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Abstract 
A generalized method for calculating the 

weight ratios or mole fractions of triglycerides 
in natural  fat  is developed by applying Vander 
WaYs method for calculating the mole fractions. 
In the proposed method a generating function is 
introduced to calculate the mole fractions of 
triglycerides. 

Introduction 
A METt:IOD FOR CALCULATING the ratio for each 

triglyeeride type in a natural  fat  was developed 
and discussed thoroughly by Vander Wal  (6,7). 
Tsuda (4,5) compared several of the existing methods 
for calculating this ratio and finally evolved a new 
method for calculation by using a specific set of 
assumptions. A procedure similar to Vander Wal's 
method was developed by Gunstone (2). In the pres- 
ent paper a method for calculating the ratio of tri- 
glyeeride was developed by using a generating func- 
tion which permit ted a more generalized approach to 
the problem. 

Derivation of Formulas 
The letters A, B, and C respectively refer  to posi- 

tions 1, 2, and 3 of the triglyeeride. 
When At, B~, and Ct for each fa t ty  acid, i, are 

available by chemical analysis of a natural  fat, equa- 
tion 1 can be used to calculate the mole fraction of 
each possible type of triglyceride. 

A ~  B ~  C i = l  (1) 
i=1 i= l  i= l  

In Equation 1 it was assumed that N different 
types of f a t ty  acids were detected by the chemical 
analysis. These fa t ty  acids were represented by N 
different integers 1 through n. In the derivation of 
Equation 1 the additive law and multiplication law 
of probabilities were applied (3). I t  would be worth- 
while to mention that  no assumption on the distribu- 
tion of fa t ty  acids was made in Equation 1. 

The mole fract ion of any possible type of triglyc- 
eride can be obtained by selecting the proper  term, 
which has an appropriate  combination of symbols, 
from the expanded right hand side of Equation 1. 
For  example, Q~m can be obtained by finding the 
numerical magnitude of Aj, B~, Cm. In this expres- 
sion the integers, j, l, or m, representing fa t ty  acids 
or acyl groups, can be equal to each other. 

The existing chemical methods for determining tri- 
glycerides do not give separate information on each 
value of As, B~, or Ci ( i - - 1 ,  2, . . . n) .  Therefore 
some assumptions must be made to get this informa- 
tiom The simplest assumption is the completely ran- 
dom distribution of aeyl groups although this assump- 
tion does not produce a satisfactory estimation of the 
triglyceride composition of a natural  fa t  or oil. By 
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using this assumption, Equat ion 2 can represent the 
mole fraction of any acyl group i. 

A i  ~- B i  ~ Ci  = ABCi 

i =  1 , 2 , . . . , n  (2) 

The mole fract ion of any triglyceride can be ob- 
tained from Equat ion 3 when the completely random 
distribution is applicable. 

ABCTi ~ ABCB, = 1 
i= l  J i= l  

where ABCTi = ABCBi = ABCi (3) 

In Equation 3, ABCTt and ABCBt are employed, 
although they are numerically equivalent to ABCt, 
because it was necessary to differentiate between the 
mole fraction of aeyl groups at any terminal position 
and that  at position 2. The mole fraction of any 
triglyeeride can be obtained by selecting the numerical 
value of the terms, which have the appropriate com- 
bination of symbols, from the expanded expression 
of the left  side of Equation 3. Therefore the follow- 
ing formulas were obtained for calculating the mole 
fraction of any triglyeeride, af ter  replacing ABCT~ 
and ABCBt by ABCi (i = 1, 2, . . . n).  

Rjlm = 2 • ABCj • ABC, • ABCm 

for j ~ m and it is possible that  j = 1 or m = 1 (4) 

R m = (ABCj) 2 • ABC, 

j can be equal to 1 (5) 

I f  the 1,3-random-2-random distribution of f a t ty  
acids, which was proposed by Vander  Wal (5,6), is 
applied, the following relationship results, Equation 6. 

Ai = Ci = ACi 

for i = 1, 2 , . . . ,  n (6) 

The mole fraction of the acyl group i at position 2, 
B~, can be calculated from the mole fraction of the 
aeyl group i at positions 1,2, and /o r  3, ABCt, and 
from the mole fract ion of the acyl group i at positions 
1 and /o r  3, ACt (1), resulting in Equation 7. 

