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Optimal Conditions for Fractionation of Rapeseed Lecithin 
with Alcohols 
Marian Sosada* 
Department of Applied Pharmacy and Drug Technology, Silesian Medical University, 41-200 Sosnowiec, Poland 

Deoiled rapeseed lecithin was fractionated with ethanol, 
and optimum conditions have been determined to improve 
purified lecithin yield and phosphatidylcholine (PC) enrich- 
ment. The effect of extraction time, solvent volume, eth- 
anol concentration and temperature on the yield and the 
PC enrichment have been described in the form of regres- 
sion equations. A full factorial experiment method and a 
second~rder orthogonal design were used in the study. The 
regression equations were calculated for the maximum 
value of the response functions optimized by an electronic 
data processing method, and the results (yield and PC 
enrichment calculated from regression equations) were 
compared with those obtained in control experiments. The 
use of calculated optimal parameters in the fractionation 
process led to 81-96% and 58% increments in yield and 
PC enrichment, respectively. 

KEY WORDS: Alcohols, extreme experiments design, lecithin, lecithin 
fractionation, optimization of extraction process, phosphatidylcholine, 
rapeseed lecithin. 

For many years, the pharmaceutical and food industries 
have taken a keen interest in vegetable lecithins (1). The 
quality of purified lecithin and the field of its application 
significantly depend on plant source and processing condi- 
tions. Our previous studies (2,3} showed that purified 
rapeseed lecithin of high quality could be prepared directly 
from the lecithin wet gum obtained from double-zero 
rapeseed varieties (low in erucic acid and glucosinolates). 

It is well known that fractionation of soya lecithin with 
alcohols depends on several extraction conditions, including 
extraction time, solvent volume, mixing intensity, solvent 
polarity and temperature (3-5}. Optimization of extraction 
parameters by conventional methods is arduous and time~ 
consuming. Recently, interest in statistical experimental 
designs has been observed, especially in optimizing para- 
meters in chemical processes and in the pharmaceutical in- 
dustry (6-11}. 

We have determined the optimum conditions of deoiled 
rapeseed lecithin fractionation with ethanol by means of 
mathematical optimization methods to improve purified 
lecithin yield and phosphatidylcholine (PC) enrichment. 

MATERIALS AND METHODS 

The deoiled rapeseed lecithin from double-zero varieties 
low in erucic acid and glucosinolates was prepared by 
deoiling with acetone and dehydration of the wet gums 
as described previously (3). The lecithin contained 29.1% 
phosphatidylcholine (Ja 7b-91) and 98% acetone (Ja 4-4b) 
insolubles (American Oil Chemists' Society methods}. The 
chemicals of analytical grade were supplied by POCh 
(Gliwice, Poland}, the phospholipid standards were from 
Sigma (St. Louis, MO), the hexane and isopropanol of 
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high-performance liquid chromatography-grade (HPLC) 
were from Merck {Darmstadt, Germany). 

Lecithin fractionation. Deoiled rapeseed lecithin (30 g) 
and an appropriate volume of alcohol were introduced in- 
to a flask fitted with a stirrer and reflux condenser and 
placed in an ultrathermostat. The extraction process was 
carried out for parameters described in the experimental 
designs. The final mixtures were filtered through a sin- 
tered-glass funnel under water aspirator vacuum, and the 
ethanolic extracts were evaporated and dried under 
vacuum (40 °C, 5-10 mm Hg) to constant weight. PC con- 
tent of the fractionated lecithins was determined by 
HPLC. 

PC content determination. The lecithin analysis was ac- 
complished with a HPP 5001 HPLC system (Laborator- 
ni Pristroje, Praha, Czechoslovakia} fitted with a 150 × 3.3 
mm analytical column packed with 10 ~m Separon SG X 
C-18 (Tessek, Praha, Czechoslovakia}. The separated com- 
ponents were quantitatively measured by a refractometric 
detector (in an ultrathermostatic system} with an inte- 
grator. Samples were injected in the same solvent (20 ~L 
of 1% wt/vol solution} used for elution. Phospholipids were 
separated by isocratic elution with hexane/isopropanol/wa- 
ter in ratio 1:4:1 (vol/vol/vol). Column flow rate was 0.5 
mL/min and the column temperature was 30°C. 

