509 137 02952
Quadratic 3 0058 0019 3524 <00001 3 338 113 5 00305 3 3181 106 645 00105
Cubic 3 0003 0001 378 0093 3 0.6 02 083 05319 4 613 153 089 0525
Residual 5 00013 00002 - - 5 12 024 - - 6 103 172 - -
Total 18 049 0027 - - 18  &9% 4664 - - 20 4834 241 - -
Table 2 ANOVA and regression coefficients of the second-order polynomial model for the response
variables of Serish roots gum extraction
Source Visosity (mPas) Extraction yiekd o) Saubiity
Sum Sum Sum
DF o Men FVaie  pabe  DF of M B pube  DF of M poie  puike
square ! squae ! squae !
Model 9 0089 00098 1809 00002 9 8688 965 P <00001 9
Linear
A 1 00091 00091 1672 00035 1 3501 3501 15523 <00001 1 38 3 233 01582
B 1 00013 00013 253 0.1506 1 04 04 176 02209 1 23587 23587 87 0(I<X)1
C 1 000046 000046 086 03818 1 3759 3759 1668 <00001 1 869 869 529 00443
Interactin
AB 1 0031 0031 5658 <00001 1 00025 00025 0011 09183 1 851 851 5.18 0046
AC 1 0023 0023 417 00002 1 508 508 252 00015 1 087 087 053 04832
BC 1 0ms 0ms 4576 00001 1 687 687 3049 00006 1 588 588 358 00877
Quadratic
A 1 003 003 5526 <00001 1 028 028 124 02983 1 2124 2124 1293 00049
B 1 00068 00068 1258 00075 1 225 225 9% 00134 1 1962 1962 1% 00062
c 1 0042 0042 2176 <00001 1 269 260 114 00086 1 138 138 04 03802
Residual 8 00043 00004 - - 8 18 023 - - 10 164 164 - -
Lackoffit 3 0003 00013 378 0093 3 06 02 083 05319 5 1347 260 45 00608
Pueearor 5 00013 000026 - - 5 12 024 - - 5 29% 059 - -
Total 17 0093 - - - 17 VR - - - 19 21188 - - -
R? 095 097 092
Adjusted
RSqeme 098 095 085
CV.% 98 07 271
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0.023AB — 1.02AC + B*+1.13¢?-1.11 o)

Y=68.11 + 23A + 0.27B + A*1.19BC - 0.36
2.38C-
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Fig 1 Response surfaces plotted for the effect of independent variables of Serish roots gum extraction on the
Extraction yield (%): a) time-water to solid ratio, b) time-temperature, c) temperature-water to solid ratio
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Fig 2 Comparison of gum extraction yield from
different plant sources
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Table 5 Minimum and maximum responses obtained based on the response surface optimization of
extraction conditions of Serish roots gum

. . . the predicted The actual amount obtained
Test title ~ minimum maximum

value -1 -2 3
Viscosity
1 312 250.9 250.99 251 250 250.8
(mPa.s)
Extraction
2 vield (%) 632 72.5 7241 72 71.8 73
3 solubility 41.1 54 54 54.52 54.6 53.7
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Table 6 Comparison of chemical compositions of Serish roots gum with other glucomannan sources

Gum Total carbohydrates Protein Ash References
Serish 86 +0.35 6.22 +£0.07 4.17 £0.06 -
Basil seeds 74.19+0.61 2.01 £0.11 5.89+0.14 [13]
konjac 82.6 22 52 [39]
Salep 16-55 3.09 2.04 [37]
ol s C Ol b SRl 55k 4 S Ol sm o) Gl poo (a5l 50) (g3 LS 5 5T
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Table 7Monosaccharide composition of Serum root gum (based on dry weight)

Monosaccharide (mg/g) Amount Percent
Glucose 41728 +7.11 5042 +0.86
mannose 378.83 £4.38 45.8 +0.53

Fucose 17.19+1.98 2.07+£0.24

Galactose 8.085+0.41 0.96+0.05

Galacturonic Acid 6.06+0.56 0.75+0.08
Total 827.44 100
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The gums extracted from different sources have different functional and
rheological properties compared to each other, and the extraction conditions
have significant effects on these properties. Therefore, the study on the
method of extraction and optimization of new sources of gums, due to
different gum behaviors towards each other, has become more important. In
this study, the optimization of extraction conditions for glucomannan of
Eremurus luteus powder (Serish) as a new source of hydrocolloid has been
studied. For this purpose, the effect of temperature (30-80°C), water-to-solid
ratio (50-100%) and time (1-4 hours) on the extraction yield, apparent
viscosity, and solubility were optimized using the response surface
methodology. The results showed that the quadratic model is the best model
to describe the data. The optimized conditions were temperature of 79°C,
water to solids ratio of 98.3 to 1 and extraction time of 3 hours and 12
minutes. Under these conditions, the apparent viscosity of 250 mPa.s,
solubility of 53.99% and extraction yield of 72.43% were obtained. The
results of chemical composition analysis showed that the optimal sample
based on dry weight had 86.25% carbohydrates, 6.22% (protein), 6.13%
(moisture) and 4.17% (ash). The results of monosaccharide analysis showed
that in Eremurus root gum, the ratio of glucose to mannose was 1.1 to 1 and
belonged to the glucomannan family.
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