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ABSTRACT 
A possibilRy for  determination ot 4u theoretf'c~lly 

and industriillly Significa~ffahd frequently used {~gt/aes 
of triglyceride ~fats and bin with a digital comptite~]s 
presented. Aft ' adequate' 'computer program in {he 
operational FORTRAN ]afiguage was worked out for 
this purpose.The only iffp~4data are the experimental 
fatty acid compositions:easily and quickly determin- 
able by gas liquid chromatography,.-titrimetrically 
deter minable hcid~fiilue, aii d fhet i teL 

I NTROD U C T [ O N  
The advantages of gas liquid chromatographic (GLC)  

analysis;~,i,tS~ ;rapidity,, :qualitative distinguishing abitity~ .,as 
wetl~ ~s "~t~;:q~antitatix~e exa~c~.n~Ss for minute samples  are 
w~Jl~ov~nJ'i~Th~;:iuse:~og cofapu~rs:, makes i t  possi, ble ?to. 
malaiputat~:t~ge numbers ;o f  ~numefi:cal and:experimental  
re~l~fL~l.f~a ebha~bil~atioti b~th~se two methods is 9ossi~ble) 
op~ir~ial':,relattbns betweon ~he;:nmnber o f  data and t~ei~ 
exactness are obtained in very short time. A method for the 
determiffafiona io.f a basic? :chemicaL constant o f  triglyceridic 
fa~s4an~ .o~!s~the:dodi~i ¢~atue ~s in ,g  G LC anatysis ~ of fatt~ 
ao~ClS:~arld av ponstructe~, co~mbin¢~; ~hart -was described: by 
Kpm~qa!~d::.!~a.n,i,e~o.va.. (1.), They: a!s0 presented the possi- 
bility of determining eight important phys~cp-che.mical con, 
s .t~-t~5 ~I :fa~ts~ ~ ~ . b a s c d .  £n a :s~agle GLC,  ana!xsis, o f  
fa$~tE:~£id~ an~!os, ing a constructed a!ign~e~t chaLt~(2)<,~he 
pri~,¢ipl~siand;~e~iew~0~f using digi~a! cmn.p~te:rsand nUmerj- 
c~1 ~ t 1 ~ .  ~Or :s~rne~prpb}ems of:triglyceride fats and oils 
wetebdis~s~ed,.at # :r# cent sy  naposi.um ~.3), 

"l}keh a~m o~:tke~ ;pNseg,t i paper~::is : to etaeorate- ,on m e  
p~$sib~!t,ty~ ofvc'onstr~tingza .computer :~mgmm: which~ 0n 
the basis of,~o~tyr ~ e ;  G,LCv~na!Y.Sis o f  :faAty ac id  mixture 
a~d~f.rom? t:tte ~etern!ingd acid ya:!ue:and als9 ,from ~thq,fiter 
aLl~vst4de~te~mina~iom.of :.the most. ,.frequent!yi_ requ~ed 
p~y~sioqo.,~he~nie:al !:,:,cpnstar~ts~ Fm~ther ~theorefically~ .and 
t.e~!~p!pgica~g A~po~tant..information of :trig!yceride fats 
and ;oils ds ,also ~obtained, 

EXPERIMENTAL PROCEDURES 

Materials .and ;Methods 
Plaiv~ ~tl,'~ampies ext'ractCd f r d m  the  following indust:ri- 

a l~  stored: ~Is~e'd~i~ffere ~ ~e~ : ,0bconut ,  gl'oundn.llt,.:s~an- 
fl~Wert;~'~nse~:d,~fid Yaiaeseed.O T h e e  acid' vaiUes ~ W~reo4~7 9, 
t o ! r , .  3:8:I !idahd~I:e.:7~,.m~.;~(~Ftlg, tespectivelp~ ,AS'~an 
afii~aiOf~t,~ ~rfaiJte;O fl e6 m ~ t ~ a l i l a r d  ,having an acia rattle 
o~'0!3~ ~g~,KOH/~t~as  :.tiseEl!. Methyl esters: pt~p~ed by 
di'l-ec, t~'~iltef(~§teiSficatioia:?(~):~erd injected into the gas 
cl~fdhia~O~ph. 

Determination of iodine value was done. ace0i'~ing to  
H~fit~stg~lh~h:~01a~ien o~i~do ~o~obromfde anal' l~3',back 
t i t ~ d ~  ~itl~L~0;1 N sbl~tion ofhsodiiam :thiosulpli~de (5). 
13~te~tNi~atiofl 6f~:~he ~sapon~fication valuewas done b~c(dur - 
re~i~ h~ttibtt~ 6f~the Sapbta~;fi~a~tibi~Of t~e sa:mple ~;ith.0.~ N 
alcohol,: S'01tttioil 0'f KOH followed by. titration:iwith 0,5 N 

alcohol solution of hydrpFhlaric acid:(5). The  acid value 
was determirmd by simple,titration of fat ty oil samples with 
0.1 N KOHoin ethanol (5). 

The freezing point of ~free,:fatty acidsk-titer-was deter- 
mined aftersaponification'in: Zliukow's device, (5). 

The algorithm sequences f0r Computer determination of 
the values and data for t r~yeer ide  samples were translated 
into the programming FORTRAN IV language. 

l j , : ~  ~;'0i.ts ot'~A | 
F M~rl. wt nKFA h~elling and boiling I 

_ _  J ' t ~ _  t_ i",,',',= ~ ' ' 2' ' 

~ .  Middte mol wt of ~A a,,d T4;: ] 

' ' ' h , a .... - 4j 

t :~t~O~.; (RJ, .hV;~ ; .V; HV., t !are k . . . .  
~ v . ~ c H  ~ :  HW . . . . . . . . . .  [ . . . . . . .  

