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The Influence of Dietary Fat on the Glyceride 
Structure of Animal F a t  I 

RAYMOND REISER and JULIUS W. DIECKERT, Deportment of Biochemistry and Nutrition, 
Texas Agricultural Experiment Station, Texas Agricultural and Mechanical College System, 
College Station, Texas 

I N recent years there has been increasing interest in 
the glyceride structure of animal depot fats. Un- 
fortunately there is a pronounced tendency to 

develop unified theories to account for whatever struc- 
tures are found, whether in plants or animals. Thus, 
Hilditch developed the concept of "even distribution" 
although, as he has recently emphasized (1, 2), he did 
not propose it as a " r i g i d "  rule. Nevertheless, Hil- 
ditch has attempted to apply the "even rule"  to 
animal fat, explaining the deviation from it in 
"stearic-rich" depot fats by the concept of "bio- 
hydrogenation" in the tissues (2, 3, 4). 

Kartha has rejected the "even distribution" rule 
and substituted a unified rule which he believes can 
be used for calculating the glyceride structure of any 
natural fat (5, 6, 7). Kartha's concept is that all 
lipases have equal affinity for all fat ty acids, and 
w c e  v e r s a .  I~e proposes the theory that glycerides 
are synthesized with random distribution of the fatty 
acids until any further production of saturated tri- 
glycerides would produce a solid fat. Subsequently 
saturated acids are distributed without the produc- 
tion of saturated triglycerides. 

~¢iorris and Mattil (9) pointed out several years 
ago that " the  fat of the larger land animals, being 
derived from both animal and plant sources, would 
be expected to vary in glyceride structure, depending 
upon the diet of the animal and the extent to which 
the fat is absorbed as such or altered by interesterifi- 
cation, ester exchange and hydrolysis and resynthesis 
during metabolism." Nevertheless, Kartha, in a very 
recent contribution to this subject, stated that, " i n  
adipose tissues as well as in mammary glands of ani- 
mals, fat can be deposited from ingested foods with- 
out affecting the normal glyeeride type distribution" 
(7). 

Deuel has reviewed the various attempts, except 
Kartha's, to explain the distribution of fatty acids in 
natural glyeerides (8). 

1 Suppor ted ,  in  pa r t ,  by a g r a n t  f rom the Office of Nava l  Resea rch .  

Unfortunately few, if any, .studies have been made 
of the structure of the glycerides produced by animals 
on fat-free diets. The theories developed have been 
highly speculative, based on data of glycerides ob- 
tained at random. 

The present study is an effort to determine experi- 
mentally the divergence of endogenous animal glycer- 
ides from the " r andom"  or " even"  type distribution 
and the effect on it of exogenous fat. 

Experimental 

Groups of albino rats and New t~ampshire-Dela- 
ware Cross chicks were reared on an essentially fat- 
'free ration (Table 1). The neutral fats extracted from 

T A B L E  I 

B a s a l  R, a t ion 

% % 
Soybean p ro te in  ........ 
Sucrose  ..................... 
Sal ts  .... . . . . . . . . . . . . . . . . . . . . .  
D r i e d  w h e y  .............. 
L i v e r  L '~ ....................... 

m g / k g  
N i a c i n  ......................... 
P -aminobenzo ic  acid  
Ca-pan to thena te  ......... 
Caro tene  ... . . . . . . . . . . . . . . .  
R ibof lav in  .............. 

25.0 
58.6 

6.0 
5.0 
4.0 

100 
100 

49 
33 
12 

Meth ion ine  .................. 
Glycine ..................... 
Choline ...................... 
Inos i to l  . . . . . . . . . . . . . . . . . . .  
Cottonseed oil ............ 
Mixed  tocopherols  . . . . .  

m g / k g  
P y r i d o x i n e  ................. 
T h i a m i n e  .................... 
Fol ie  ac id  ..................... 
~lV[enadione ................ 
B io t in  . . . . . . . . . . . . . .  

0.8 
0.5 
0.2 
0.2 
0.1 
0.1 

8 
6 
4 
0.5 
0.3 

these animals were then fed at the 20% level to second 
groups receiving the same basal ration. Under  these 
conditions the glycerides fed are identical to body 
glycerides. 

Third  groups were fed 20% cottonseed oil in the 
basal ra t ion since this fa t  conforms very  closely to 
the " e v e n "  type distr ibution (10). A four th  group 
of chicks received 10% cottonseed oil. 