Bi = 3 • ABCI - 2 • A C i  (7) 

By entering Equat ion 6 into Equation 1, Equation 8 
is obtained. This is the generating function for cal- 
culating the triglyeeride composition when the 1,2- 
random-2-random distribution is applicable. 

a c ,  B , =  1 (s) 
i=l J i=l 

Tile mole fraction of any tr iglyceride can be obtained 
by finding the numerical magnitude of the term with 
the appropriate combination of symbols af ter  ex- 
panding the left  side of Equat ion 8. For  example, 
P~,~ is obtained by finding the numerical values of 
terms ACj • ACre • Bz. After  expanding the left  side 
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of Equat ion 8, Equations 9 and 101 are obtained for 
calculating the tr iglyceride composition. 

Pjlm = 2 • ACj • ACre • B1 

for 3" ¢ 1 and j and m or m and 1 could be equal (9) 

Psls = (ACs) 2 " B1 

s and 1 could be equal (10) 

The number  of different types of terms, which are 
obtained by expanding a generating function, gives 
the number  of possible types of triglycerides. When 
the completely random distribution of acyl groups is 
applicable, the number,  Nc, of possible types of tri- 
glyeerides can be calculated by Equat ion 11, which 
is obtained f rom Equat ion 3. 

N o = n  2 ( n + 1 ) / 2  (11) 

When the 1,3-random 2-random distr ibution of acyl 
groups is applicable, the number,  N~, of possible types 
of tr iglycerides can be obtained f rom Equat ion 8. I f  
a terms of AC~ ( i = 1 , 2 ,  . . . , n )  and fl terms of B~ 
(i = 1, 2 , . . .  n) arc nil, N~ can be calculated by Equa-  
tion 12. 

N v =  ( n - a )  • ( n - f l )  • ( n - a + 1 )  /2  (12) 

When the weight ratio of each f a t t y  acid has been 
determined, this ratio can be converted to the mole 
fract ion by using Equat ions 13, 14, and 15. 

A B C ~ =  W A B C v / ~ W ~ .  ~ W A B C i / W ~  (13) 
i = 1  

AC,  =WAC~/~W~. ~ WACi/Wi~ (14) 
i = l  

(15) 
i=1  

I f  the molecular weight of each component f a t ty  
acid varies slightly, W~ and W.~ in Equat ions 13, 14, 
and 15 will essentially cancel out each other. The 
weight rat io then approximate ly  equals the mole frac- 
tion, that  is, 

ABCv ~ WABC (13-1) 

AC~ ~- WAC,- (14-1) 

B~. .--_ WB~ (15-1) 

By entering Equat ions 14 and 15 into Equat ions 
9 and 10 respectively, the formulas are obtained for 
calculating the mole fract ion of tr iglyceride when 
the weight ratios of component f a t t y  acids are given. 

The weight ratio Ws~ of any tr iglyceride can be 
calculated by Equat ion 16 for any  combination of 
j, l, and m when the 1,3-random-2-random distribution 
is applicable. 

Wjh, = (38.05 • Ujlm + Ejlm) / 

(38.05 • X Uxy~ + 1) (16) 
x,y,z 

The following expressions define all terms employed 
in Equat ion 16. 

XVander  WaI  (7) shows formulas  s imi la r  to th i s  equa t ion  on page 
245 of h is  paper .  A clear def ini t ion of symbols used in  his  formula  
is not  g iven  in  the paper.  They should be in te rp re ted  as fol lows:  
symbols wi th  numera l  1, such as A l - - t h e  percentage of a type of 
acyl g roup  located in  posi t ion 1 a n d / o r  3 to all acyl g roups  a t  
posi t ions 1 a n d / o r  3 ; symbols wi th  numera l  2, such as A 2 - - t h e  
percentage of a type of acyl g roup  located at  pos i t ion  2 to all acyl 
g roups  at  posi t ion 2 ;  symbols wi th  numera l  3, such as A 3 - - t h e  per- 
centage of a type of acyl g roup  located at  pos i t ion  1 a n d / o r  3 to all 
acyl g roups  at  posi t ions 1 a n d / o r  3. 