RESULTS AND DISCUSSION 

Initially, we determined the effect of extraction time (t), 
solvent volume (V}, ethanol concentration (C} and tempera- 
ture (T) on the yield and the quality of the final lecithin. 
The effects of these parameters on the lecithin yield and 
the content of PC are presented in Figure 1. 

This preliminary study on the fractionation process was 
carried out to define a range of variables necessary in 
design of an experimental matrix. 

The effect of time on fractionations carried out at 20°C, 
95% EtOH in water and a solvent/lecithin ratio of 5 L/kg 
are shown in Part A of Figure 1. PC content increased 
from 29.1% (deoiled lecithin) to 49% during the first 5 min 
of extraction, then decreased to 40% after 15 min. Simul- 
taneously, yields of fractionated lecithin increased during 
the first 5 min, then leveled off. Thus, short extraction 
times favor both yield and PC content. 

Part B of Figure 1 shows the effect of solvent/lecithin 
ratio (L/kg} on yield and PC content at an extraction time 
of 15 min, a temperature of 20°C and 95% ethanol in 
water. Although yields increased with larger sol- 
vent/lecithin ratios, PC content decreased at higher sol- 
vent/lecithin ratios. Thus, for the optimization studies, 
values in the 5-10 L/kg were selected. 

The water content in ethanol also has a significant ef- 
fect on a lecithin quality and extraction yield in the frac- 
tionation process (Part C, Fig. 1). During this process, the 
water content of about 15-20% vol/vol leads to lecithin 
agglutination. Thus, for the design matrix, ethanol con- 
centrations in the range of 92-98% vol/vol were used. 

Upon the basis of apparent changes in extraction yields 
and PC contents with temperature (Part D, Fig. 1), as well 
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FIG. 1. Effect of extraction time (Part A), solvent volume (Part B), ethanol concentration in water (Part C) and temperature (Part D) on 
phosphatidylcholine content (PC'} and extraction yield (yo). 

as t ak ing  into accoun t  the  cos t  of energy, the  range of 
15-25 o C was accepted for the  opt imiza t ion  s t u d y  in spite 
of the  increment  of PC con ten t  wi th  t empera tu re  (the 
yields are approx ima te ly  constant) .  

I t  is no t  clear f rom the  resul ts  of pre l iminary  ex- 
per iments  whe the r  the  o p t i m u m  condi t ions  for the  pro- 
cess opera t ion  would be wi th in  the  inves t iga ted  range of 
variables. For  t h a t  reason, the  full factorial  exper imenta l  
design was applied at  first  (design 24, a combina t ion  of 
four variables  on two levels, s ixteen experiments}. The  
values of pa ramete r s  used in the  exper iments  are given 
in Table 1. The  resul t ing  d a t a  were next  calcula ted to  ex- 
t r ac t  yields (ratio of leci thin a m o u n t  ob ta ined  to raw 
mater ia l  used} and PC enr ichment  (E): 

%PC in extract • extract amount [g] 
E% = % PC in raw lecithin • raw lecithin amount [g] ° 100% [1] 

Accord ing  to  the  design ma t r ix  (Table 2) for the  ex- 
per iments  carr ied out,  the  yields obta ined  were f rom 13.0 
to  27.6% (Table 3) while the  PC content  varied in the range 
of 38.5 to 48.5%. Taking the  yields and PC con ten t s  into 
considerat ion,  the  ca lcula ted  PC enr ichment  r anged  be- 
tween 18.8 and  43.8. To simplify the  calculat ion of regres- 
sion coefficients, the  real values of the  variables (zj) 
used in the  exper iments  were s tandard ized  to  become 
d imens ion less  values (xj): +1  for the  higher  level, - 1  

TABLE 1 

Real Values and Code Symbols of the Variables Used in the Op- 
timization Procedure a 

t V C T 
Variables (zj) (min) (L/kg) (%) (°C) 
Code symbols x I x 2 x 3 x 4 
Basic level (z °) 10 7.5 95 20 
Interval of 
variation (hzj) 5 2.5 3 5 

Higher level (+1) 15 10.0 98 25 
Lower level ( -  1) 5 5.0 92 15 

at, extraction time; V, solvent volume; C, ethanol concentration; 
T, temperature of extraction. 

