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Table 1. Experimental data for sodium alginate
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Coded Uncoded Responses
variables variables
Treatment
X X Conc. pH Y: (Protein) Y. (Lipid)
! g (%, W/V) mg % mg %
1 1 0 0.40 6.0 119 25.2 157 18.3
2 0.5 0.866 0.35 7.0 253 53.6 648 75.5
3 —0.5 0.866 0.25 7.0 247 52.3 646 75.3
4 -1 0 0.20 6.0 97 20.6 33 34
5 —0.5 —0.866 0.25 5.0 72 153 29 21
6 0.5 —0.866 0.35 5.0 73 15.5 19 09
7 0 0 0.30 6.0 94 19.9 52 6.1
8 0 0 0.30 6.0 93 19.7 44 5.1
9 0 0 0.30 6.0 94 19.9 43 5.0
10 0 0 0.30 6.0 91 19.3 46 54
Egg yolk (2.5 mi) 472 100 858 100
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Table 2. Experimental data for propylene glycol alginate

Coded Uncoded Responses
variables variables
Treatment .
X X Conc. pH Y. (Protein) Y. (Lipid)
' ? %, W/V) mg % mg %
1 1 0 0.35 45 76 16.1 140 16.3
2 0.5 0.866 0.30 5.0 83 17.6 220 25.6
3 -0.5 0.866 0.20 5.0 89 189 136 15.9
4 -1 0 0.15 45 65 13.8 36 4.2
5 —-0.5 —0.866 0.20 40 70 14.8 41 47
6 05 —-0.866 0.30 4.0 54 114 38 44
7 0 0 0.25 45 54 114 4 5.1
8 0 0 0.25 45 55 11.7 43 5.0
9 0 0 0.25 45 57 12.1 37 4.3
10 0 0 0.25 45 51 10.8 39 46
Egg yolk (25 ml) 472 100 858 100
Table 3. Experimental data for sodium carboxymethylcellulose
Coded Uncoded Responses
variables variables
Treatment
X X Conc. pH Y. (Protein) Y. (Lipid)

! 2 (%, W/V) mg % mg %
1 1 0 0.36 2.7 78 16.5 148 17.3
2 0.5 0.866 0.34 30 36 7.6 39 4.6
3 —-05 0.866 0.30 3.0 50 10.6 12 14
4 -1 0 0.28 2.7 123 26.1 340 39.6
5 —05 —0.866 0.30 24 169 358 587 684
6 0.5 —0.866 0.34 24 191 405 552 64.3
7 0 0 0.32 2.7 82 174 163 19.0
8 0 0 0.32 2.7 83 17.6 142 16.6
9 0 0 0.32 2.7 87 184 134 15.6
10 0 0 0.32 2.7 81 17.2 166 194
Egg yolk (25 mi) 472 100 858 100
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Table 4. Experimental data for pectin

Coded Uncoded Responses
variables variables
Treatment
X X Conc. pH Y, (Protein) Y, (Lipid)
! ¢ (%, W/V) mg % mg %
1 1 0 0.10 6.0 106 22.5 49 5.7
2 0.5 0.366 0.08 7.0 128 271 208 242
3 —-05 0.866 0.04 7.0 133 28.2 202 23.5
4 -1 0 0.02 6.0 108 22.9 92 10.7
5 —-0.5 —0.866 0.04 5.0 97 20.6 29 34
6 0.5 —0.866 0.08 5.0 95 20.1 8.8 1.0
7 0 0 0.06 6.0 100 21.2 46 54
8 0 0 0.06 6.0 102 21.6 49 5.7
9 0 0 0.06 6.0 97 20.6 48 5.6
10 0 0 0.06 6.0 104 22.3 47 55
Egg yolk (2.5 mi) 472 100 858 100

Table 5. Analysis of variance for the response in each polysaccharide-egg yolk protein reaction system

Sum of squares

Degree Responses
Source of Sodium alginate PGA CMC Pectin
freedom Y1 Y2 Y1 Yz Y1 YZ Yl YZ
Model 5 1864.9*** 7911.7***  654* 510.2***  956.3*** 4787.1%**  67.2%**  596.1***
Linear 2 1419.5*** 5530.3***  265*  3565%**  869.4*** 4185.7***  53.8***  480.1***
Quadratic 2 445.1%**  2380.9***  37.8%*  128.7%** 72.1* 588.1* 13.3**  113.6%**
Crossproduct 1 0.3 0.5 1.1 25.0%+* 14.8 133 0.1 2.4*
Residual 4 18 42.8 9.1 1.6 22.1 86.5 1.7 19
Lack of fit 1 1.6** 42,1+ 8.2%* 1.2* 21,3+ 76.3** 0.2 1.8%**
Pure error 3 0.2 0.7 09 0.4 0.8 10.2 15 0.1

***Significant at 1% probability level.
** Significant at 5% probability level.
* Significant at 10% probability level.
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Table 6. Regression coefficients of the second order polynomials