The mul t ip l i ca t ion  factor 2 in  the equat ion for  % ABA on page 
245 of h is  paper  (7) should be deleted as he has  indica ted  in  his  
personal  communica t ion  wi th  the author. 

H A Y A K A W A :  R A T I O  O F  G L Y C E R I D E  T Y P E S  I N  N A T U R A L  F A T  

T A B L E  I 

The Mole F rac t ion  of Component  F a t t y  Acids  
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i Component  W i  ABCt  ACI Bl  
acids 

1 Pa lmi t io  256.4 0.128 0.194 0 .004 (0 )  
2 Stear ic  284.5 0.019 0.030 --0 .003 (0) 
3 Oleic 282.5 0.287 0.281 0 .299(0 .297)  
4 Linoleie  280.4 0.560 0.486 0 .708(0 .703)  
5 Linolenic  278.4 0.006 0.009 0 

U x y z  - -  E x y z  / ( W x  + W y  -{- W z )  

for  any  combination of x, y, and z (16a) 

Ujlm = Ejlm / (Wj + Wl + Wm) 
for  any  combination of i, l, and m (16b) 

Exyz ---- 2 • WACx • WACz • WBy 
for  x ¢ z and x and y, or 
y and z could be equ M (16c) 

Ejlm = 2 • WACj • WACm " WB1 
for  j ~ m and j and 
or l and m could be equal (16d) 

Esys = (WACs) 2 • WBy  
s and y could be equal (16e) 

E t l t  = ( W A C t )  2 • WB1 
t and l could be equal (16f) 

The constant 38.05 in Equat ion 16 is obtained by 
the following calculation. 

mo oou  r ( ho 
o f  g l y c e r o l  / - 3 • o f  w a t e r  / = 38 .05  

I f  the molecular weights of the component f a t ty  
acids differ slightly, Equat ion 17 is obtained for any  
combination of j, l, and m. 

W j l m  ~ E j l m  ~ P j h n  (17) 

Example of Calculation 
The more fract ions of f a t ty  acids (Table I )  in corn 

oil are calculated f rom their  weight ratios (7) by 
using Equat ions 13 and 14. Fo r  example, the value 
for ABC1 is calculated as follows : 

0.118 

256.4 
ABC1 = = 0.128 

0.118 0.019 0.291 0.564 0.008 
+ - - +  + - - +  - -  

256.4 284.5 282.5 280.4 278.4 

T A B L E  I I  

The Mole F rac t i ons  of Tr iglycer ides  of All Possible  Types in  Corn Oil 

F a t t y  acid a at  the F a t t y  acid a at  the 
fol lowing pos i t ion  fol lowing posi t ion 

l~ole Mole 
ter- ter- f rac t ion  ter- ter- f rac t ion  
mi- 2 mi- mi- 2 mi- 
na l  na l  ha l  na l  

1 3 1 0.0112 2 4 4 0.0205 
1 4 1 0.0265 2 3 5 0 .00016 
1 3 2 0.0034 2 4 5 0.00038 
1 4 2 0.0082 3 3 3 0.0235 
1 3 3 0.0324 3 4 3 0.0555 
1 4 3 0.0766 3 3 4 0.0811 
1 3 4 0.0560 3 4 4 0.1920 
1 4 4 0.1326 3 3 5 0.0015 
1 3 5 0.0010 3 4 5 0.0036 
1 4 5 0.0025 4 3 4 0.0702 
2 3 2 0 .00027 4 4 4 0.1660 
2 4 2 0.00063 4 3 5 0.0026 
2 3 3 0.0050 4 4 5 0.0062 
2 4 3 0.0119 5 3 5 0 .000024 
2 3 4 0.0087 5 4 5 0 .000057 

a Each fa t ty  acid is represented by the fol lowing i n t ege r :  1 - -  
pa lmi t ic  acid, 2 - - s t e a r i c  acid, 3---oleic acid, 4- -1 inole ic  acid, 5 - -  
l inolenic acid. 
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The negative values for B1 and Be are probably  a 
result  of an analytical  error  and are replaced by zeros 
in the following calculation. In  order to get uni ty  
for  the sum of B~, the values for  B3 and B4 are 
modified respectively to 0.297 and 0.703. By modifying 
these numerical  values, uni ty  for  the sum of mole 
fract ions of all possible tr iglycerides is ensured. These 
modifications thus provide a means for checking the 
numerical  calculations of the mole fractions. 

