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Abstract 
IJaboratory refining loss, determined by the 

chromatographic method, is checked by a radio- 
chemical procedure. Neutral  triglycerides are 
labeled with C~<tripahnitate and passed through 
an alumina column to find out if the alumina re- 
tains a percentage of them. 

Cottonseed oil is also labeled and, by applying 
the calculations os the isotope dilution analysis, 
the absolute neutral  oil content and therefore the 
theoretical refining loss are determined. 

The theoretical and the chromatographic re- 
fining losses are compared, and a relation between 
them is proposed for cottonseed oils. 

Introduction 

T HE REFINING EFFICIENCY of a vegetable oil is given 
by the ratio N / N  + N~, where N is the refinery 

yield of neutral  triglycerides calculated as the weight 
percentage of the crude oil and N + N1 the actual 
neutral  oil, i.e., the actual percentage of neutral  tri- 
glyceridcs in the crude oil as determined by analysis. 
To check refining efficiency, both N and N + N~ are 
required. F rom these data the amount os neutral  oil 
which is lost (N1) through saponification and emulsi- 
fication may be determined. 

The refinery yield of neutral  oil may be determined 
by various methods (1-3) ,  but  the actual percentage 
of neutral  triglycerides is usually determined by one 
of the three generally recognized methods: acetone 
insoluble (4-9) ,  Wesson (10-12), and chroma- 
tographic ( ]3-20) .  

Since the actual results of any of these three meth- 
ods differ, at tempts have been made to establish a 
correlation between them. Pu rdum and Werber  (8) 
determined the refining loss of many samples of 
cottonseed and soybean oil by the Wesson and acetone- 
insoluble methods and found relationships between 
them and the cup-test (3) ;  Mareopoulos (21), in 
examining all three methods for pistacia seed oils, 
found relations between them and between the re- 
fining loss according to the chromatographic method 
and the F F A  content. 

However the problem of the precision of these meth- 
ods still exists, and a scientific approach in deter- 
mining their  accuracy for the determination of neutral  
oil content would be interesting. Since the results 
of the three methods have already been correlated, 
the determination os the error  in one os them could 
mean the simultaneous evaluation of the other two. 
Also, since the difficulty in any classical method is 
found in the absolute isolation of the whole amount  
of the neutral  triglyeerides content of the oil, the 
application of a technique by which this can be 
determined without complete isolation should be 
helpful. 

This work concerns control os the chromatographic 
method by a radiochemical technique and determina- 
tion of the absolute neutral  oil content in a var ie ty  
of Greek cottonseed oils. Also, the chromatographic 

refining loss is compared with the one determined by 
the radiochemical technique. 

Experimental Section 
Materials and Equipment 

Chromatographic Columns: constructed according 
to the official AOCS method (19). 

Alumina:  Grade F 20, Mesh 80-200, f rom Aluminum 
Company os America, Chicago, Ill. Before use it was 
treated according to the official AOCS method (19). 

Solvent:  mixture of 975 ml of ether with 25 ml of 
methanol (Solution E-M) (19). 

Labeled Triglycerides : glyceryl-l-Clr 
was obtained from the Radiochemical Center, Amer- 
sham, Buckinghamshire, England. 

Cl<Tripahni ta te  Carrier-Free Solution (Solution 
A) : Prepared  by dissolving 0.02 g os glyceryl-l-C 1< 
tr ipalmitate in 200 ml os E-M solution (total activity 
1 ~C). 

Counting Techniques 
The liquid scintillation counting technique was 

chosen as the more convenient for the low activities 
os fi-radioactive C 14. As liquid scintillator, a 
solution os 4 g os 2,5 biphenyloxasol and 0.2 g 1,4 
bi-5(2-phenyl)oxazolyl benzene per liter of toluene 
was used (Solution Se). 

Active samples were measured in small glass tubes 
(2 • 5 cm) 15 min af ter  restoration in the counter's 
refr igerator  (Packard Tricarb Liquid Scintillation 
Counting System, Model 314 E X ) .  