RATS 
LOW fat ration. Several gravid  females were placed 

on the low fa t  rat ion unti l  a f te r  the young were 
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TABLE II 
F a t t y  Acid and  S a t u r a t e d  Tr ig lyce r ide  Composi t ion  of R a t  F a t  on R a t i o n s  C o n t a i n i n g  0 . 1 %  and  2 0 %  Cottonseed Oil and  2 0 %  R a t  F a t  a 

R a t i o n  

0 . 1 %  (]SO 
2O% (]SO 
2 9 %  R a t  F a t  a .......... 

iNTo. 
r a t s  

Oleic 

% 
14 70 

7 49 
6 71 

F a t t y  acids  

Linole ic  Linolen ie  

% % 
2.7 0.3 

31~0 0.4 
4.3 0.2 

S a t u r a t e d  

% 
26 
2O 
25 

Sa tu ra t ed  t r ig lyce r ides  

F o u n d  Calcula ted  b % 

% 
1.76 1.89 
0.80 0.69 
1.56 1.23 

% of Calculated 

107 
86 
79 

a Th i s  fa t  w a s  ex t rac ted  f rom r a t s  fed 0 . 1 %  cottonseed oil. 
b A s s u m i n g  r a n d o m  dis t r ibu t ion .  The  va lues  a re  a p p r o x i m a t i o n s  a s s u m i n g  the s a m e  molecular  w e i g h t  of all a c id s :  % s a t u r a t e d  t r ig lycer ids  

% s a t u r a t e d  ac ids~  
- ~ -/ 

weaned. The young were then separated according to 
sex and mainta ined on the fat-free rat ion until  the 
females weighed between 200 and 250 g. and the males 
between 400 and 450 g. 

The animals were sacrificed and ground in a meat  
chopper, and the neut ra l  f a t  was extracted and ana- 
lyzed as described below. 

Rat fat ration. A gravid female was mainta ined on 
the low-fat rat ion unti l  her young were weaned. Six 
of the young were continued on the same rat ion unt i l  
12 weeks of age. They were then placed in individual  
metabolism cages and allowed f rom 3 to 5 g. of feed 
per  day  for  a week dur ing which t ime they lost be- 
tween 17% and 20% of their  weight. 

Fat ,  extracted f rom the group on fat-free ration, 
was subst i tuted at the 20% level for  sucrose and the 
fa t  rat ion offered ad libitum for  5 weeks, dur ing which 
time they gained approximate ly  75 g. The animals 
were then sacrificed, and the fa t  was extracted. 

Cottonseed oil ration. Four  weanling females and 
three males were placed on the basal rat ion plus 20% 
cottonseed oil for  six months. They were then sacri- 
ficed, and the fa t  was extracted. 

C H I C K S  

Low fat ration. Sixty s t ra ight- run New Hampshire-  
Delaware Cross chicks were mainta ined on the low-fat 
ra t ion for  12 weeks. They were sacrificed, and the 
fa t  was extracted. 

Chicken fat ration. Six New Hampshire-Delaware  
Cross chicks were fed the low-fat ra t ion ad libitum 
for eight weeks and then allowed only 25 g. of feed 
per  day for  two weeks, dur ing which time they lost 
approximate ly  40 g. of weight. They were then fed 
ad libitum the basal rat ion plus 20% of the fa t  ex- 
t racted f rom the chicks on low fa t  ra t ion for  three 
weeks. 

At  the end of the fast ing period they weighed an 
average of 905 g. which increased to 1832 g. dur ing 
the three weeks on chick fa t  ration. 

Cottonseed oil rations. Four  chicks of the same 
breed were fed the basal rat ion plus 10% cottonseed 
oil,  and eight were fed 20% cottonseed oil for  6 weeks. 
They were sacrificed, and the fa t  was extracted. 

A N A L Y T I C A L  P R O C E D U R E S  

Extraction. The intestines were removed and 
cleaned, and the entire animals were ground in a meat  
chopper. The tissue was extracted with 3 :1  alcohol- 
ether and washed with ether unt i l  the washings con- 
tained very  little fat.  The alcohol and ether were 
evaporated under  vacuum, and the fa t  extracted f rom 
the water  with petroleum ether. This was evaporated 
and the fa t  dissolved in warm acetone containing 
MgC1.. 