I f  the 1,3-random-2-random distribution is ap- 
plicable, the number  of possible triglycerides in corn 
oil is determined by Equat ion 12 as follows: 

w i t h n  = 5, a = 0, fl = 3 
N ~ =  ( 5 - - 0 )  • ( 5 - - 3 )  • ( 5 - - 0 + 1 )  / 2 = 3 0  

By using Equat ions 9 and 10, the mole fract ion of 
all possible tr iglycerides in corn oil have been cal- 
culated (Table I I ) .  In  these calculations the 1,3- 
random-2-random distribution is assumed. 
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S U P P L E M E N T A R Y  DETAIL 

A~ Mole f rac t ion  of  f a t t y  acid i located a t  pos i t ion  1 
to the  total  n u m b e r s  of  moles of all f a t t y  acids 
located a t  this  posit ion.  

Aj Same  as A~. However  the  mole f r ac t ion  is re- 
f e r r ed  to f a t t y  acid j.  

ABC~ Mole f rac t ion  of  f a t t y  acid i located a t  pos i t ions  
1,2, a n d / o r  3 to the  to ta l  n u m b e r  of  moles  of  all 
f a t t y  acids  located a t  posi t ions 1,2, a n d / o r  3. 

ABCj ,  A B C b  ABC~,  ABC, ,  ABC~ 
Same as ABC~.  However  the  mole f r ac t ions  are 
r e f e r r e d  to f a t t y  acids  j ,  t, ~n, v, and  1 respect ively.  

A B C B ,  Same as ABC~.  I t  is employed to s i g n i fy  the  
mole f r ac t ion  of f a t t y  acid i located a t  posi t ion 2 
to all f a t t y  acids located  a t  this  posit ion.  

ABCT~ Same as A B C ,  I t  is employed to s ign i fy  the  mole 
f r ac t ion  of f a t t y  acid i located a t  posi t ion 1 a n d / o r  
3 to all f a t t y  acids  located a t  posi t ion 1 a n d / o r  3. 

AC,  Mole f r ac t ion  of  f a t t y  acid i located a t  pos i t ions  
1 a n d / o r  3 to the  to ta l  n u m b e r  of  moles of  all 
f a t t y  acids located a t  pos i t ions  1 a n d / o r  3. 

ACj,  ACre, AC~, AC~ 
Same as ACt .  However  the  mole f r ac t ions  are 
r e f e r r ed  to f a t t y  acid j ,  m, s, and  v respectively.  

B~ Mole f r ac t ion  of  f a t t y  acid i located a t  pos i t ion  2 
to the  total  n u m b e r  of  moles of  all f a t t y  acids  
located a t  this  posi t ion.  

B~,B,,B~,Bf,B3,B4 
Same as B~. However  the  mole f r ac t ions  arc 

r e fe r red  to f a t t y  acids  t, v, 1, 2, 3, and 4 respec- 
tively. 

Cl Mole f r a c t i on  of  f a t t y  ac id  i located a t  pos i t ion  3 
to the  to ta l  numbe r  of  moles  of  all f a t t y  ac ids  
located a t  this  posit ion.  

Cm Same as C,. However  the  mole f rac t ion  is re- 
f e r red  to f a t t y  acid m. 

Ej lm,  Esys, E t l t ,  Exy~ 
Express ions  defined by  equat ions  16d, 16e, 16f, 
and  I6c respectively.  

t, j, ~, m , ,  In t ege r s  which  represent  f a t t y  acids or aeyl groups .  
N N u m b e r  of  d i f ferent  types  of  f a t t y  acids ob ta ined  

by chemical  ana lys i s  of  t r ig lycer ide .  
N¢ N u m b e r  of  all possible types  of  t r lg lycer ides  when  

the complete ly  r andom d i s t r ibu t ion  is applicable.  
N,. N u m b e r  of  all possible types  of  t r ig lycer ides  when  

the 1 ,3- random-2-random d i s t r ibu t ion  is applicable.  
Pj lm Mole f r ac t ion  of  t r ig lycer ide ,  which has  acyl  

group j a t  a t e rmina l  posi t ion,  acyl g roup  ~ 
at  ano ther  t e rmina l  posi t ion,  and  acyl g roup  1 
a t  pos i t ion  2. I n  the  ca lcula t ion  of Pj~,, the  
1 ,3- random-2-random d i s t r ibu t ion  is assumed.  

