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viscosities of the samples that  were exposed to light 
had more than  doubled their  original values of 120.7 
and 125.0 (at  26C) centistokes, respectively, while 
those of the oil and tr ivernolin tha t  were protected 
f rom light had increased a max of 27% and 4%, 
respectively. Also, a ni trogen atmosphere provided the 
most protection against  loss of oxirane oxygen. In  
fact, the oil samples that  were stored under  ni trogen 
retained their  original level of epoxy component. 

As shown in Figures  1 and 2, storage of low F F A  
Vernonia oil and tr ivernolin for six months at 100C 
in a ni trogen atmosphere had little effect on their  
epoxy contents. Addit ion of a stabilizer, tert-butyl- 
hydroquinone (0.3%) also prevented any  appreciable 
loss of epoxy f rom trivernolin.  However,  the viscosi- 
ties of these samples increased great ly  in six months 
to 300.4, 292.1 and 298.0 eentistokes, respectively. The 
oil and the t r ivernol in that  had no stabilizer added 
were completely polymerized, and the oil tha t  had 
stabilizer added was too viscous to measure. The oxi- 
rane oxygen content of these samples decreased con- 
siderably in six months (Figs. I and 2). 

The epoxy content of low F F A  Vernonia oil was 
not affected adversely by storage at 4C for  six months 

and had a max increase in viscosity of 21%. The epoxy 
content of t r ivernolin decreased only 2-4%,  but the 
viscosities of the samples stored with and without 
stabilizer increased to 215.7 and 209.7 eentistokes, re- 
spectively, while that  of the sample stored under  
ni trogen increased to 168.5. 

These results show tha t  under  certain conditions of 
storage Vernonia oil and tr ivernolin undergo changes 
in their  physical nature  that  are not always indicated 
by the oxirane oxygen values. On the other hand, a 
decrease in oxirane oxygen content was aceompanied 
by an inerease in viscosity. 
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Determination of Refining Loss in Oil of Pistacia Seeds 
C.'A.  M A R C O P O U L O S ,  1 General Chemical State Laboratory, Athens, Greece 

Abstract  
The laboratory  refining loss and the neutra l  

oil content of the crude oil of Pistaeia  seeds are 
determined by the Wesson, acetone-insoluble and 
chromatographic  methods and the results are 
compared. 

Fo r  a var ie ty  of samples with a different free 
f a t t y  acid content, the refining loss by the chro- 
matographic  method is determined and an ex- 
pression for  the relationship between laboratory  
refining loss and free f a t t y  acid content of Pis- 
tacia oil is proposed. 

Introduct ion 

T H E  R E F I N I N G  E F F I C I E N C Y  Of  a vegetable oil is given 

by the ratio ~ vv-., where N is the refinery yield 
N ± ± ~ I  

of neutra l  tr iglyeerides calculated as the wt percent-  
age of the crude oil and N + N1 the actual  neutra l  oil, 
i.e., the actual  percentage of neut ra l  tr iglyeerides in 
the crude oil, determined by  analysis. To check re- 
fining efficiency, both N and N + N1 are required. 
F rom these data, the amt  of neutra l  oil which is lost 
(N1) through the saponification and emuleification 
may  be determined. 

The refinery yield of neut ra l  oil may  be determined 
by various methods (1-3) .  On the other hand actual  
percentage of neutra l  tr iglycerides is usual ly deter- 
mined by one of three generally reeognised methods, 
Wesson (4-6) ,  acetone-insoluble (7-9) and chromato- 
graphic (10-16).  

Since the actual  results of any  of these three meth- 
ods differ, a t tempts  have been made to establish a 
correlation between them. P u r d u m  and Werber  (17) 

1 Present address: Nuclear Research Center "Democri tus ,"  Chemistry 
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determined the refining loss of many  samples of cot- 
ton seed and soybean oil by the Wesson and acetone- 
insoluble methods and found relationships between 
them and the cup-test (3) ; but  though the chromato- 
graphic  method is receiving increasing at tent ion very 
few a t tempts  have been described to correlate it with 
other methods. 

This work concerns correlation of the refining loss 
determined by  Wesson, acetone-insoluble and chro- 
matographic  method. Also the chromatographic  refin- 
ing loss of Pistaeia seed oil is compared with its free 
f a t ty  a c i d  ( F F A )  content. 

Since Pistacia lentiscus L. and Terebinthus L. are 
abundant  in Greece, the oil f rom their  seeds has multi-  
ple uses. There is no technological research reported 
on this oil in the l i terature,  therefore this oil was 
chosen for the above determinat ion and correlation. 

Procedures  
T h e  R e f i n i n g  L o s s  

To check the refining" loss, five different kinds of 
Greek Pistaeia oils were analysed. Fo r  each one, 
various specimens were examined and average values 
for phosphatides, F F A ,  moisture and volatile matter ,  
and neutra l  oil were determined. 