Samples taken for  analyses were passed through a 
silicic acid column to remove traces of phospholipide 
(11). 

Fatty acid composition. The polyunsaturated,  oleic, 
and sa tura ted  f a t t y  acids were determined spectro- 
photometr ical ly  (12). 

Saturated triglycerides. The sa tura ted  triglycerides 
were determined by  means of isotope dilution (13). 
I n  outline, 100 mg. of labeled t r ipalmit in ,  p repared  
with labeled palmit ic  acid, was added to 10 g. of fat .  
The mix ture  was dissolved in 10 volumes of d ry  
acetone and held at 8°C. for 8 hours. The crystals 
were filtered, washed with cold acetone (8°C.), redis- 
solved in an estimated 5 volumes of acetone, and held 
for  2 hours at 25°C. Crystall ization at 25°C. was 
repeated 3 more times. The crystallized sa tura ted  
tr iglycerides were freed of acetone, and the act ivi ty 
was determined by direct counting technique. 

Af te r  determinat ion of activity the iodine number  
was assayed. Wi th  few exceptions the iodine value 
was not over 1.5 so that  all unsa tura t ion  could be 
calculated as dipalmitylmonoolein. The percentage of 
sa tura ted  triglycerides, as determined by isotope dilu- 
tion, was corrected accordingly. 

) Au-~- - 1 - W o 
T s -  × 100 

Ws 

T~ = % sa tura ted  triglyeerides, Wk = weight of 
labeled t r ipa lmi t in  added, W o = weight of monoolein 
calculated f rom the iodine number,  Ws = weight of 
the sample, A k = act ivi ty of the t r ipahnit in ,  and Auk  
= act ivi ty of the isolated triglycerides. 

By  this procedure cottonseed oil contains no satu- 
ra ted triglyeerides.  In  recovery tests between 95% 
and 100% of synthetic t r ipalmit in  added to cotton- 
seed oil could be accounted for. 

R e s u l t s  

The compositions of the ra t  and chick fats  are given 
in Tables I I  and I I I ,  respectively. The results are 
striking. The rats on the low-fat diet produced a fa t  
which conformed closely to that  expected by random 
distribution. The addit ion of r a t  fa t  to the low-fat 
diet reduced this to about 80% of the expected value. 
The fa t  produced by  including 20% cottonseed oil i n  
the ra t ion reduced the sa turated tr iglycerides to 76% 
of the value expected by random distribution. 

The percentage of sa tura ted  tr iglycerides in chicken 
fat,  resul t ing f rom the ingestion of ei ther the low fa t  
or chicken fat rations, is approximately 150% of that 
expected from random distribution. As unexpected 
and surprising as this may be, the results after feed- 
ing cottonseed oil are even more unexpected. After 
feeding 10% cottonseed oil the percentage of satu- 
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ra ted fa t ty  acids increased, and the percentage of 
saturated t r ig lycer ides  increased proport ionately so 
that  the latter remained at 50% above the expected 
level. Af ter  the ingesting of 20% cottonseed oil how- 
ever, the percentage of saturated acids fell, as one 
should expect, but  the saturated glycerides, although 
they were reduced in percentage of total fat, were 
present  in 235% of the value expected by random 
distribution. 

Discussion 

I t  was decided to evaluate the degree of divergence 
from " e v e n "  and " r a n d o m "  type distribution by a 
comparison of the percentage of saturated triglyceride 
in the sample with the theoretical values calculated 
from the percentage of saturated fa t ty  acids. Hilditch 
has pointed out (14) that  the " t endency  towards co- 
incidence"  between the calculated and actual content 
of t r isa turated triglyceride does not necessarily dem- 
onstrate that  a fat  mixture  conforms to the " r a n d o m "  
type distribution when the percentage of saturated 
fa t ty  acid is very  low or very  high. Between saturated 
fa t ty  acids values of 30 and 70% however, compari- 
son of the actual percentage of saturated triglycerides 
with the calculated values for  " e v e n "  or " r a n d o m "  
type distribution does give a measure of the extent of 
divergence of the fat  f rom the two hypothetical  
types. 2 

Rats. Examination of Table I I  shows that  on a low- 
fat  diet the glyceride s t ructure  of ra t  fa t  conforms 
closely to that  expected for " r a n d o m "  distribution. 
I f  it conformed strictly to " e v e n "  distribution, there 
would be no saturated triglycerides. 