P~ls Mole f r ac t ion  of t r ig lycer ide ,  which has  acyl  
g roup  s a t  t e rmina l  pos i t ions  and  aeyl g roup  l 
a t  posi t ion 2. I n  the  ca lcula t ion  of P ~  the 1-3- 
r andom-2- random d i s t r ibu t ion  is assumed.  

Qjlm Mole f r ac t ion  of  t r ig]ycer ide,  which has  acyl  
group j a t  pos i t ion  1, acyl  g roup  1 at  posi t ion 2, 
and  acyl  g roup  m a t  pos i t ion  3. 

Rjl,,, Mole f r ac t ion  of t r ig lyeer ide ,  which has  acyl  
g roup  j a t  a t e rmina l  posi t ion,  acyl g roup  m 
a t  ano the r  t e rmina l  posi t ion,  and  acyI g roup  l 
a t  posi t ion 2. I n  the  ca lcula t ion  of Rj~,~ the  
completely r andom d i s t r ibu t ion  is assumed.  

Rj~j Mole f r ac t ion  of  t r lg lycer ide ,  which has  acy] 
group j a t  the  t e rmina l  pos i t ions  and  aeyl g roup  1 
at  posi t ion 2. I n  the  ca lcula t ion  of  /~j~ the  com- 
pletely r a n d o m  d i s t r ibu t ion  is assumed.  

Rjj~ Mole f r ac t ion  of  t r ig lyeer ide ,  which has  acyl  
grouj  j a t  all posi t ions.  I n  the  calculat ion o f  
Rj j j  the  complete ly  r andom dis t r ibu t ion  is  
assumed.  

s , t  I n t ege r s  which r ep resen t  f a t t y  acids or acyl  
groups.  

Uj~m Express ion  defined by  equa t ion  16b. 
lfxyz Express ion  defined by  equa t ion  16a. 
W~, Wj ,  W~, W., ,  W~, Wx, Wy, W~ 

Molecular  weigh ts  of  f a t t y  acids  i, j ,  l, m,  v, 
x, y, and  z respectively.  

WJ~m W e i g h t  ra t io  of  t r ig lycer lde ,  which has  acy] 
group j a t  a t e rmina l  posi t ion,  aeyl g roup  qn 
a t  ano the r  t e rmina l  posi t ion,  and  acyl group 1 
a t  pos i t ion  2. 

W A B C t  W e i g h t  ra t io  of  f a t t y  acid i located at  posi t ions  
1,2, a n d / o r  3 to the  to ta l  we igh t  of  f a t t y  acids  
located a t  posi t ions  1,2, a n d / o r  3. 

WABC~ Same as W A B C ~ .  However  the  weight  rat io  is 
r e fe r red  to f a t t y  acid v. 

WAC~ W e i g h t  rat io  of  f a t t y  acid i located a t  pos i t ions  
1 a n d / o r  3 to the  total  we igh t  of  f a t t y  ac ids  
located at  posi t ions 1 a n d / o r  3. 

WACj ,  WACm, WAC~, WAC¢, WAC~, WAC~, WACz 
Same as WAC~. However  the  weight  ra t ios  are  
re fe r red  to f a t t y  acids  j ,  m, s, t, v, x, and  z 
respectively.  

WB~ W e i g h t  ra t io  of  f a t t y  acid i located at  posi t ion 2 
to the  to ta l  weight  of  f a t t y  acids located a t  
posi t ion 2. 

WB1, WBv, WBy  
Same as WB~.  However  the  weight  ra t ios  are  
r e fe r red  to l, v, and  y respectively.  

x , y , z  I n t ege r s  which represen t  f a t t y  acids or aeyl  
groups.  

a N u m b e r  of  AC~ t e rms  the numerc ia l  va lues  of  
which are nil. 

B N u m b e r  of  B~ t e rms  the  numer ica l  values  of  
which are nil. 