Measurements were taken under  conditions of HV 
1050, amplification 1000, window 100-700 V. The 
used amount of radioactive tr ipalmitate was pre- 
calculated each time in order to give a count rate of 
the order of 10,000 c/3 rain in the measured active 
samples. Under these conditions the efficiency of the 
counting system was found to be 66%. The repeat- 
ability os the measurements was checked by measuring 
the same sample repeatedly. The relative s tandard 
deviation of the values was found to be less than 1%. 

Check of Chromatographic Method 
Procedure 

The radiochemicaI check of the chromatographic 
method was carried out by comparing the activity of 
a given amount of C~r before and af te r  
passing through the alumina column. Since FFA,  
moisture, phosphatides, and volatile mat ter  are kept  
in the alumina, the check of the chromatographic 
method concerns the possible amount of neutral  tri- 
glyeerides also retained in the alumina. For  this pur- 
pose, neutral  triglycerides were labeled by C lr 
tr ipahnitate,  and the chromatographic loss was checked 
as follows. 

Neutral  triglycerides f rom various cottonseed oils 
were isolated by chromatography. Then 2.5 g were 
dissolved with 20 ml of Solution A (containing 0.002 
g of Cl~-tripalmitate os total activity 0.1 ~c). The 
solution was well homogenized and placed on an 
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alumina column. The percolate with the washes 
(Solution E-1Vf) was collected in a volumetric flask 
of 200 rot, which was then filled with Solution E-M. 
Next, 5.0 ml (0.00005 g C14-tripa]mitate, 0.0025 tLc) 
were taken and mixed in a glass tube with 5.0 ml Sc; 
the act ivi ty was measured. 

A simultaneous blank determinat ion was also car- 
ried out. First ,  2.5 g of neutra l  tr iglycerides were 
dissolved with 20 ml of solution A in a volumetric 
flask of 200 ml. which was then filled with Solution 
E-M;  5.0 ml were taken, mixed with 5.0 ml of Se in 
a glass tube, and counted. Results were compared. 

The same procedure was followed without the 
amount  of neutra l  tr iglyeerides i.e., with C la- 
t r ipahni ta te  as the only triglyeerides present. Owing 
to the relatively small amount  of carr ier  (specific 
act ivi ty 50 ~C/g) ,  the C14-tripalmitate could be con- 
sidered as "carr ier-free."  

l~esKlts 

The control of the chromatographic  method with 
tr iglycerides labeled with C14-tripalmitate was car- 
ried out for  tr iglycerides f rom three different cotton- 
seed oils and was repeated five times for each sample. 
In  Table I the count rates for each sample-blank pa i r  
were written. The comparison of the mean values 
showed that  the difference between sample- and blank- 
measured act ivi ty  did not exceed the 1% found as the 
limit of counting error. Consequently, if  a difference 
between sample and blank count-rate existed, i t  was 
negligible and it might  therefore be concluded tha t  
the whole quant i ty  of neutra l  tr iglycerides was passed 
through the column. 

In  Table 1I the results f rom the t rea tment  of 
carr ier-free C14-tripalmitate are shown. The proce- 
dure  was followed for  three different activities, and i t  
was repeated five times for  each one. The results show 
that  the mean values of the count rates of each sample- 
blank pair  are absolutely comparable and that  the 
difference between them does not exceed the 1%. 

In  both cases, with or without carrier,  the C 14- 
t r ipalmita te  has been passed thoroughly through the 
column. Therefore, f rom this point  of view, no error  
has been observed in the chromatographic  method. 

Determination of Refining Loss 
The ease may  be different with a vegetable oil 

which may  be considered as a mixture.  B y  apply ing  
the chromatographic  method for  the determinat ion of 
the refining loss, there is no way to check whether the 
neutra l  tr iglycerides have been thoroughly separated 
f rom the other substances or whether a small per-  
centage has been retained in the column. This may  be 
checked by  radiochemical procedures, especially by  
the known "isotope dilution analysis." 