Af ter  the ingestion of either ra t  fa t  or cottonseed 
oil however, the percentage of saturated triglycerides 
was only between 75% and 80% of that  expected by 
random distribution. I f  one were confronted with the 
cottonseed oil values only, he might be inclined to 
in terpre t  the results as indicating that  the " e v e n "  
type oil was absorbed unhydrolyzed. Consideration of 
the value af ter  ra t - fa t  feeding makes this interpreta- 
tion untenable since in this case a randomly dis- 
t r ibuted fat  was ingested. I t  would appear  that  the 
mechanism of glyceride resynthesis in the intestinal 
mucosa somehow tends to an " e v e n "  type distribution 

2 Since th is  pa~er  was wr i t ten ,  A. R. S. Kartha has presented evi- 
dence t ha t  if  the sa tu ra ted  acids are d i s t r ibu ted  according to random 
distribution, the  other  acids are also. [J.  Sei. I nd .  ( I n d i a )  13A, 72 
(1954)  .] 

af ter  hydrolysis of the fat  to monoglycerides or be- 
yond (15). 

Although Kar tha  has assumed that  lipases are un- 
selective in their  action, such is certainly not the case. 
The specificities of lipases have been recently re- 
viewed (16). In addition, recent studies on in vivo 
oxidation of fa t ty  acids show clearly that  there are 
at least three enzymes that  activate the esterification 
of saturated fa t ty  acids with coenzyme A, depending 
on the molecular weight of the acid (17). That  the 
es ter i fy ing enzymes of tr iglyceride synthesis have 
optimum activity for  saturated acids is probable (18, 
20). 

The probabil i ty that  the synthesizing enzymes have 
different rates of reaction on different fa t ty  acids 
could explain the tendency to " e v e n "  distribution of 
fa t ty  acids in triglycerides resynthesized during in- 
testinal absorption. Thus, if the esterifying enzyme 
concerned has a higher affinity for  either saturated or 
unsaturated acids, there will be a higher rate of esteri- 
fication of that  acid. In  addition, since it has been 
demonstrated clearly that  lipases hydrolyze one acid 
from a triglyceride more readily than two, and two 
more readily than three (19), the converse may also 
be true. That  is, monoglycerides might be synthesized 
more easily than diglycerides, and triglycerides the 
least readily. In summary, an enzyme with a higher 
affinity for  palmitic acid than oleic will first prepare  
monopalmitin, then palmitylolein, and finally the tri- 
glyceride with evenly distributed fa t ty  acids. 

The apparent  " r a n d o m "  type distribution of the 
endogenous glycerides p ro d u c e d  on a fat-free diet is 
more difficult to explain. A factor  which might influ- 
ence randomization of endogenous fat  is the dynamic 
state of tissue glycerides. Unpublished evidence ob- 
tained in this laboratory with glycerides labeled in 
both the glycerol and fa t ty  acid fractions shows that  
the glycerol moiety disappears from tissue fa t  more 
rapidly  than the f a t ty  acids. This indicates a constant 
ester exchange. I t  is also possible that  in tissues there 
are many different fat-spli t t ing and fat-synthesizing 
enzymes with different reaction rates and specificities, 
a condition which would also tend to randomization. 

Chicks. The results of the studies with chicks are 
given in Table I I I .  The differences between the chick 
and rat  arc striking. Thus, on the low fat  regimen, 
af ter  20% chick fat  and af ter  10% cottonseed oil, the 
level of saturated triglycerides is 150% above that  

T A B L E  I I I  

F a t t y  Acid  and Sa tu ra t ed  Tr iglycer ide  Composition of Chick F a t  on R a t i o n s  C o n t a i n i n g  0 . 1 % ,  1 0 %  and 2 0 %  Cottonseed Oil and  2 0 %  Chick :Fat ~ 

Fa t ty  acids 
R a t i o n  

0.1% C S O  
0.1% CSO 
0.1% CSO. 
Average 

10% C S O  
10% C S O  
10% C S O  
Average 

~0% C S O  

,)0% chick fa t  a .............. 

