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Optimization of Synthesis of Sodium Copper Chlorophyllin by Alkaline Cuprammonium Replacement

YU Wei, JI Ping-xiong*

(Institute of Biomaterial, College of Science, South China Agricultural University, Guangzhou 510642, China)

Abstract : Chlorophyll copper sodium salt as a non-toxic water soluble chlorophyll derivative has excellent stability and
colorability and is widely used as a food additive. In the present study, the traditional preparation process for sodium copper
chlorophyllin from silkworm excrement chlorophyll was modified to develop a semi-synthesis method based on alkaline
cuprammonium replacement. Four reaction conditions such as ethanol concentration, pH, reaction temperature and copper
amount were chosen for synthesis process optimization based on orthogonal array design using SAS statistical software. The
optimal copper amount, ethanol concentration, reaction temperature and pH were 2.5 times higher than the theoretic value, 75%,
55 °C, and 11.5, respectively. Under these conditions, the ethanol consumption for copper replacement was reduced by 10%,
and the quality of the product obtained was in accordance with the national standard of food additives.
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Table 1 Factors and levels of Ls(3%) orthogonal array design

RS XS X ZBJREMH/% X RNIEIC  XepH  EHR /%
1 1(L5) 1(55) 1(45) 1(105) 429
2 1 2(65) 2(55) 2(11.0) 489
3 3(75) 3(60) 3(115) 311
4 2 1 2 3 329
5 2 2 3 1 385
6 2 3 1 2 477
7 3(25) 1 3 2 50.7
8 3 2 1 3 50.1
9 3 3 2 1 59.4

R2  AFIFEEXTE W R W T =50
Table 2 Variance analysis of copper replacement rate with various
reaction conditions

A5 R H ST oy F 1 Pi

X1 2 1050.406667  525.203333  2399.41  0.0001
Xz 2 81.646667 40.823333 186.50  0.0001
Xs 2 276.126667 138.063333  630.75  0.0001
Xa 2 628.506667 314.253333  1435.68  0.0001

W: P <0.05 Ms¥milRs; P <0.01 hgmitlkiis.
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Table 3 Duncan's new multiple range test of the effects of various
reaction conditions on copper replacement rate

K X1 Xz X3 Xa

1 41.0000 + 7.85° 42.2889 £ 7.91° 46.9556 + 3.224  46.9222 + 9.54°
2 39.7000 + 6.54° 45,8556 + 5.58* 47,0556 £+ 11.57%  49.2556 + 1.50*
3 53.5333 + 4.41* 46.0889 + 12.30* 40.2222 + 8.74®  38.0556 + 9.12°
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Table 4 Major quality indexes of sodium copper chlorophyllin

wE FER Wt pH iz R e EA

5 WME tt fii A=/ %G5 #/% Fi%
1 625 361 971 5.55 9.35 0.010 59.36
2 624 370 9.65 5.47 9.35 0.009 5850
3 627 376  9.69 5.64 9.35 0.013 60.32
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Fig.1 UV spectrum of sodium copper chlorophyllin
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Fig.2 IR spectrum of sodium copper chlorophyllin
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