A given amount  of oil, containing the unknown 
weight of neutra l  tr iglyeerides Wo, is mixed with the 

TABLE I 

Radiochemical  Control of the Chromatographic  Method by Neutral  
Triglycer ides  a Labeled w i th  Cl~-Tripahnitate 

Sample  1 2 3 

B l a n k  Sample B l a n k  Sample B l a n k  Sample  
Specimen c / 3 m  e / 3 m  e / 3 m  c / 3 m  c / 3 m  c / 3 m  

1 11017 10924 10498 10318 11151 11108 
2 11168 10963 10386 10426 11226 10992 
3 11059 10982 10392 10404 11314 11154 
4 11100 11005 10405 10502 11285 11186 
5 11102 11018 10304 10828 11250 11224 

Mean va lues  11089 10978 10397 10395 11245 11132 

a Total  we igh t  of t r ig lycer ides  t a k e n :  2.5 g inac t ive  t r ig lyeer ides  q- 
0.002 g 014-tripahnitate ( ac t iv i ty  0.1 tLO). 

T A B L E  II 

Radiochemical Control of the Chromatographic Method by 
Carrier-Free Cl~-Tripalmitate 

Total  weight  0.002 g 0,01 g 0 .0004 g 

Rad ioac t iv i ty  0.1 t i c  0.5/~O 0.02 t~C 

B l a n k  Sample B l a n k  Sample  B l a n k  Sample  
Specimen e / 3 m  c / 3 m  c / 3 m  c / 3 m  c / 3 m  c / 3 m  

1 11002 10972 51039 50836 2232 2214 
2 10953 10950 51026 51005 2200 2186 
3 11028 10935 51805 50950 2216 2295 
4 11056 11008 51560 51183 2228 2208 
5 10980 10890 51762 51020 2195 2256 

Mean values  11004 10951 51438 50998 2214 2231 

known weight W1 of pure, labeled triglycerides, which 
has total radioact ivi ty  R. The specific act ivi ty $1 
of W1 may be found f rom the relation, 

S1 - [ 1 ]  
Wx 

The total amount  of tr iglyeerides in the mixture  is 
now We + Wl  with the same total act ivi ty R but  
with the specific activity $2 given f rom the relation, 

R 1%' 
S,, . . . .  [ 2 ]  

Wo + Wl  p 

where R '  is the total act ivi ty  of a f ract ion p of the 
quant i ty  Wo + W1. 

I t  seems clear that,  for  the determinat ion of $2, 
it is not necessary to separate  the total  amount  of 
W,  + W1 but just  a f ract ion p, no mat te r  what  per- 
centage of Wo + W1 has been retained in tile column. 

By comparing (1) and (2), the quant i ty  Wo may  
be calculated without absolute separat ion:  

WI(S1  - 82) 
Wo = [~] 

$2 

P r o c e d u r e  

To take always the same amount  of W1, 0.02 g of 
C14-tripalmitate was dissolved in a 200-ml volumetric 
flask with E-M solution, and the flask was filled (Solu- 
tion A ) ;  5 ml (containing 0.0005 g of C la- 
t r ipalmita te)  were taken each time. 

The official AOCS method was followed. A given 
amount  of oil was diluted in a small Er lenmeyer  flask 
with 10 ml of E-M solution and 5 ml of Solution A. 
Af te r  the solution had been well homogenized, it was 
t ransfer red  to the alumina column. To take always 
a weight (p) of the same order and to avoid errors 
f rom the difference in density dur ing  the counting, 
a small modification was made. Ins tead of pu t t ing  
the percolate with the washes in a soxhlet flask, they 
were collected in a 200-ml volumetric flask, which 
was then filled with E-1Vf solution. A 20-ml aliquot 
was taken and evaporated in a glass tube according 
to the official AOCS method. Af te r  drying,  cooling, 
and weighing (wt p) ,  5 ml of Se and 5 ml of E-!Vf 
solution were added, the content was dissolved, and 
the act ivi ty R '  was measured. The specific act ivi ty 
$2 was calculated. 