Average 

Expt .  No. No. 
Chicks 

8 

1 
1 
1 
1 
1 
1 

Oleic LinoIeic I ino len ic  Sa tu ra t ed  

Sa tu ra t ed  t r ig lycer ides  

Calculated b 

% % 
2.51 3.64 
2.56 3.42 
2.35 3.49 
2.44 3.52 

4.15 6404 
2.68 6.54 
4,08 4.08 
3.59 5.55 

0.93 2.19 

2.09 3.31 
1.72 2.99 
1.96 2.85 
2.14 3.00 
2.09 3.14 
1.82 2.86 

1.97 3.03 

6 
6 

48 

% 
66.3 
67.0 
68.0 
67.1 

36.1 
45.2 
53.0 
44.8 

48.2 

70.5 
72.2 
76.0 
68.6 
69.0 
72.3 

70.4 

% 
2.7 
2.7 
2.8 
2.7 

28,4 
24.6 
21.0 
24.7 

30.0 

1.1 
1.2 
2.2 
2.6 
2.3 
1 . 6  

1.8 

% 
0.3 
0.4 
0.3 
0.3 

0.3 
0.0 
0.3 
0.2 

0.0 

0.3 
O.O 
0.2 
0.3 
0.3 
0.0 

0 . 2  

% 
29.2 
29.4 
28,6 
29,1 

34.5 
30.0 
34.4 
33.0 

21.3 

27.6 
25.8 
27.0 
27.8 
27.6 
26.4 

27.0 

F o u n d  

% of Calc. 

144 

155 

235 

154 

a This  was fat extracted f rom chicks fed 0 .1% cottonseed oil. 
b A s s u m i n g  r andom dis t r ibu t ion .  The values  are approximat ions  on the assumpt ion  tha t  all  the acids have  the same molecular  weight .  
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expected for "random" distribution. After  20% 
cottonseed oil ingestion the saturated trigIycerides 
were 235% of that expected of " r a n d o m "  distribu- 
tion. 

Whereas in the case of the rats it was necessary to 
explain a tendency to even distribution of ingested 
fat, in the case of the chick one must explain a ten- 
dency to a directed esterification to form simple tri- 
glycerides. Possibly the elevated temperature  of the 
bird can explain the difference. I t  has been demon- 
strated that  f a t ty  acid activating enzymes have a 
higher affinity for  saturated acids (18, 20). The in- 
creased rate of reaction at the higher temperature  of 
the bird may increase the speed of esterification on 
the 2 and 3 positions o f  the glycerol sufficiently to 
account for the small increase in amounts of trisatu- 
ra ted glyceride above that  expected by random dis- 
tribution. 

Summary and Conclusions 
In  order to determine the glyceride s tructure of a 

representative mammal and bird, rats and chicks were 
raised on an essentially fat-free ration, and the per- 
centage of saturated triglycerides in their  neutral  fat  
was determined by an isotope dilution procedure. 

In  order to determine the influence of ingested fat,  
second groups were fed the fat  extracted from the 
animals in the first group, at the 20% level. Third 
groups were fed cottonseed oil, which has " e v e n "  
distribution of its fa t ty  acid. I t  was found tha t :  

1. T h e  g l y c e r i d e  s t r u c t u r e  o f  e n d o g e n o u s  r a t  f a t  c o n f o r m s  to  
t h e  ' ' r a n d o m  ' ' t y p e  d i s t r i b u t i o n .  

2. I n g e s t e d  f a t  a p p e a r s  t o  b e  d i g e s t e d  a n d  r e s y n t h e s i z e d  b y  
t h e  r a t  a c c o r d i n g  to  " e v e n "  t y p e  d i s t r i b u t i o n ,  or ,  a t  l e a s t ,  i n  
a m a n n e r  w h i c h  t e n d s  t o  d i s t r i b u t e  t h e  f a t t y  a~ ids .  

3. C h i c k s  t e n d  t o  p r o d u c e  s i m p l e  o r  " m o n o - a c i d "  g l y c e r i d e s  
( 8 )  i n  w h i c h  t h e  p e r c e n t a g e  o f  t r i s a t u r a t e d  g l y e e r i d e s  is  h i g h e r  
t h a n  e x p e c t e d  f o r  r a n d o m  d i s t r i b u t i o n .  