1. Acetone-Insoluble Method. The sum of moisture 
and volatile matter ,  F F A  and phosphatides give the 
laboratory  refining loss according to this method. 

TABLE I 

Neutral Oil by the Acetone-Insoluble Method 

I %o::,Most [ % [ Sample % " 
No. FFA vol~.~m. Phosph. 

~ i ~  ~ T -  o.o3 
6.88 0.17 0.05 I 

19.02 0 0.06 I 
3.32 0.46 0.05 [ 

l 5.60 t 1.77 0.05 I 

Total % 
% ref. Neutral 
loss A oil 

6.46 93.54 
7.10 92.90 

19.08 80.92 
3.83 96.17 
7.42 92.58 
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Sample 
No. 

T H E  J O U R N A L  OF T H E  A M E R I C A N  O I L  

T A B L E  I I  
N e u t r a l  Oil  by  Wesson  and  C h r o m a t o g r a p h i c  Methods  

Speeimei: 
No. 

a2g 
b 
c 
d 

A~-g 
b 
e 
d 

A v g  
a 
b 
e 
d 

A2-g 
b 
e 
d 

Ave: 

By Wesson  Method 

% 
Refininp: ~s 

7,27 
7,80 
8.00 
8.15 

7.81 
8.56 
8.20 
8.38 
9,10 

21.43 
19.81 
22.40 
22.80 

21.61 
3.99 
4,20 
3,80 
3,97 

3.99 
9.38 
8.30 
9.04 
8.64 

~v 

_ _ o o  [_ 

1.208 

1.205 

1,132 

1 . 0 4 1  

1.191 

B y  C h r o m a t o g r a p h i c  Method 

% 
Ref in ing  

7,25 
7,50 
7.00 

8,00 
7.75 
7,05 

7,60 
21,79 
20.32 
20,53 

2T.~ 
4.56 
4.32 
4,02 

10.25 
9.27 
9.80 

9--~ 

x x 

1.122 0.928 

1.070 0 ,888 

1 .03I  0 .966 

1.122 1.077 

1.316 1,106 

Though for reasons given below the original acetone- 
insoluble nlethod was not followed, its name was re- 
tained in the present  method as originally appear ing  
in the l i terature (7-9) .  

Phosphatides,  F F A ,  moisture and volatile mat te r  
were determined as follows: 

a) Phosphatides. The determinat ion of phospha- 
tides is the most sensitive and t ime-consuming 
par t  of the method. According to Pilette and 
Bagot  (20) the acetone-insoluble method does 
not give good results when the phosphat ide con- 
tent  is small. On the other hand, P u r d u m  and 
Werber  (17) have proposed the colorimetrie 
determinat ion of phosphorus according to the 
quick method of Becker and Krul l  (21). 

The sanle method was followed in this work. 
S tandard  solutions of N a 2 H P 0 4 "  12H20 were 
measured at  700 m~ and then the oil specimens 
were t reated according to the method and meas- 
ured under  the same conditions. 

b) Moisture and Volatile Matter. The Official and 
Tentat ive Methods of AOCS (18) was applied. 
The amt  of moisture and volatile mat te r  in the 
samples examined was found to be between zero 
and 1.77%. The results are tabulated in Table 
I. 

c) Free Fat ty  Acids. The percentage of F F A  (19) 
was calculated on the assumption tha t  their  aver- 
age mol wt was 278. This number  was derived 

TABLE III 

F F A  Content  of P i s t a e i a  Oil and  Cor r e spond ing  Re f in ing  Loss  
D e t e r m i n e d  by  the  C h r o m a t o g r a p h i c  Method 

% 
R e f i n i n g  

l o s s  
m e a n  v. 

- -  - - - - - - -  - -  1 % 

Sample  % f R e f i n i n g  I Sample  I % 
No. F F A  loss No. F F A  

m e a n  v. 

4 3 . 3 2 1 4 _ ~ - - t 6 /  9.62 
9 4 .20 / 5,40 [ 11 / 12.02 
5 5.60 / 9,77 / 7 / 12.56 
1 6.31 7.25 12 14,98 
2 6.88 I 7,60 8 / 16.07 

10 8.55 9.55 3 19.02 

10.30 
12.82 
14.00 
15.05 
17.05 
20.88 
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f rom the average saponification value of the 
f a t ty  acids of Pistacio oil, which was found to 
be 202. 

The sum of moisture and volatile mat te r  F F A  
and phosphatides gave the laboratory  refining 
loss (A).  The refining loss substraeted f rom 
100 gave the neutra l  oil content shown in Table 
I. 

2. The Wesson Method. The refining loss as modi- 
fied by Jamieson (6) was followed. The crude oil dis- 
solved in petroleum ether is neutral ized with 14% 
alcoholic K O H  solution. Neut raI  oil is recovered by 
successive washes with petroleum ether. 