Since pre l iminary  experiments  showed tha t  the 
count rate of active samples varied with the density 
and the color of the solution, $1 was calculated under  
the same conditions by determining blanks as follows. 
The same amount  of oils was dissolved with 15 ml of 
E-M solution (no radioactive addition) and  t rans-  
ferred to the column. The percolate and  the washes 
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w e r e  c o l l e c t e d  i n  a 2 0 0 - m l  v o l u m e t r i c  f lask ,  5 m l  of  
S o l u t i o n  A w e r e  a d d e d ,  a n d  t h e  f l a sk  w a s  f i l l ed  w i t h  
E-1V[ s o l u t i o n .  A 2 0 - m l  a l i q u o t  w a s  t a k e n ,  t r e a t e d  as  
a b o v e ,  a n d  c o u n t e d .  

F r o m  t h e  r e l a t i o n  ( 3 )  Wo,  t h e  a b s o l u t e  n e u t r a l  o i l  
c o n t e n t  c a n  be  c a l c u l a t e d  w h e t h e r  i t  is  c o m p l e t e l y  
s e p a r a t e d  or  no t .  
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rfABLE III  
Refining Loss of Greek Cottonseed Oils, Determined by the Chroma- 

tographic Method (C%) and Calculated by Radiochemical 
Procedure (R%) 

R e s u l t s  a n d  D i s c u s s i o n  

T h e  r e f i n i n g  loss  a n d  t h e  n e u t r a l  oi l  w e r e  d e t e r m i n e d  
b y  b o t h  t h e  r a d i o c h e m i c a l  p r o c e d u r e  a n d  t h e  c l a s s i c a l  
c h r o m a t o g r a p h i c  one  f o r  15 s a m p l e s  of  G r e e k  c o t t o n -  
s eed  oi ls  w i t h  a g r e a t  r a n g e  i n  F F A  c o n t e n t .  F o r  
e a c h  s a m p l e  t h e  d e t e r m i n a t i o n  w a s  c a r r i e d  o u t  i n  
t r i p l i c a t e ,  a n d  m e a n  v a l u e s  w e r e  c a l c u l a t e d .  

I n  T a b l e  I I I  t h e  r e s u l t s  c o n c e r n i n g  t h e  r e f i n i n g  
loss,  as  d e t e r m i n e d  b y  b o t h  p r o c e d u r e s ,  a r e  t a b u l a t e d .  
Oi l s  a r e  l i s t e d  b y  i n c r e a s i n g  F F A  c o n t e n t .  T h e s e  
r e s u l t s  s h o w  t h a t  t h e  c h r o m a t o g r a p h i c  r e f i n i n g  loss  
i n  a l l  cases  is a l i t t l e  g r e a t e r  t h a n  t h e  one  c a l c u l a t e d  
b y  t h e  r a d i o c h e m i c a l  p r o c e d u r e .  P o s s i b l y  t h i s  is  a t t r i b -  
u t a b l e  to  a n  e r r o r  i n  t h e  c h r o m a t o g r a p h i c  r e f i n i n g  
loss. 

I n  t h e  l a s t  c o l u m n  of  T a b l e  I I I  t h e  p e r c e n t a g e  
of  t h e  d i f f e r e n c e  b e t w e e n  t h e  t w o  m e t h o d s  is  t a b u l a t e d  
as  c a l c u l a t e d  o n  t h e  b a s i s  of  r a d i o c h e m i c a l  r e f i n i n g  
loss. 

A p l o t  of  m e a n  v a l u e s  of  t h e  r e f i n i n g  loss,  a c c o r d i n g  
to  t h e  t w o  p r o c e d u r e s ,  g ives  a s t r a i g h t  l ine .  T h e  
s lope  a n d  t h e  i n t e r c e p t  of  t h i s  l i ne ,  c a l c u l a t e d  b y  t h e  
m e t h o d  of  l e a s t  s q u a r e s ,  w e r e  f o u n d  to  be  r e s p e c t i v e l y  
b = 1.06 a n d  a ---- 0.16.  T h e  s d  of  b a n d  a w e r e  f o u n d  
to  b e  Sb = •  a n d  Sa = - - + 0 . 2 0 .  

