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I o d i n e  Va lue  and  F a t t y  Acid Composi t ion of Rice  B r a n  L i p i d s  and  
Commerc ia l  Oils as l~eported by V a r i o u s  I n v e s t i g a t o r s  

L I P I D S  2 7 5  

Sample  o r i g i n  I o d i n e  va lue  

P h i l i p p i n e s ( T a b l e  I )  b ................................ 90.5 
Un i t ed  S ta tes  ( c rude  oil) e ......................... I 103.4 
Un i t ed  Sta tes  (edible oil) e ......................... 105.3 
J a p a n  (15)  4 ............................................ 
Ph i l ipp ines  (5)  a ......................................... I "'99~3"" 
Ph i l ipp ines  (6)  a ........................................ I 99 5 
V a r i o u s  sources  (7 )  ................................... I 99-108 

F a t t y  acid  a 

1 4 : 0  1 6 : 0  1 6 : 1  1 8 : 0  1 8 : 1  1 8 : 2  1 8 : 3  2 0 : 0  

0.4 18.3 0.2 1.4 41.0 37.0 1.1 0.6 
0.4 17.9 0.2 1.3 41.2 37.7 1.1 0.1 
0.5 18.3 0 .4  1.5 45.0 33.5 0.5 0.3 
0.55 e 20.99 .... 1.63 38.14 37.79 0.90 
0.2 18.7 .... 1.9 49.3 29.9 .... 0:7 
0.1 18.3 .... 2.8 49.0 29.8 0.5 
0 .4 -1 .0  13--18 .... 1--3 40--50 29--42 0 " 1  .... 

a W t  % of total  acids .  
b M e a n  of 4 var ie t ies .  T race  1 2 : 0  presen t .  
c Mean  of 3 de t e rmina t ions .  T r a c e  1 2 : 0  p resen t .  
4 Reca lcu la ted  to exclude unsaponi f iab le  ma t t e r .  

I n c l u d i n g  1 2 : 0 .  

fatty acid composition of the brown rice lipids of the 
four Asian rice samples may be calculated as 0.4% 
myristie, 20.4% pahnitie, 0.2% palmitoleie, 1.6% 
stearie, 41.3% oleic, 34.5% linoleie, 1.0% linolenic, 
0.6% araehidic, and trace laurie. This compares well 
with data based on U.S. whole rice lipids: 13% pal- 
mitic, 2% stearic, 4% other saturated acids, 42% 
oleic, 38% linoleic, and 1% other unsaturated acids 
calculated as percentage of total acids (8). 
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Effect of Oxygen and Other Factors m Selenium 

Isomerization of Unsaturated Fatty Acid Esters t2 
Catalyzed 

V. V. R. SUBRAHMANYAM, 3 and F. W. QUACKENBUSH, Department of Biochemistry, 
Purdue University, Lafayette, Indiana 

Abstract 
hd the trans-isomerization of ethyl linoleatc 

using 1% selenium as catalyst under nitrogen, 
200C was found to be the optimal temperature. 
Conjugation and polymerization were concurrent 
with the formation of the trans esters. In the iso- 
merization of ethyl oleate with selenium, the dou- 
ble bond did not migrate to any appreciable 
extent. 

Isomerization studies were performed on olive, 
safflower and linseed oils and ethyl esters of oleie, 
linoleie and linolenic acids. Time to reach maxi- 
mal trans isomer content was longest with liuole- 
hate esters; glyeerides reacted more rapidly than 
ethyl esters, and with lesser polymerization. 

Oxygen was found to be an important partici- 
pant in the trans-isomerization reaction. Its ex- 
clusion resulted in sharply diminished reaction 
rates. Benzoyl peroxide and hydrogen peroxide 
accelerated while an antioxidant (BHT) retarded 
the reaction. 

1 J o u r n a l  P a p e r  No. 2046, P u r d u e  U n i v e r s i t y  A g r i c u l t u r a l  Exper i -  
m e n t  Sta t ion.  

P r e s e n t e d  at  the  A O C S  Meet ing,  New Orleans ,  1962.  
3 P r e s e n t  a d d r e s s :  R e g i o n a l  Resea rch  Labora to ry ,  H y d e r a b a d ,  I n d i a .  