4. I t  i s  s u g g e s t e d  t h a t  t h e  f i n d i n g s  c a n  b e  e x p l a i n e d  b y  a 
s e l e c t i v e  a f f i n i t y  o f  t h e  e s t e r i f y i n g  e n z y m e  s y s t e m  f o r  s a t u r a t e d  
a c i d s  a n d  f o r  t h e  1 - p o s i t i o n  o n  t h e  g l y c e r i d e  mo lecu l e ,  I n  t h e  
ca se  o f  t h e  b i r d  i t s  h i g h e r  b o d y  t e m p e r a t u r e  m a y  i n c r e a s e  t h e  
s p e e d  o f  t h e  r e a c t i o n  o n  t h e  2- a n d  3 - p o s i t i 0 n s  o f  t h e  g l y c e r o l  
s u f f i c i e n t l y  t o  a c c o U n t  f o r  a n  i n c r e a s e  i n  t r i - s a t u r a t e d  g l y c e r i d e s  
a b o v e  t h a t  r e q u i r e d  b y  r a n d o m  d i s t r i b u t i o n .  
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The Microscopy of the Liquid Crystalline Neat and Middle 
Phases of Soaps and Synthetic Detergents I 
F. B. ROSEVEAR, Miami Valley Laboratories, The 

T 
H E  " n e a t "  and " m i d d l e "  phases are of impor- 
tance in both the science and the technology of 
soap systems (3, 5, 36, 46, 48, 54) and have been 

observed also in synthetic detergents such as the alkyl 
sulfates (10) and sulfonates (53). Both phases are 
representative of the " l i qu id  crys ta l l ine"  state of 
matter,  also variously known by such terms as "meso- 
morphic , "  "anisot ropic  l iquid ,"  and "paraclTstal- 
l ine ."  Specifically, both phases are considered (7, 23, 
40, 54) to be of the " smec t i c "  s t ructure  in which the 
molecules, while parallel to each other and disposed 
in well-defined, parallel sheets of constant thickness, 
have a l a t e r a l  a r r a n g e m e n t  which is unsystematic 
a n d  l iqu id- l ike2  The neat and middle phases are 
both solutions, i.e., of variable water  content and may 
or may not  contain electrolyte and other dissolved 
components. Ordinari ly the neat phase, while by  no 
means a mobile liquid, is soft enough to be pumped 
whereas middle phase, in spite of containing roughly 

eIJere and  elsewhere in the paper,  the te rm "molecule" is used even 
though  the submicroscopic s t ruc tura l  un i t s  may  be l a r g e r  than  mole- 
cules. Actually they are at  least  double molecules, each pa i r  being 
linked together  a t  the ionic ends. 

~Presented before the Colloid Division, American  Chemical Society, 
Chicago, Ill., Sept. 7, 1953;  port ions presented before the Crystal- 
lographic Soc. of America,  Annapolis,  Md., March  21, 1947. F o r  ab- 
s t ract  see Ref. 52. 
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twice as much water  as neat, is of strikingly stiff 
consistency2 

In the present paper  are described a) the various 
aspects or " t e x t u r e s "  which the neat and middle 
phases have been found to exhibit in the polarizing 
microscope and b)  a selection of textures by  which 
each phase can be identified. 4 While this s tudy is 
pr imar i ly  descriptive in its present state of develop- 
ment, the presence of systematic differences sufficient 
for  identification of the two phases suggests a funda- 
mental  s tructural  distinction between them. 

This work was undertaken pr imari ly  because of the 
need for  a simple, direct means of ident ifying these 
two phases in fundamental  phase explorations or in 
the s tudy of commercial products  and processes. The 
need is par t icular ly  acute where the two phases are 
mixed with each other or with one or more of the 
other soap phases. While in a few cases considerable 
experience and judgment  are required for successful 
recognition, the mic roscop ic  approach is ordinari ly 

aln this paper  we a re  concerned with the or iginal  neat  phase  of soap 
boiling operations, not  the high-temperature,  low-moisture phase  once 
believed (36, 44, 61, 62)  to be continuous with kettle neat  hut  since 
shown t o  be a separate  phase  (46, 47, 54, 60 ) .  F o r  brevity a n d  be- 
cause of long-established usage, we will use  the simple te rm " n e a t "  
for the p h a s e  of commercial  interest, in preference to ¥o ld ' s  "soap 
boiler's nea t"  (54, 58) .  

4Following G. Friedel ( 1 8 ) ,  the term "texture" is used for micro- 
scopic appearance. "Structure" is reserved, for molecular arrangement.  