T h e  c o r r e l a t i o n  coef f ic ien t  of  t h e  s t r a i g h t  l i n e  w h i c h  
w a s  o b t a i n e d  w a s  f o u n d  to  be  r - -  0.99,  g i v i n g  a g o o d  
c r i t e r i o n  of  l i n e a r i t y .  Sa is g r e a t e r  t h a n  a, r a i s i n g  
d o u b t s  a b o u t  t h e  e x i s t e n c e  of  a n  i n t e r c e p t .  B u t  t h e  
p r e v i o u s  e x p e r i m e n t s ,  w h e r e  n e u t r a l  t r i g l y c e r i d e s  
p a s s e d  c o m p l e t e l y  f r o m  t h e  c o l u m n ,  s h o w e d  t h a t ,  
w h e r e  t h e  t h e o r e t i c a l  r e f i n i n g  loss  e q u a l s  zero ,  n o  
c h r o m a t o g r a p h i c  r e f i n i n g  loss  c o u l d  b e  o b s e r v e d .  
T h e r e f o r e  a o u g h t  to  be  e l i m i n a t e d .  

C o n s e q u e n t l y ,  f o r  t h e  a v e r a g e  r e l a t i o n s h i p  b e t w e e n  
t h e o r e t i c a l  r e f i n i n g  loss  ( d e t e r m i n e d  b y  t h e  r a d i o -  
c h e m i c a l  p r o c e d u r e )  a n d  c h r o m a t o g r a p h i c  loss ,  t h e  
f o l l o w i n g  e x p r e s s i o n  m a y  b e  p r o p o s e d :  

C h r o m a t o g r a p h i c  r e f i n i n g  loss  = 
1.06 ( t h e o r e t i c a l  r e f i n i n g  loss )  [4]  

T h e  f a c t  t h a t  t h e  c h r o m a t o g r a p h i c  r e f i n i n g  loss  

Refining Loss 

% l o o  (C-R) Sample FFA R % C % 
Theoretical Chromatographic R 

1 0.2 0.2 -4- 0.04 0.2 • 0.04 0.0 
2 8.8 9.1 "+" 0.10 9.2 - -  0.06 1.1 
3 10.9 12.7 -- 0.26 13.8 "4- 0.06 8.7 
4 12.4 13.5 ~ 0.04 14.8 ~- 0.14 9.6 
5 12.4 13.8 -4- 0.15 15.0 ----- 0.14 8.7 
6 14.4 15.6 -~- 0.24 16.6 ~- 0.32 6.4 
7 16.2 17.5 -~- 0.32 19.1 -~- 0.10 9.1 
8 20.3 20.7 ~ 0.17 22.1 ~- 0.04 6.8 
9 24.0 24.1 ----- 0.27 25.4 ----- 0.10 5.4 

10 24.2 24.5 ----- 0.63 26.6 ~ 0.17 8.5 
11 26.5 29.2 • 0.04 30.5 • 0.07 4.4 
12 27.8 29.1 • 0.55 30.8 ----- 0.04 5.8 
13 27.9 29.0 ~- 0.13 30.6 ----- 0.04 5.5 
14 28.2 28.3 -~ 0.60 30.5 • 0.21 7.7 
15 32.7 35.1 -~- 0.79 37.4 ~- 0.17 6.5 

e x c e e d s  t h e  t h e o r e t i c a l  loss  o n l y  w h e n  t h e  oil  con-  
t a i n s  F F A  a n d  o t h e r  s u b s t a n c e s ,  b u t  n o t  n e u t r a l  t r i -  
g l y c e r i d e s ,  i n d i c a t e s  t h a t ,  d u r i n g  t h e  s e p a r a t i o n ,  
a l u m i n a  r e t a i n s  a s m a l l  p e r c e n t a g e  of  n e u t r a l  t r i -  
g l y c e r i d e s  i n  a d d i t i o n  to  F F A  a n d  t h e  o t h e r  m a t t e r .  
I t  w i l l  be  w o r t h  w h i l e  to  f i n d  o u t  w h e t h e r  t h i s  is  
a t t r i b u t a b l e  o n l y  to  F F A  o r  t o  a n o t h e r  k i n d  of  
m i x e d  m a t t e r .  T h i s  w o r k  h a s  a l r e a d y  b e e n  u n d e r -  
t a k e n ,  a n d  i t  w i l l  be  r e p o r t e d  soon.  
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