Introduction 

H EATING OF AN unsaturated fat ty acid with se- 
lenium is known to produce changes in con- 

figuration; at equilibrium the product has definite 
proportions of cis and trans isomers. The rates of 
isomerizatiou under nitrogen have been determined 
by various workers; in many of these studies, older 
methods of estimation of trans isomers were used and 
often led to conflicting results. The present experi- 
ments were performed to determine the optimal con- 
ditions for the preparation of trans fa t ty  acids. 

Bertram (1), in 1938, converted oleie acid to elaidic 
acid by heating with 0.5% selenium at 150C for 28 hr ; 
results showed that the reaction was trimolecular. 
Kass and co-workers (2,3) have studied isomerization 
of methyl linoleate and mixed methyl esters of lin- 
seed oil. During the preparation of linolelaidate and 
linolenelaidate with 1% selenium under nitrogen, they 
found that 6 and 17 hr, respectively, were needed to 
attain maximum trans ester formation. Hilditch and 
Jasperson (4) from their studies concluded that 
oleate and linoleate are similar in the amount of time 
required for complete isomerization. In more recent 
years Fitzpatrick and 0rehin (5) have studied oleic 
acid isomerization with selenium. They reported that 
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FIG. 1. Effect of 1% selenium treatment of ethyl linoleate 
at 200C on (A) absorptivity at 10.3 ~, (B) refractive index 
at 4~0C and, (C) % conjugated ester. 

in the early stages of heating, selenium eomplexed 
with the double bond and on prolonged heating could 
not be recovered. They suggested that  hydroselenides 
like hydroperoxides may be formed and be responsible 
for the isomerization. 

Materials  and Methods  

Olive, safflower and linseed oils were obtained f rom 
reliable commercial sources and their  pu r i ty  was con- 
firmed by gas-liquid chromatographic  analysis. E thy l  
olcate of 86.5% pur i ty  was prepared  by two successive 
crystallizations of the urea adduct  f rom the olive oil 
esters. S tar t ing  f rom safflower oil, ethyl linoleate was 
prepared  by ethanolysis and urea  fractionation,  with 
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FIG. 2. Eiffect of teulpe:rature on selenium catalyzed isomeri- 

zation of ethyl linoleate. (A) 210C, (B) 200C, (C) 190C, (D) 
180C. 
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FIG. 3. L inoleate conjugat ion ( f rom absorbance at 233 m/~) 
at four temperatures. (A) 2100, (B) 200C, (C) 190C, (D) 
180C. 

a pu r i ty  of 97.2%, the remainder  being oleate as ana- 
lyzed by gas chromatography  (6).  E thy l  linolenate 
with a pur i ty  of 93.3% (6.7 linoleate) was p repared  
by the mercuric acetate adduct  procedure of White 
and Quaekenbush (7). Selenium was certified reagent  
grade (Fisher  Scientific Co., Cat. No. S-137). Nitro- 
gen, commercial, of pu r i ty  99.7% (0.3% oxygen) un- 
less otherwise specified, was used to blanket  the 
reaction. 

Fo r  isomerization, 30 g of the ester with 1% sele- 
n ium in a three-necked flask was heated with con- 
trolled agitat ion in an oil bath, the t empera tu re  of 
which was mainta ined within •  Nitrogen, dried 
by passing through a sulfuric acid scrubber, was used 
to flush the flask init ially and a steady s t ream was al- 
lowed to flow through the flask at a rate of 30 ml /min .  
Nitrogen in the flask was mainta ined at a slight posi- 
tive pressure to prevent  diffusion of air into the sys- 
tem. Samples were taken at definite intervals and 
filtered before determining refract ive index (Abbe, 
40C). The amount  of conjugation was determined 
speetrophotometr ieal ly at 233 mff (Beckman D U) 
af ter  diluting to the proper  concentration with pur-  
ified methanol, or with purified isooctane in the ease 
of glyecrides. Absorpt iv i ty  at 10.3 ff was calculated 
f rom measurements  with carbon disulfide solutions 
containing 10-15 g of sample per liter. 