for the  lower level and  0 for the  basic  one (zj °) from the  
formula:  

x~ - ~J - 5o [21 
Az~ 

These s tandardized  values were used  in the calculation of 
regression equa t ion  coefficients by  the  least-square 
method.  The  regression coefficients were calculated f rom 
the  s t anda rd  equat ion,  which in a ma t r ix  no ta t ion  has  a 
form: 
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OPTIMAL CONDITIONS FOR FRACTIONATION OF RA PE SE E D  LECITHIN 

T A B L E  2 

D e s i g n  M a t r i x  o f  t h e  Fu l l  F a c t o r i a l  E x p e r i m e n t  ( r e g r e s s i o n  E q u a t i o n  4) 

4 0 7  

Experiment Levels of the code symbols of variables 

number x 6 x 1 x 2 x 3 x 4 XlX 2 XlX 3 XlX 4 x2x 3 x2x 4 x3x 4 XlX2X 3 x2x3x4 XlX2X 4 XlX3X 4 XlX2X3X 4 

1 J r  J r  J r  + J r  J r  J r  J r  J r  J r  J r  J r  J r  J r  J r  J r  

2 J r  J r  J r  J r  . . . .  J r  J r  - -I- - -  J r  

3 J r  J r  J r  - -  - J r  J r  - -  - + J r  - -  - -  + 

4 J r  - -  J r  - -  -I- - -  J r  - -  - -  J r  - -  J r  - -  - -  J r  J r  

5 + + - -  + - -  - -  + - -  - -  + - -  - -  + + - -  J r  

6 J r  - -  J r  J r  - -  - -  - -  J r  J r  . . . .  J r  J r  J r  

7 Jr Jr Jr Jr . . . .  Jr -- Jr -- Jr Jr 
8 + + + + + + + . . . .  + 
9 + + - -  + + - + + - -  - -  + - - - + - -  

10 Jr -- + Jr + -- - -- + Jr Jr - Jr -- -- - 
11 Jr Jr Jr - Jr Jr -- Jr -- Jr -- -- -- Jr -- - 
12 Jr Jr Jr Jr -- Jr - -- - Jr Jr Jr -- 
13 Jr Jr Jr Jr -- Jr Jr -- Jr -- -- Jr . . . .  
14 Jr Jr - Jr - Jr -- Jr -- Jr Jr -- Jr - 
15 + + -- -- -- + + + + -- + + -- 
16 + -- + --  + + --  -- + + + + --  --  

T A B L E  3 
Y i e l d s  and  P h o s p h a t i d y l c h o l i n e  (PC) E n r i c h m e n t  O b t a i n e d  
for  R a p e s e e d  L e c i t h i n  F r a c t i o n a t i o n  

Response functions 

Experiment FFEa  SOE b 
number Yield PC enrichment yield 

1 27.6 43.8 
2 16.6 27.2 
3 15.4 23.6 
4 17.4 26.2 
5 17.0 27.8 
6 19.0 30.2 
7 17.4 25.2 
8 12.6 18.8 
9 18.6 28.8 

10 22.4 36.8 
11 21.4 33.4 
12 14.0 21.0 
13 24.0 38.0 
14 15.6 23.6 
15 13.0 20.2 
16 14.4 22.6 
17 --  --  
18 --  --  
19 --  --  
20 --  --  
21 --  - -  
22 --  - -  
23 --  - -  
24 --  - -  
25 --  - -  

aFuU factorial experiment. 
bSecond-order orthogonal experiment. 

XTXB = x T y  [3] 

w h e r e  X = t h e  m a t r i x  of  i n d e p e n d e n t  v a r i a b l e s  (Table 2); 
Y = t h e  c o l u m n  v e c t o r  of  r e s u l t s  (y ie lds ,  P C  e n r i c h m e n t )  
(Table 3); B = t h e  c o l u m n  v e c t o r  of  r e g r e s s i o n  coe f f i c i en t s ;  
a n d  X w = t r a n s p o s i t i o n  of  an  X - m a t r i x .  I n c o r p o r a t i o n  in- 
t o  t h e  r e g r e s s i o n  e q u a t i o n  of a d u m m y  v a r i a b l e  x 0 = + 1  
g i v e s  a s e t  o f  s t a n d a r d  e q u a t i o n s  w i t h  a s  m a n y  e q u a t i o n s  
a s  t h e  n u m b e r  of u n k n o w n  c o e f f i c i e n t s  ( n u m b e r  of  expe r i -  
m e n t s ) .  

