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ABSTRACT: The work aims to develop sulfur free compound color protection technology to replace the traditional sulfur
treatment and solve the problem of excessive sulfur dioxide residue in preserved fruits, so as to develop healthy and nu-
tritious preserved fruits with attractive color. First of all, four kinds of color fixative were screened out from eight kinds of
color fixative, namely sodium erythorbate, phytic acid, sodium hexametaphosphate, B-cyclodextrin, sodium chloride, cit-
ric acid, Vc and L-cysteine that had significant effects on the color protection of the preserved cherry tomato. Then, the
maximum response area was approached by the steepest ascent experiment. Finally, the color protection formula was fur-
ther optimized through the response surface. The optimal color protection formula of preserved cherry tomato obtained
was 0.2% (mass fraction) sodium hexametaphosphate, 0.3% (mass fraction) L-cysteine, 0.1% (mass fraction)
B-cyclodextrin and 1% (mass fraction) citric acid. The sulfur free compound color fixative developed herein has good
color protection effect and can keep the stability of preserved fruits and prolong the time of color protection because of
the synergistic color protection by sodium hexametaphosphate, L-cysteine, B-cyclodextrin and citric acid.
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1 Plackett-Burman
Tab.1 Factors, levels and codes of Plackett-Burman design
X1/% Xo/% X3/% Xa/% Xs/% Xo/% X7/% Xs/%
( )y )« ) (B- )« )« ) (Vo) (L- )
-1 0.1 0.1 0.1 0.1 1 0.8 1 0.1
0 0.3 0.2 0.2 0.3 2 1 2 0.3
1 0.5 0.4 0.4 0.5 3 2 3 0.5
2
Tab.2 Factors and levels of central composite design
X3/%( ) Xs/%(L- )
-1.414 0.117 0.217
-1 0.2 0.3
0 0.4 0.5
1 0.6 0.7
0.683 0.783
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3 Plackett-Burman
Tab.3 Design and results of Plackett-Burman experiment
X1 X X3 Xa Xs Xs X7 Xg Y(AE )
1 -1 -1 -1 1 1 1 -1 1 19.17
2 -1 -1 1 1 -1 -1 1 1 15.96
3 1 1 1 -1 -1 -1 1 -1 16.05
4 1 -1 -1 -1 -1 1 1 1 17.11
5 -1 -1 -1 -1 -1 -1 -1 -1 21.29
6 -1 -1 1 -1 1 1 1 -1 16.58
7 -1 1 1 1 1 -1 -1 -1 21.35
8 1 -1 1 -1 1 -1 -1 1 15.07
9 0 0 0 0 0 0 0 0 19.12
10 1 -1 1 1 -1 1 -1 -1 15.65
11 1 1 -1 -1 1 1 -1 -1 17.58
12 1 1 1 1 1 1 1 1 15.49
13 1 1 -1 1 -1 -1 -1 1 17.57
14 1 -1 -1 1 1 -1 1 -1 22.93
15 0 0 0 0 0 0 0 0 16.42
16 -1 1 1 -1 -1 1 -1 1 15.32
17 -1 1 -1 1 -1 1 1 -1 19.3
18 0 0 0 0 0 0 0 0 16.64
19 -1 1 -1 -1 1 -1 1 1 16.09
4 Plackett-Burman
Tab.4 Analysis of Plackett-Burman experiment results
Source Sum of Squares DF Mean Square F P
70.48 8 8.81 3.32 0.0465
X1 3.62 1 3.62 1.36 0.2732
X2 1.57 1 1.57 0.59 0.4620
X3 23.94 1 23.94 9.01 0.0149
Xa 9.50 1 9.50 3.58 0.0912
Xs 2.26 1 2.26 0.85 0.3807
Xo 6.39 1 6.39 2.40 0.1554
X7 0.76 1 0.76 0.29 0.6055
Xs 22.44 1 22.44 8.45 0.0174
Curvature 0.18 1 0.18 0.066 0.8030
Residual 23.92 9 2.66
Lack of Fit 19.42 7 2.77 1.23 0.5175
Pure Error 4.50 2 2.25
Cor Total 94.57 18
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Tab.5 Designs and results of steepest ascent experiment
11.6424 X 0.2% L-
X3/% Xs/% Y X, 0.3% AE 11.6424
( ) (L' ) ( AE ) 0.889
1 0.2 0.3 15.46
6
2 0.3 0.4 15.72 Tab.6 Design and results of central composite experiment
3 0.4 0.5 13.96 X X2 Y(AE )
4 0.5 0.6 16.33 1 -1.41 0 13.29
5 0.6 0.7 15.81 2 0 —-1.41 13.94
6 0.7 0.8 15.79 3 -1 -1 10.76
7 0.8 0.9 16.23 4 0 1.41 12.72
8 0.9 1.0 16.29 5 0 0 11.32
6 1 1 12
33 MmEEMAEREMRMBIPETNES 7 -1 1 12.24
4R BY, 8 0 0 11.75
0.4% 9 1 -1 14.69
L- 0.5% 0 De-
. 10 0 0 13.77
sign-Expert
L- 5 11 1.41 0 14.97
6 12 0 0 11.55
7 7 P <0.15
13 0 0 11.83
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Tab.7 Analysis on central composite experiment results
Source Sum of Squares DF Mean Square F P
13.94 5 2.79 2.59 0.1238
Xi 4.60 1 4.60 4.27 0.0778
X 1.08 1 1.08 1.00 0.3509
Xi? 3.57 1 3.57 3.31 0.1117
X2 0.70 1 0.70 0.64 0.4484
XXz 4.35 1 4.35 4.03 0.0846
Residual 7.55 7 1.08
Lack of Fit 3.67 3 1.22 1.26 0.4000
Pure Error 3.88 4 0.97
Cor Total 21.49 12
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Fig.1 Response surface of the interaction between sodium
hexametaphosphate and L-cysteine
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