Four  determinations were made on each sample. 
In  Table I I  the refining loss (W) and the neutra l  
oil as well as their  nlean values for each sample are 
given. Also, the ratio of the refining loss obtained 
by the Wesson method over the corresponding refining 
loss obtained by the acetone-insolnNe method for  each 
sample is given. 

3. The Chromatographic Method. The neutra l  oil 
according ot the AOCS chromatographic  method, 
(16) was followed. 

Grade F. Alumina  80-.900 mesh was t reated and 
used as described in the method. 

The same samples used for the Wesson and acetone- 
insoluble methods were used. Each sanhple was run  in 
triplicate. 

I n  Table 1I the neutra l  oil and  the refining loss (X) ,  

their  mean values for  each sample and  the rat io X 
A 

as well as the ratio are given. 

Comparison of the Results 

The results obtained by the Wesson and chromato- 
grapie methods are in all cases higher than  correspond- 
ing results obtained by the acetone-insoluble method, 
irrespective of the F F A  content of the oil. 

As fa r  as the Wesson and acetone-insoluble methods 
are concerned the results are in quali tat ive argeement  
with the results of P u r d u m  and Werber  (17) for 
cotton seed and soybean oil: since the phosphatide 

W content of Pistacia oil is low, the ratio -A was expected 

to be small but  higher than  unity.  Indeed, mean 
values of the refining loss obtained by the Wesson 
method, correlated with the corresponding refining 
loss obtained by the acetone-insoluble method give 

W higher than uni ty  (Table I I ) .  in all cases a ratio ~-  

On the other hand, the correlation of the mean 
values of the refining loss obtained by  t h e  chromato- 
graphic method with the corresponding results of the 

X acetone-insoluble method gives a ratio ~ -  also higher 

than  uni ty  in all cases (Table I I ) .  Both the Wesson 
and chromatographic  methods seem to give similar re- 
sults. However, to correlate X with W, more data in 
some other kinds of oil are needed. 

C o r r e l a t i o n  o f  t h e  R e f i n i n g  L o s s  w i t h  t h e  I ~ F A  C o n t e n t  

For  the correlation of the refining loss obtained by  
the chromatographic  method with the F F A  content of 
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Pistacia oil, the collection of more data  in a wide 
range of percentage in F F A  was needed. To ac- 
complish this, samp]es of pistacio oil examined were 
mixed in a manner  to produce a var ie ty  of new sam- 
ples covering the range of 0-20% in F F A  content. 

Fo r  all the new samples the F F A  content and the 
labora tory  refining loss according to the chromato- 
graphic  method were determined. Three or four  speci- 
mens were examined for each sample and the mean 
value was taken. Table I I I  shows that  this value is in- 
creased by increasing percentage of F F A .  

A plot of mean values of the refining loss against  
percentage of F F A  gives a s t ra ight  line. The slope 
and the intercept  of this line, calculated by  the method 
of least squares, were found to be, respectively, b = 
1.015 and a = 0.81. The s.d. of b and a were found to 
be Sb = ±0.029 and Sa = +___0.30. 

I t  is evident tha t  even within two s tandard  devia- 
tions, a exists and t he r e fo re - -  as expected f rom the 
t h e o r y - - a  refining loss exists even when the F F A  con- 
tent  equals to zero. 

The correlation coefficient of the s t raight  line ob- 
tained was found to be r = 0.99 giving a very  good 
criterion of l inearity.  

M A R C O P O U L O S :  R E F I N I N G  L O s s - - P I S T A C I A  S E E D  O I L  1 5 1  

Consequently, for  the average relationship between 
refining loss determined by the chromatographic  
method and F F A  content of Pistaeia oil, the follow- 
ing expression may  be proposed:  

percentage refining loss = 0.81 + 1.015 (percentage FFA) 

A C K N O W L E D G N E N T  

Suggestions for the research topic, and supervision and helpful criti- 
by I.  Zaganiaris, Professor of Industr ial  Chemistry, University of Athens. 

REFERENCES 

1. James, E. M., JAOCS 3"2, 581 (1955).  
2. Crauer, Lois S., and F. E. Sullivan, Ibid. 38, 172 (1961).  
3. Official and Tentative Methods of AOCS (1946) Ca-9a-52. 
4. Wesson, D., The Cotton 0il Press. VI ,  4. 
5. Wesson, D., J. Oil Tat  Ind. I I I ,  297-305 (1926).  
6. Jamieson, G. S., Oils Tats Ed. 2, New York, 1944, p. 454. 
7. Freyer, E., and V. Shelburne, Fette u. Seifen 53, 101 (1951).  
8. Naudet, M., R.F.C.G. 1, 319 (1954).  
9. Naudet, M., ~I. Arland and S. Bonjour, Ibid. 4, 230 (1954).  
10. Kaufmann,  H.  P., and O. Schmidt, Fette u. Seifen 47, 294 