Resu l t s  and Di scuss ion  

During isomerization of ethyl linoleate with 1% 
selenium under  nitrogen, refract ive index, conju- 
gated diene, and trans-absorptivity were found to 
increase with t ime (Fig. 1). To reach peak absorptiv- 
ity, heating for  six hours at  200C was necessary and 
conjugated diene and a refract ive  index rose to 7.4% 
and f rom 1.4521-1.4574, respectively. Hea t ing  for  
longer periods resulted in an apparen t  loss of trans 
bonds, but the amount  of conjugation and hence 
polymerization increased with fu r the r  heating. The 
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FIG. 4. Trans bond formation (absorptivity at 10.3~) of lino- 
leate with 1% selenium. (A) 235C, (B) 210C, (C) 200C, (D) 
190C, (E) lS0C. 

max imum absorpt ivi ty  reached was lower than  the 
2/a value for t rans  bond content, bu t  the monomer, 
freed f rom polymers by high vacuum distillation, had 
near ly  two thirds of the absorpt ivi ty  value of the pure  
linolelaidate. 

The effect of temperature ,  dur ing the isomerization 
of ethyl linoleate with 1% selenium under  nitrogen, 
on refract ive index, percent  conjugated diene and 
absorpt ivi ty  at 10.3 ~ is shown in Figures  2,3, and 4, 
respectively. In  general, With increasing tempera tures  
all three reaction rates increased and 200C appears  
to be opt imal  for  the prepara t ion  of t rans  isomers. 
At  180 and 190C, although polymerizat ion and con- 
jugated  ester format ion were negligible in comparison 
with higher temperatures ,  t rans- i somer iza t ion  was also 
quite slow; absorptivit ies were 0.28 and 0.23 af ter  24 
hr as compared to 0.43 at 200C in 4 hr. Fo r  tempera-  
tures higher than  200C, the equilibrium was reached 
faster,  but  the competit ive predominancy  of unwanted  
side reactions of conjugation and polymerization gave 
an apparen t  lowering of t rans  bond content in the 
equil ibrium mixtures.  

A comparison of three ethyl esters and two na tura l  
oils revealed some differences in response to selenimn 
catalysis (Table I ) .  There did not appear  to be 
any  appreciable difference in isomerization ra te  of 
mono- and di-unsaturated acid esters in accord with 
an earlier observation (4), but  the isomerization rate 
of trienoie esters was much slower. The absorptivit ies 
at equilibrium of oleate and linoleate esters also were 
nearer  to the theoretical value for  two-thirds of the 
unsa tura ted  bonds than  that  of linolenate. This dis- 
crepancy arose f rom differences in the amount  of 
polymerization taking place, as the distilled mono- 
mer i t  esters had absorptivit ies near ing the 2/3 values. 
The glyeerides reached equil ibrium status earlier than 

T A B L E  I 

Trans-Isomerizat ion of Var ious  Es te rs  wi th  1 %  Selenium 
unde r  Commercial  Ni t rogen 

Es ter  or fa t  equTimeilibritunf~ Absorp t iv i ty  % of 
h r  at  10.3 tr theory* 

Et.  oleate ( 8 6 . 1 % )  .......................... I 6 ~  0.26 68.5 
Et.  l inoleate ( 9 7 . 2 % )  ...................... 6.0 0.42 60.9 
Same after  d is tn  ............................... I .... 0.49 70.0 
Et.  l inolenate  (93.3 % ) .................... 28.0 0.47 48.1 
Safflower oil ...................................... I 2.5 9.42 ...... 
L inseed  oil ......................................... ~ 22.5 0.47 ...... 

* Based on absorpt iv i t ies  of the crysta l l ine  esters p repared  in  this  
laboratory.  

the corresponding ethyl esters; perhaps  they were less 
prone to side reactions, since we observed relat ively 
lower rates of increase of refract ive index and of con- 
jugated ester formation.  

When samples of ethyl oleate were isomerized at 
200C with 1% selenium under  ni t rogen and under  
air, and the f ragments  result ing f rom subsequent 
per iodate-permanganate  oxidation were esterified with 
diazomethane and analyzed by gas chromatography  
(10 f t  D E G S  column with 66.5 m l / m i n  helium flow 
rate  and programmed between 65 and 200C at the 
rate  of 4C/ra in) ,  the results did not indicate any 
appreciable extent of double bond migration.  