Responses
Regression Sodium alginate PGA CMC Pectin
coefﬁcientl Yl Yz Y1 Yz Yl Y2 Y1 Yz
Bo 432.7%%* 971.7+** 301.9** 593.3**+* 538.2 2477.7%%* 81.5%%* 208.7%**
B1 —207.2** —321.0 —267.2 —669.0***  —666.7 —5330.8* —60.6 —480.0%*
B2 —147.0%**  —3454*** —1194*  —243.7**  —2495* —10624*** —23.0** —73.3%*
Bs 320.0*** 545.0 345.0* 550.0%** 22813 6750.0* 796.9* 1656.3**
B4 13.7%%* 31.7%** 13.3** 26.1%** 56.3 159.2%+* 2.3%%* 6.8%**
Bs 5.5 7.0 21.0 100.0***  —320.8 304.2 —-75 38.8%
Coefficient of
determination 0.999 0.995 0.878 0.997 0.977 0.982 0.974 0.997

®?

! These are coefficients of the equation Y=o+ B:X;+B:Xz+ PsXi2+ BuXo2 + BsXiXp +E
***Significant at 1% probability level.

** Significant at 5% probability level.

* - Significant at 10% probability level.

Table 7. Analysis of variance for the overall effect of the two reaction variables on the response

Sum of squares

Reaction - -
Sodium alginate PGA CMC Pectin
variables
Y, Y. Y, Y. Y, Y. Y: Y.
Polyscaccharide 23.5%** 109.2 17.0 159.4%** 58.1 341.4* 27 23.2%*
concentration
pH 1853.6***  7841.8*** 53.6** 388.4*** 919.5%**  4513.0%** 65.4*** 581.1%**

***Significant at 1%. probability level.
** Significant at 5% probability level.
* Significant at 10% probability level.
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Fig. 1. Response surfaces for the effect of polysaccharide concentration and reaction pH on protein content.
A) Sodium alginate, B) Propylene glycol alginate, C) Sodium carboxymethylcellulose, D) Pectin
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Fig. 2. Response surfaces for the effect of polysaccharide concentration and reaction pH on lipid content
A) Sodium alginate, B) Propylene glycol alginate , C) Sodium carboxymethylcellulose, D) Pectin.
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Table 8. Effect of pH on separation of water-soluble
egg yolk proteins without addition of polysaccha-
ride

cA e gEA Qo lipovitelindt Z3HA 2§3td
high density lipoproteing #4335} phosvitine] g
Fo| 9t HAAste o d¥ JIklEe Aem AF
%q.s,lﬁ)

HAL 2
70 == o
—_— —l
T ——
65 ¥

pH

5.0

0.20 0.25 0.30

CONCENTRATION (%)

Fig. 3. Superimposed contour plot of equal respo-
nse values for sodium alginate.

Solid line(—) and broken line(---) denote respecti-
vely lipid content(%) and protein content(%) in the su-
pernatant. Shaded area is the optimum region.

Protein Lipid
pH mg % mg %
24 470 99.6 756 88.1 Table 10. Predicted optimum conditions for separa-
2.7 453 96.0 721 84.0 tion of water-soluble egg yolk proteins
3.0 449 95.1 695 81.0 Variabl R
ariables esponse
40 346 733 762 88.8 Polysaccharide
45 242 513 607 70.7 Concentration H Protein (%)
5.0 89 189 53 62 (%, W/V) P o
. 184 .0 X
60 8 39 563 656 Sodium alginate 0.23~025 59~6.0 17.9~20.0
7.0 164 34.7 267 311
8.0 347 735 791 92.2 PGA 0.15~0.17 43~45 135~150
. ’ - CMC 0.03~0.31 30 10.1~125
Egg yolk 25ml) 472 100 858 100 Pectin 0.09~0.10 56~58 208~217
Table 9. Stationary points for the responses
Responses
Factor Sodium alginate PGA CMC Pectin
Y1 Yz Y1 Yz Y1 Yz Y1 Yz
Concentration 0.28 0.26 0.26 0.22 0.38 0.33 0.06 0.08
pH 5.32 5.42 430 424 3.30 3.03 5.20 513
Solution minimum minimum minimum minimum  minimum ~ minimum ~ minimum - minimum
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Separation of water-soluble egg yolk proteins using polysaccharide
Tae-Wha Moon and Hyun-Jong Lee (Department of Food Science and Technology, Seoul
National University, Suwon 441-744, Korea)

Abstract : Response surface methodology was employed to investigate the conditions for
separating water-soluble proteins from egg yolk using sodium alginate, propylene glycol
alginate (PGA), sodium carboxymethylcellulose (CMC) and pectin which are approved as
food additives. Effects of plysaccharide concentration and pH of the reaction system on
protein and lipid contents in the supernatant were evaluated at respectively five and three
levels of concentration and pH using rotatable hexagon design. Statistical analysis showed
that pH of the system was a more important factor than polysaccharide concentration as
it significantly affected all two responses. Separating conditions established by a graphical
optimization technique were 0.23~0.25% of sodium alginate at pH 5.9~6.0, 0.15~0.17%
of PGA at pH 4.3~4.5, 0.30~0.31% of CMC at pH 3.0, and 0.09~0.10% of pectin at pH
5.6~5.8.