T h e  v a r i a n c e s  of  t h e  r e s p o n s e  f u n c t i o n s  (yield,  P C  
e n r i c h m e n t )  w e r e  d e t e r m i n e d  b a s e d  on  t h e  a d d i t i o n a l  
t h r e e  c o m p l e m e n t a r y  t r i a l s  c a r r i e d  o u t  fo r  t h e  b a s i c  level  
o f  p a r a m e t e r s .  F o r  t h e  e x t r a c t  y i e l d s  a n d  fo r  t h e  cor- 
r e s p o n d i n g  P C  e n r i c h m e n t ,  t h e  r e s u l t i n g  v a r i a n c e s  w e r e  
~0 = 0.90 a n d  ~0 = 1.120, r e s p e c t i v e l y .  

T h e  r e s u l t s  o b t a i n e d  in  t h e  e x p e r i m e n t s  w e r e  s u b s e -  
q u e n t l y  c a l c u l a t e d  t o  m u l t i d i m e n s i o n a l  r e g r e s s i o n  e q u a -  
t i o n s  w i t h  m o n o m i a l s  d e s c r i b i n g  t h e  i n t e r d e p e n d e n t  ef- 
f e c t  o f  v a r i a b l e s  (e.g., b,jxux/) in  g e n e r a l  f o r m :  

27.6 
16.6 
15.4 
17.4 
17.0 

19.0 y = box o + blxl  + b2x 2 + b3x 3 Jr b4x 4 + bl2XlX 2 Jr bl3XlX 3 [4] 
17.4 + bl4XlX4 Jr b23x2x 3 Jr b24x2x 4 + b34x3x4 Jr b123XlX2X 3 
12.6 Jr b234x2x3x4 Jr b124XlX2X4 Jr b134XlX3X4 Jr b1234XlX2X3X 4 
18.6 
22.4 B a s e d  o n  w e l l - k n o w n  f o r m u l a s  (12), t h e  r e g r e s s i o n  e q u a -  
21.4 t i o n  c o e f f i c i e n t s  a n d  t h e i r  s t a t i s t i c a l  s i g n i f i c a n c e  (S tu-  
14.0 d e n t ' s  t - t e s t )  w e r e  c a l c u l a t e d  as  s t a t e d  in  Tab le  4. A l l  
24.0 
15.6 r e g r e s s i o n  c o e f f i c i e n t s  o b t a i n e d  fo r  fu l l  f a c t o r i a l  ex- 
13.0 p e r i m e n t s  a r e  c a l c u l a t e d  w i t h  t h e  s a m e  a c c u r a c y :  
14.4 
22.6 02 - 02 (see Table 4) [5] 
23.4 b1 

20.6 w h e r e  n i s  a n u m b e r  of  e x p e r i m e n t s  a n d  o~ is  a v a r i a n c e  
22.6 of  t h e  r e s p o n s e  f u n c t i o n .  W h e n  t h e  e r r o r  e s t i m a t i o n  v a l u e  
13.4 o b t a i n e d  f r o m  t h e  f o r m u l a  
20.6 
15.6 ]coeff. valuel [6] 
21.0 tb -- 
17.6 Obj 

i s  l ower  t h a n  t h e  c r i t i c a l  v a l u e  t~(f) = 4.3 f r o m  a t a b l e  of  
S t u d e n t ' s  d i s t r i b u t i o n  fo r  s i g n i f i c a n c e  level  P = 0.05 a n d  
d e g r e e  of  f r e e d o m  f - -  2, t h e  r e s p e c t i v e  r e g r e s s i o n  coeff i -  
c i e n t  is  s t a t i s t i c a l l y  i n s i g n i f i c a n t .  