In  an a t tempt  to reduce the extent  of polymeriza- 
tion, the dissolved air  in the ester pr ior  to reaction 
was replaced with ni t rogen by subject ing t o  high 
vacuum thrice and introducing nitrogen each time. 
In  another  trial, the oxygen present  in the ni trogen 
(Ca 0.3%) was eliminated by  reaction in a glass 
tube packed with fine copper wire, at 300C and the 
sample t reated as above. These procedures reduced 
polymer and conjugated ester format ion  rates  but  
also reduced the rate  of t rans  ester format ion (Fig.  5). 
The time to reach apparen t  equil ibrium was doubled 
by the oxygen reduction, and the relative amounts 
of polymer  and t rans  esters formed remained essen- 
t ial ly constant. These experiments  were repeated at 
other tempera tures  and also were per formed on saf- 
flower oil; the t rans- i somer iza t ion  ra te  was slowed 
always by  removal  of oxygen f rom the system. 

Format ion  of t rans  ester was dependent  on the 
amount  of oxygen present  in the system and this is 
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Fie. 5. Effect of oxygen removal on tran~s-isomerization of 
linoleate. (A) commercial nitrogen (0.3% 02) used to "blan- 
ket"  the reaction, (B) dissolved air in catalyst and ester 
replaced by commercial nitrogen before heating, and (C) same 
as B, using oxygen-free nitrogen (hot-copper treatment). 
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Fro.  6. E f f e c t  of  o x y g e n  s u p p l y  on trans-isomerizat ion of  

l i n o l e a t e  a t  180C, O2 in  N~: ( A )  2 1 % ,  ( B )  1 0 % ,  (C)  5 % ,  ( D )  
0 .3%,  ( E )  0 . 5 %  b e n z o y l  p e r o x i d e  a d d e d  to  f l a sk  con t en t s .  

shown by the results of isomerization of ethyl linoleate 
at 180C (Fig. 6). For  21,10, and 5% of oxygen in 
the atmosphere at 400 nlin the absorptivit ies were 
0.32,0.21, and 0.09 as compared to 0.06 at 720 rain 
for 0.3% oxygen. Conjugat ion and polymerization 
were also diminished. For  the above conditions the 
% conjugated diene was 9.5, 7.9, 6.2, and 1.5 and the 
refract ive index at 40C was 1.4601,1.4575,1.4560, and 
1.4539, respectively. Addit ion of benzoyl peroxide 
(0.5%),  initially, increased the rate of tra~,s ester 
format ion for isomerization of ethyl linoleate under  
commercial  nitrogen. 

The catalytic effect of benzoyl peroxide was di- 
minished by the addition of an antioxidant,  1% B H T  
(Fig.  7). The rates of polymerization and conju- 
gation also were diminished. For  the three tests: 
a) no additive, b) benzoyl peroxide added, and c) 
benzoyl peroxide and B H T  added, at 80 min the 
absorptivit ies at 10.3 ff were 0.21,0.27, and 0.09 and 
the conjugated diene eontents were 2.2,4.8, and 1.2%, 
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F I e .  7. A n t i o x i d a n t  e f fec t  on  p e r o x i d e - c a t a l y z e d  trans- 

i s o m e r i z a t l o n  of  l i n o l e a t e  a t  200C. ( A )  no a d d i t i v e s ,  ( B )  w i t h  
0 . 5 %  b e n z o y l  p e r o x i d e ,  (C)  w i t h  1 %  B H T .  

TABLE I I  
Absorptivities of Linseed Oil During Isomerization with Selenium 

under Commercial Nitrogen at 2000 

Additive 

Time hr 1 I 1% H~O~ % Benzovl ml [ (0.2 
BHT None ] peroxi~le ] 3 0 % )  

0.5 .......... ~ . ~  ................ ~ . 0 ~  0.12 [ 0.13 
1 0 . . . . . . . . . .  0 04 dlb5 0.13 / 0.27 

0.32 0.11 0,22 I 2.0 ....................................... 0.05 
4.0 ....................................... 0.08 0.~9 0.35 

0.23 0.33 / 0.37 6.0 ...................................... 0.12 0.24 I 
8 0 . . . . . . . . .  0 16 0,30 0.37 0.38 
10.0 ..................................... ] 0.20 ] 0.32 0.38 0.39 

respectively. Af te r  heating 240 min the refract ive 
indices rose f rom 1.4521-1.4555,1.4561, and 1.4539, 
respectively. The same general observations were 
made on safflower, linseed and olive oils. Hydrogen  
peroxide too, when added (0.2 ml/50 g) promoted 
the rate of isomerization. I t  was noted that  heating 
with either air or benzoyl peroxide alone in the ab- 
sence of selenium resulted in negligible amounts of 
trans esters even af ter  prolonged heating, but  the 
other two reactions, i.e. conjugation and polymeriza- 
tion, were taking place. 