(1940).  
11. Linderis, L., and E. Handschuhmaker,  JAOCS 27, 260 (1950).  
12. Har tmann,  L., and M. D. L White, Ibid. Z9, 117 (1952).  
13. King, R. R., and F. W. Wharton, Ibid. 25, 66 (1948).  
14. Sipos, E., Ibid. 35, 233 (1958).  
15. Wolff, E. P., /Y[ises au point de Chimie Analytique VI ,  129 

(1958).  
16. Official and Tentative Methods of AOCS, Oa-9f-57. 
17. Purdum, tt . ,  and O. Werber, F.S.A. 61, 1010 (1959).  
18. Official and Tentative Methods of AOCS, Ca-2c-25. 
19. Wolff G., and J. P. Wolff, "Methode d'analyse et de Contrgle in- 

dustriel des matigres grasses (Paris  1953). 
20. Pilette, M., and Y. Bagot, L'huilerie de Cotton 10, 73 (1956),  
21. Beeker, E.. and L. Krull, F.S.A. 60, 447 (1958).  

[ R e c e i v e d  A u g u s t  19, 1 9 6 3 - - A c c e p t e d  J u l y  28, 1964]  

The Expansion and Extraction of Rice Bran 

M A U R I C E  W I L L I A M S  and S H E L D O N  BAER, The  V. D. Anderson Company, Cleveland, Ohio 

Abstract 
Expansion of rice b ran  as a p re t rea tment  for 

solvent extraction was studied. I t  was found that  
the expanded bran  showed no rise in free f a t t y  
acid ( F F A )  even when stored at  room temp, in 
open containers, for  a period of three months, and  
a slight rise af ter  one year  s torage;  and that  the 
b ran  was agglomerated into large particles which 
eliminated the " f i n e s "  and channeling problems 
characteristic of rice b ran ;  and tha t  the retention 
t ime for  good extraction was on the order of 45 
rain;  and tha t  the percolation rate for  a four  ft. 
depth  of expanded b ran  was on the order of 35 
g p m / f t  2. 

Introduction 

T H E  PROBLEMS E N C O U N T E R E D  i n  the solvent extrac- 
tion of rice bran  are well known and widely re- 

por ted and have rendered the usual type  extractors,  
the total submergence columns and percolation units, 
pract ical ly useless in handl ing rice bran. The prob- 
lems with rice b ran  are associated with its finely granu-  
lated nature  and its tendency towards rapid  conver- 
sion of the rice oil into F F A .  Fines cause problems 
in the clarification of miscella (4,10), the condensation 
of the fines-ladened vapor  f rom the desolventizers (4) 
and channeling within the baskets (4 ) ;  they have 
become so troublesome as to force some operators to 
run  their  extractors  f a r  below capaci ty (10). 

The rapid  conversion of rice oil into F F A  is due to 
the action of a lipolytic enzyme which is act ivated dur-  
ing the mill ing operation (7) and, to a minor  extent, 
the action of bacteria and molds in the presence of air  
and moisture (6). The F F A  level increases rap id ly  

(6,7,17) reaching a level of 50-70% in only 90 days 
storage time (7). A var ie ty  of methods to inhibit  the 
rise of F F A  have been reported,  some of them by 
chemical methods (7,17), and others by heat steriliza- 
tion of the b ran  and storage under  arid conditions 
(1,2,4,7,13). 

When heat steri]zation t rea tment  is given in the 
presence of a moisture level sufficient to cook the 
material ,  the addit ional benefit of fines agglomeration 
is obtained (4). This development of cooking rice b ran  
to eliminate the fines and re ta rd  the F F A  formation,  
which are the two most vexing problems concerning 
the processing of rice bran,  would render rice b ran  
as easily extracted as any  other well p repared  oil seed 
(1,2,4,1.2,13). 

The deactivation of the lypolytic enzyme and the 
sterilization of the bran  due to the temp of cooking, 
enables the t reated bran  to be stored for  long periods 
of t ime with no significant increase in F F A .  Cooking 
also releases the oil (4) similar to the effect of cooking 
upon other oleaginous materials.  The fines agglomera- 
tion, which is due to the gelatinization of carbohy- 
drates and proteins contained in the b ran  (2,4,12,13), 
helps to increase the percolation rate o£ the t reated 
mater ial  as well as eliminate the problems encountered 
in the miscella clarifiers and meal desolventizers. 

Much of the work with rice b ran  has been done by 
Southern Regional Research Laboratory,  who pub- 
lished their  results in a series of journal  articles (2-4, 
16). 

Experimental Procedures 
Rice Bran. The rice b ran  used for  this project  was 

obtained f rom the Blue Ribbon Rice Mills Inc., 