T a k i n g  t h e  s i g n i f i c a n t  c o e f f i c i e n t s  o f  t h e  fu l l  f a c t o r i a l  
e x p e r i m e n t  i n t o  c o n s i d e r a t i o n ,  t h e  r e g r e s s i o n  e q u a t i o n ,  
c o r r e l a t i o n  c o e f f i c i e n t  (R) a n d  F - F i s h e r  v a l u e  (F) fo r  t h e  
e x t r a c t i o n  y i e l d  t a k e  t h e  fo rm:  

y = 17.900 + 1.400x I + 2.550x 2 + 2.200x 3 + 1.275x 4 
+ 0.750XlX 2 + 0.600x2x 3 + 0.475x2x 4 

[7] 

w h e r e  R = 0.995; Fc~ ' = 3.13 < Fis,e ~ = 19.37; a n d  fo r  t h e  
P C  e n r i c h m e n t :  

J A O C S ,  V o l .  7 0 ,  n o .  4 ( A p r i l  1 9 9 3 )  
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T A B L E  4 

Coef f ic ien t s  of  t h e  R e g r e s s i o n  E q u a t i o n s  of t h e  Ful l  Factorial Experiment a 

R e s p o n s e  f u n c t i o n s  

S y m b o l  of  Yield PC e n r i c h m e n t  

r e g r e s s i o n  Er ror  Signif.  E r ro r  
coeff icient  Value  es t im,  b coeff, c Va lue  es t im,  d 

Signif.  
coeff, c 

b 0 17.900 59.7 17.900 27.950 26.4 27.950 
b 1 1.400 18.7 1.400 2.150 8.1 2.150 
b 2 2.550 34.0 2.550 4.075 15.4 4.075 
b3 2.220 29.6 2.220 4.075 15.4 4.075 
b 4 1.275 17.0 1.275 2.150 8.1 2.150 
b12 0.750 10.0 0.750 0.925 3.5 - -  
b13 0.300 4.0 - -  0.425 1.6 - -  
b14 0.175 2.3 - -  0.150 0.6 - -  
523 0.600 8.0 0.600 1.100 4.2 - -  
b24 0.475 6.3 0.475 0.875 3.3 - -  
b34 - 0 . 0 7 5  1.0 - -  - 0 . 0 2 5  0.1 - -  
b123 0.100 1.3 - -  0.200 0.8 - -  
b234 0.075 1.0 - -  0.100 0.4 - -  
b124 - 0 . 0 2 5  0.3 - -  0.325 1.2 - -  
b134 0.075 1.0 - -  - 0 . 5 7 5  2.2 - -  
b1234 - -0 .025 0.3 - -  - -0 .100  0.4 - -  

a p c ,  phospha t idy lcho l ine .  
bCa lcu la ted  for s t a n d a r d  dev ia t ion  of coeff ic ients  Obj = 0.075. 

Cri t ical  va lue  t o 05 (2) = 4.3. 
Ca lcu la ted  for s ' t andard  dev ia t ion  of coeff ic ients  Obj = 0.265. 

T A B L E  5 

D e s i g n  M a t r i x  of t h e  Second-Order  O r t h o g o n a l  E x p e r i m e n t  ( regress ion  E q u a t i o n  9) 

E x p e r i m e n t  Levels  of  t he  code s y m b o l s  of va r i ab l e s  

n u m b e r  x o X 1 X 2 X 3 X 4 Xl X2 X3 X4 XlX 2 XlX 3 XlX 4 X2X 3 X2X 4 X3X 4 

1 + + + + + 0.2 0.2 0.2 0.2 + + + + + + 

2 + - -  - -  + + 0.2 0.2 0.2 0.2 + . . . .  + 

3 + + --  -- + 0.2 0.2 0.2 0.2 --  -- + + --  --  

4 + --  + -- + 0.2 0.2 0.2 0.2 -- + -- --  + -- 

5 + + - -  + - -  0 . 2  0 . 2  0 . 2  0 . 2  - -  + - -  - -  + - -  

6 + - -  + + - -  0 . 2  0 . 2  0 . 2  0 . 2  - -  - -  + + - -  - -  

7 + + + -- -- 0.2 0.2 0.2 0.2 . . . . .  + 
8 + . . . .  0.2 0.2 0.2 0.2 + + + + + + 
9 + + -- + + 0.2 0.2 0.2 0.2 -- + + -- -- + 