In  an a t tempt  to eliminate completely peroxides as 
well as dissolved oxygen, safflower oil was preheated 
with magnetic s t i r r ing for 2 hr  at 180C under  vacuum 
(0.1 ram). Selenimn (1%) ,  which was suppor ted  in 
the vessel, was t ipped into the oil af ter  raising the 
tempera ture  to 200C, and heating with agitat ion was 
continued for three more hours. The resul tant  oil 
had an absorpt ivi ty of only 0.03, as compared to 0.42 
when no a t tempt  was made to remove oxygen. 

Because of the above observations, progress of the 
trans-isomerization reaction was observed with lin- 
seed oil under  a series of t rea tments  (Table [ I ) .  B H T  
clearly inhibited the reaction, even though no perox- 
ides were added. Hydrogen  peroxide accelerated the 
reaction more than benzoyl peroxide. 

Some practical  applicat ion may  be derived f rom 
these experiments  for those who wish to p repare  tra~s 
f rom cis esters. One should a) choose a glyceride 
ra ther  than a mono-ester as the s tar t ing  material ,  b) 
mainta in  the reaction tempera ture  near  200C, e) pro- 
vide for  a source of oxygen, and d) keep the antioxi- 
dant  content of the reaction mixture  at a minimum. 

Trans-isomerization and its accompanying polymeri-  
zation a n d  conjugation reactions were shown to be 
dependent  on the oxygen pressures. The dependence 
of trans-isomerization upon oxygen and its inhibition 
by ant ioxidant  action suggest tha t  peroxidation in 
some form precedes the reaction. The mere presence 
of per formed peroxide of the benzoyl peroxide type 
was not sufficient for immediate catalysis of the re- 
action. Perhaps  a more active fo rm of oxygen than 
that  present  in the relat ively stable peroxides is in- 
volved under  ord inary  conditions. That  such active 
fo rm exists in incipient peroxidat ion of f a t ty  acid 
esters had been observed in polargraphic  studies in 
our laboratory (8). Perhaps  these p r i m a r y  oxidation 
products  act as intermediates for the trans ester for- 
mation, the oxygen adding in the vicini ty of the un- 
sa turated linkage to form an intermediate,  which was 
postulated for auto-oxidation at relat ively lower tem- 
pera ture  (9,10), and with which the selenium then 
acts to release the unsa tura ted  bond in its new con- 
figuration. Be r t r am (1) f rom studies on the reaction 
kinetics has suggested t h a t  this reaction could be 
trimolecular.  Perhaps  the reaction proceeds as two 
successive bimolecular reactions: in one oxygen adds, 
and in the second it is removed, selenium par t ic ipat ing  
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in either one or both of these reactions. The position 
of equilibrium is well-known to favor the trans-isomer. 
This fact, and the comparatively slow rate of con- 
version of trans acids to cis acids may reflect, at least 
in part,  the slower rate of oxygen attack upon the 
trans configuration. 
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Search for New Industrial Oils. IX. 

@keg a Versatile Source of Fatty Acids 

R. W. MILLER, F. R. EARLE, I. A. WOLFF, Northern Regional Research Laboratory, 1 Peoria, Illinois, and 
Q. JONES, Crops Research Division, 2 Beltsville, Maryland 

Abstract 
Seed oils f rom five species of Cuphea show 

three distinct pat terns of fa t ty  acid composition. 
C. hookeriana and C. painteri oils contain ca. 
70% caprylic acid, C. ignea and C. llavea oils 
have over 80% capric acid, and C. carthagenensis 
oil contains 57% laurie and 18% capric acids. 

Introduction 

T HE FIRST REPORT of a high concentration of capric 
acid in seed oil of herbaceous plants was based 

on the discovery early in this survey that  oil f rom 
seed of Cuphea llavea var. miniata contained over 
80% (2) of this fa t ty  acid component. Earl ier  known 
sources of capric acid containing comparable con- 
centrations were oils f rom Ulmus americana (4),  
Zelkova serrata (5), and more recently other species 
of Ulmus (10) and Sassafras albidum (2). 