10 + -- + + + 0.2 0.2 0.2 0.2 -- --  -- + + + 
11 + + + -- + 0.2 0.2 0.2 0.2 + -- + -- + -- 
12 + -- -- -- + 0.2 0.2 0.2 0.2 + + -- + -- -- 
13 + + + + -- 0.2 0.2 0.2 0.2 + + -- + -- -- 
14 + -- -- + -- 0.2 0.2 0.2 0.2 + -- + -- + -- 
15 + + -- -- -- 0.2 0.2 0.2 0.2 -- -- -- + + + 
16 + -- + -- -- 0.2 0.2 0.2 0.2 -- + + -- -- + 
17 + 0 0 0 0 - -0 .8  --0.8 --0.8 - -0 .8  0 0 0 0 0 0 
18 + 1.414 0 0 0 1.2 --0,8 - -0 .8  - -0 .8  ,0 0 0 0 0 0 
19 + - -1 .414 0 0 0 1.2 - -0 .8  - -0 .8  - -0 .8  0 0 0 0 0 0 
20 + 0 1.414 0 0 - -0 .8  1.2 - -0 .8  - -0 .8  0 0 0 0 0 0 
21 + 0 - -1 .414 0 0 - -0 .8  1.2 --0,8 - -0 .8  0 0 0 0 0 0 
22 + 0 0 1.414 0 --0.8 - -0 .8  1.2 - -0 .8  0 0 0 0 0 0 
23 + 0 0 - -1 .414  0 - -0 .8  - -0 .8  1.2 - -0 .8  0 0 0 0 0 0 
24 + 0 0 0 1.414 - -0 .8  --0.8 --0.8 1.2 0 0 0 0 0 0 
25 + 0 0 0 - -1 .414 - -0 .8  --0.8 - -0 .8  1.2 0 0 0 0 0 0 

y =  27.950 + 2.150x 1 + 4.075x 2 + 4.075x 3 + 2.150x 4 [8] 

w h e r e  R - -  0 . 9 6 1 ;  Fear = 4 . 1 9  < F(11,2) --- 1 9 . 4 1 .  T h e  e v a l u -  
a t i o n  o f  E q u a t i o n s  7 a n d  8 b y  F - F i s h e r  t e s t  s h o w s  t h e  
s t a t i s t i c a l  s i g n i f i c a n c e  o f  t h o s e  e q u a t i o n s .  T h e  h i g h  v a l u e s  
o f  c o r r e l a t i o n  c o e f f i c i e n t s  c o n f i r m  t h e  p r o p e r  d e s c r i p t i o n  
o f  t h e  e x a m i n e d  p r o c e s s  a n d  t h e  i n f l u e n c e  o f  s e l e c t e d  p a r a -  
m e t e r s  o n  y i e l d  a n d  P C  e n r i c h m e n t .  I n  E q u a t i o n  7, a l l  t h e  
f i r s t - d e g r e e  m o n o m i a l s  ( m a i n  e f f e c t )  a n d  s o m e  o f  t h e  

s e c o n d - d e g r e e  v a l u e s  ( i n t e r d e p e n d e n t  e f f e c t  o f  v a r i a b l e s )  

a r e  s i g n i f i c a n t .  T h u s  i t  c o u l d  b e  s u g g e s t e d  t h a t  t h e  
r e s p o n s e  f u n c t i o n  ( t h e  y i e l d s )  d e s c r i b e s  t h e  p r o c e s s  e x -  
a m i n e d  n e a r  t h e  q u a s i - s t a t i o n a r y  s u r f a c e  ( n e a r  t h e  e x -  
t r e m u m ) .  B a s e d  o n  t h i s ,  t h e  n e x t  e x p e r i m e n t s  w e r e  c a r -  
r i e d  o u t  f o r  t h e  s e c o n d - o r d e r  o r t h o g o n a l  d e s i g n .  To  s a v e  
t h e  o r t h o g o n a l i t y  o f  t h e  m a t r i x ,  i n  t h e  c a s e  o f  f o u r  v a r i -  
a b l e s  f o r  t h i s  d e s i g n ,  i t  w a s  n e c e s s a r y  t o  c a r r y  o u t  2 5  
e x p e r i m e n t s  ( s i x t e e n  f o r  t h e  s t a n d a r d  m a t r i x ,  e i g h t  f o r  
s t a r  p o i n t s  a n d  o n e  f o r  t h e  c e n t r a l  p o i n t )  ( T a b l e  5). 
T h e  e x p e r i m e n t a l  r e s u l t s  w e r e  a p p l i e d  t o  t h e  m u l t i -  
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TABLE 6 

Coefficients of the Regression Equation of the Second-Order 
Orthogonal Experiment (extraction yield) 

Symbol of 
regression Error Significant 
coefficient Value estimation a coefficients b 

b 0 18.544 61.8 18.544 
b I 1.330 19.9 1.330 
b 2 2.680 40.0 2.680 
b 3 2.120 31.6 2.120 
b4 1.260 18.8 1.260 
b l l  0 . 4 2 0  4 . 0  - -  

b22 --1.585 15.0 --1.585 
b33 - 1.530 14.4 - 1.530 
b44  - - 0 . 9 3 0  8.8 -0.930 
b12 0.750 10.0 0.750 
b13 0.300 4.0 -- 
b14 0.175 2.3 - -  

b23 0.600 8.0 0.600 
524 0.475 6.3 0.475 
b34 -0.075 1.0 - -  

aCalc, for standard deviation of coefficient groups Obj = 0.067, 
Obu j = 0.075, Obj j ---~ 0.106. 

bCritical value t0.05 (2) = 4.3. 

d imens iona l  quad ra t i c  regress ion equa t i on  in  general  
form: 

y = boxo + blxl + b2x 2 + b3x 3 + b4x 4 + bllX { Jr b22x~ [9] 
b33x~ + b44x~ + b12XlX2 + bl3XlX 3 + bl4XlX 4 
b23x2x 3 -b b24x2x 4 -I- b34x3x4 

where x~ = x~ - 0.8. The  regress ion coefficients obta in-  
ed for the  second-order  o r thogona l  des ign  (Table 6) are 
ca lcu la ted  wi th  di f ferent  accuracy in  c o n t r a s t  to the  full 
factorial  design:  

i=1 

In  th i s  case, the  coefficients  of the  second-degree 
monomials  are highly significant,  which confirms tha t  the 
response  func t ion  descr ibes  the  process nea r  the  ex t reme 
(the quas i - s t a t iona ry  surface}. The  normal ized  regression 
e q u a t i o n  ob t a ined  for the  second-order  des ign  is: 

y = 21.780 + 1.330x I + 2.680x 2 + 2.120x 3 + 2.160x 4 [10] 
+ 0.750xlx 4 + 0.600x2x 3 + 0.475x2x 4 - 1.585x22 
- -  1.530x 2 - -  0.930x42 

where R = 0.978; F¢~. = 6.24 < F(14,2) = 19.42. All  regres- 
s ion e qua t i ons  in the  no rma l i zed  form were t r a n s f o r m e d  
in to  s t a n d a r d  forms (real value) for the  compu ta t ion .  For 
the  ex t rac t ion  yield, the  two equa t ions  were obta ined:  

y ---- -0.11635 -- 0.17000t -- 7.94000V + 0.13333C - 0.03000T 
+ 0.06000tV -{- 0.08000VC + 0.03800VT [11] 

(the full factorial  experiment} a nd  (the second-order  or- 
t hogona l  exper iment) :  

y = -1557.28860 - 0.18400t - 4.08400v + 32.40667C [12] 
+ 1.45500T + 0.06000tV + 0.08000VC + 0.03800VT 
- 0.25360V 2 - 0.17000C 2 - 0.03720T 2 

PC enrichment can be described by the regression equa- 
tion with first-degree monornials only: 

y = -126.21635 + 0.043000t + 1.63000¥ + 1.35833C [13] 
+ 0.43000T 

Subsequent ly ,  the  regression equa t ions  were opt imized  
for the  m a x i m u m  va lue  of the  response  func t ions  by  an  
electronic da ta  process ing method.  The c o m p u t a t i o n  was 
performed by a min i -computer  I B M 386 based  (Samsung,  
Taiwan) on the  s t a n d a r d  compu te r  p rog ram E u r e k a  to 
search for the  m a x i m u m  value  of the  response  func t ions  
w i th  the  g rad ien t  m e t h o d  and  the  i te ra t ive  one nea r  the  
ex t reme (for res t r ic t ive  values  of pa rame te r s  see Table 7). 
Op t ima l  values of ex t rac t ion  time, solvent  volume, alcohol 