The present commercial source of capric, eaprylic, 
and laurie acids is coconut oil imported f rom the 
tropics (6). These acids of intermediate chain length 
are highly important  to the chemical industry  as raw 
material for the production of surface-active agents, 
plasticizers, physiologically active compounds, per- 
fumes, and flavors. In 1962 the United States im- 
ported 807 million lb of laurie acid oils, ca. 90% of 
which came from coconuts (12). A domestic source 
of capric and laurie acids could be of great strategic 
importance and, if sufficiently economical, could prove 
of value to the chemical industry  in normal times. 
Accordingly, special attention was given to the re- 
collection of C. llavea and to collection of other species 
of the genus. 

Cuphea of the family Lythraceae is a large genus 
of over 200 species of herbs and shrubs in the tropics 
and subtropics of the Americas. Varieties of C. ig~ea, 
cigar flower, and C. llavea, cinnabar cuphea, are popu- 
lar ornamentals in warmer sections of the United 
States. 

Materials and Methods 
Samples were prepared and analyzed as described 

previously (3).  Methyl esters were derived from the 
oils by methanolysis catalyzed by HC1. Analysis by 
gas chromatography (GLC) followed previously re- 
ported procedures (8). 

1 No. Uti l iz .  Res. and Dev. Div.,  ARS,  U S D A .  
ARS,  U S D A .  

Evaporat ion of solvents under  a stream of nitro- 
gen on a steam bath gave low yields of recovered 
ester, and GLC analyses of methyl esters gave low 
values for  acids having less than 10 carbon atoms in 
chain. 

To avoid losses of lower mol wt methyl esters from 
C. hookeriana and C. painteri, the following modifica- 
tion of the usual procedure was used. E thy l  ether 
was used in place of benzene to increase the solubility 
of oil in the methanol-HC1 reagent. Af te r  metha- 
nolysis, solvent removal was accomplished by frac- 
tional distillation through a column packed with 
glass helices. Removal of the ether was essentially 
complete with no detectable loss of f a t ty  acids ~as 
determined by weighing the esters and examining the 
GLC curve for evidences of residual solvent. Other 
means of avoiding such losses have been reported 
recently (1,7,11). 

Results and Discussion 
All five species of Cup heR analyzed p roduce  seed 

oils rich in intermediate chain-length acids, but  three 
distinct pat terns of composition are noted (Table I ) .  
Three accessions of C. llavea, including the previously 
reported sanlple (2) and one of C. ignea, produce 
oil with more than 80% capric acid. Oils f rom seeds 
of C. hookeriana and C. painteri contain ca. 70% 

T A B L E  I 

Analy t ica l  Data  on Cuphea  Seeds and Der ived  Oils 

Seed analysis  
W e i g h S / i , 0 0 0 ,  g .... 
P ro t e in  

(N >< 6.25),  
% DB ............... 

Oil, % DB ............. 
0 i l  analysis  

I o d i n e  value  b ........ 
Pe rcen t  methyl  

ester in  mixed 
methyl  e s t e r s  
(by area on 
GLC curve)  
6 :0  ...................... .... 
8 : 0  ...................... 3 

1 0 : 0  ...................... 18 
1 2 : 0  ...................... 57 
1 4 : 0  ...................... 8 
1 6 : 0  ...................... 3 
18:0 ...................... 0.6 
18:1 ...................... 5 
18:2 ...................... 5 
18 :3  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

(7. 
artha- 
gen- 
ius%8 

0.7 

16 
33 

18 

hooker- 
iana 

0.3 

a One of these s a m p l e s  is  t h e  o n e  previouqly  
b Approximate ly  0.2 g samples used. 

pa~'n- r r 
teri ig~ea . Uavea a_ 

1.0 1 . 0 : 3 . 3  0.9 

19 23 1 8 , 1 7 ; 2 1 ; 1 5  
16 36 34 2 1 ; 3 0 ; 1 7  

18 12 1 0 1 8  ; 12 ; --  

6 ~ 7 ~ "~ I o . s : 6 : ~ : l  
24 so  87 8 3 ; 8 5 : 8 6  

0.1 0.2 0 8 1;  3 ;  1 
0.8;  1;  0.6 o 2  o 3  0:2 
3 ; 2 ; 2  

0.5 0.4 ..~ 0.5;0.3;0.55;4;2 

6 2 6 ; 4 ; 4  
0.4 . . . . . . . .  t r ;  - ;  - 

repor ted  (2.). 