TABLE 7 

Rapeseed Lecithin Extraction Yields and Phosphatidylcholine (PC} Enrichment Calculated 
and Obtained in Control Experiments 

Parameters Yield 
FFAa SOE b 

PC enrichment yield 

Restrictive values 
for computation 

Regression equation [11] [13] [12] 
Response function {%) 25-90 32-90 40-90 
Extraction time (min) 5-10 5-10 5-60 
Solvent volume (L/kg) 3-33 3-33 3-33 
Alcohol concentration {%) 90-100 90-100 90-100 
Temperature (°C) 10-30 10-30 10-70 

Optimal values 
Extraction time (min) 10 10 60 
Solvent volume {L/kg) 22.9 30.3 13.7 
Alcohol concentration (%) 100 100 98 
Temperature {°C) 30 30 23 

Results 
Response function (%): 
calculated from equation 52 76 54 
experimental 54 69 50 

Difference (% of calculation) 3.8 9.2 7.4 
Maximum values obtained in 
primary experiments 27.6 43.8 27.6 

aFull factorial experiment. 
bSecond-order orthogonal experiment. 
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concentrat ion and tempera ture  of extract ion are l isted in 
Table 7. 

We also carried out  some control exper iments  for the 
opt imal  parameters  calculated. The results  are also 
reported in Table 7. A comparison of the yield and PC 
enrichment  values calculated and f rom exper iments  (for 
opt imal  parameters)  showed differences below 10%. Tak- 
ing the complexi ty  of the  natural  lecithin used in the ex- 
periments  into consideration, the resulting differences are 
small. The use of calculated opt imal  pa ramete rs  in frac- 
t ionat ion of deoiled rapeseed lecithin leads to an 81-96% 
increment in yield and a 58% increase in PC enrichment.  

Our results  show tha t  highest yields can be obtained 
with anhydrous ethanol a t  a t empera ture  of about  30°C 
The remaining parameters  investigated, i.e., extract ion 
t ime and solvent vo lum~ are probably  related to each 
other. The max imum value of the extraction yield and the 
PC enrichment  could be obtained in the short  t ime of 
about  10 rain with a large amount  of solvent (lecithin to 
ethanol ra t i~  1:30). Then, the sixfold longer extract ion 
t ime leads to about  50% reduction in the solvent volume 
for the m a x i m u m  yield and PC enrichment.  

REFERENCES 
1. Pardun, H., Fat ScL Technol. 9•:45 (1989). 
2. Sosada, M., B. Pasker and K. Kot, Ibid. 94:233 {1992}. 
3. Sosada, M., Z. Dutkiewicz and B. Pasker, Ibid, in press {1993}. 
4. Pardum, H., Fette Seifen Anstrichmittel 84:1 (1982). 
5. Pardun, H., Ibid. 86:55 (1984). 
6. Cochran, W.G., and G.M. Cox, Experimental Designs, 2nd edn., 

John Wiley and Sons, London, 1957. 
7. Andersen, L.B., Chem. Engin. 70.113 (1963). 
8. Box, G.E.P., and G.W. Hunter, Technometrics 4:301 (1962). 
9. Lind, E.E., J. Goldin and J.B. Hickman, Chem. Eng. Progress 

56:62 (1960). 
10. Von Haller, I., G. Nussberger and B.H. Messikommer, Helu Chim. 

Acta 44:461 (1961). 
11. Gromadzifiska, E., S. Kranze and J. Ojrzanowska, Acta Polon. 

Pharm. 43:416 (1986). 
12. Kafarow, W:W., Metody cybernetyki w chemii i technologii 

chemicznej, edited by Wydawnictwo Naukowc~Techniczne, 
Warszawa, 1979. 

[Received May 19, 1992; accepted January 12, 1993] 

JAOCS, Vol. 70, no. 4 (April 1993) 