6aleutation ,of atl data if 
IV: SV: AV. and titar 

Weight and Volume of 142 
required for hypothetical 50% 
and total reduction el iodine 
value 

\ t hyd,rp_genated [at ,, 
No ~. Yes 

Weight, and volume of H 2 

te~tu~¢d foF a~t~a~ratl~ct~'a 

of iodine 'vakle 

. . . .  t m  B 
. Strm~ of u~lsaturated ~U~apd saturated S FA' i 

~ercent of a ~gnment straefures o f  r ~t year de mo coates: 

IF ,liaeleni0 acid l~tesent 

F 
I Perce~l ~ ~I~C arffl~l~n01ei~ ~eicen~ of 0]~i~:, ~in¢;Jeic, 
t ~a~::ids~dn ~asis 0E K~0fm~nn~ff ~nd~nglenic ~ci'ds on basis 

ef ,Kaulmerm's e[iuati~ns L Beo~tiog~" 

t 

@ 
,5 

tt 

FIG. E SiJmpliliedrform o~ the fl6w chart ~of alg0rithm for com- 
ptiter~de~erminati~n~of {riglyc~ride fats ianff oils values~ and data.~AV 
-. ~acid~ ~Iatue~, ~I-I~ ~, .he~t o f  cqmb~.~stipn,., ~A. = fatty acids, HV = 
hydr~xyl k~lue,~flyV = hydrogeri value, i V  =-iodine" Value, • NV = 
neutralization value, RI = i:efractjve index, SG ~ specific gravity ~, SV 
= ~a:pertfft~tidn Vatif~,:TG ~'~ tfig~.ycefides~itnd ThV = thioc~an~gen 
v~laae, 
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TABLE I 

Fatty Acid Compositions of Triglyceridic Fatty Oil Samples as Found 
by GLC Analysis and Experimentally Determined Acid Values and Titers 

F a t t y  ac ids  

Fa t t y  acids  (%) 

C o c o n u t  Peanut  Sunf lower  
oi l  oi l  o i l  

Linseed Rapeseed  
oi l  o i l  Lard  

Capr  ylic (C 8 :0 )  

Capric (CI0:0) 
Laur ie  (C 12 :0 )  

M yrist ic  (C 14: 0)  

Palmitic  (C 16 :0 )  

Palmi to le ic  ( C 1 6 : 1 )  

Stearic (C 18:0) 
Oleic (C 18:1 ) 
Linoleic (CI 8:2) 
Linolenie (C 18: 3) 
Eicosenoic (C20:1) 
Erucic  ( C 2 2 : 1 )  

Ac id  va lue  

Titer 

7 .48  . . . . . . . . . .  

6 .23  . . . . . . . . . .  0 . 18  

50.31 0 .15  . . . . . .  O.l 1 

20 .07  . . . . . . . . . . .  1.52 

8.51 17 .40  7 .06  8 .77  3 .84  23 .73  

- -  0 .60  . . . .  0 .32  3.35 

2 .76  2 .30  9.41 5 .67  1.49 15.16 

4 ,64  39 .00  23 .33  2 1 . 9 8  14.77 45 .42  

--- 37 .00  56 .66  12 .26  15.12 8.81 

1 .38  2 .10  51 .32  6 .29  0.51 

- -  2 .62  . . . .  9 .44  0 .74  

- -  0 .55  . . . . .  47 .93  - -  

4 .94  10 .10  3.81 0 .11  10 .77  0 .33  

23 . 40  2 9 .7 0  18.90 17 .70  11.20 37.00 

Equipment 
To determine the composition of fatty acids in triglyc- 

eridie fatty oil samples we used a Hewlett-Packard Research 
Gas Chromatogrraph model 7620 A with digital integrator 
model 3370 A. The experimental conditions for the GLC 
analysis of fatty acid methyl esters were the same as in 
Reference I. The quantitative results of  the GLC fatty acid 
analysis were not corrected with response factor nor by 
internal or external standards. 

For determination of  all important values and data of  
the triglyceride samples by using the constructed program, 
we first used a Minsk 22 M computer with its software: 8K 
words of primary memory, 1600 K words of  secondary 
memory, operation speed 6000/see, operating FEL system, 
and programming languages SADR, MAT, ALGOL, and 
FORTRAN. Later the computer program was rearranged 
for Siemens computer model 4004/150 with its 512 K byts 
of  primary memory, operational speed 300,000/see, and 
with all its software and hardware. 

Conditions for the Algorithm and 
Program Construction 

The algorithm of the computer program for determina- 
tion of  the most important vluaes of  triglyceride fats and 
oils evolves from such basic constants as the saponification 
value and the iodine value, which were derived from GLC 
analysis of  fatty acid mixture under the same conditions 
and mathematic formulations as described in our previous 
publications (1,2). 

After the iodine and saponification values are obtained, 
conditions are fulfilled for computer determination of  addi- 
tional physico-chemical constants from them. That is, the 
refractivity index at 40 C and 60 C, the specific gravity 
(15 C/15 C), the heat of  combustion, the neutralization 
value, the hydrogen value, the acetyl value, the hydroxyl  
value, and iodine saponification factor are computed by 
employing general mathematical formulations as listed in 
Reference 2. 

Computation of  further values is possible if in addition 
to the iodine and saponification values, the acid value and 
titer are known. There are ca. 15 possible values under 
these conditions. For these calculations are employed 
mathematical formulations which were found in References 
6 and 7. 

Computation of  the weight and volume amounts of  
hydrogen required for hypothetical and/or actual reduc- 
tions of  the iodine values in unhydrogenated and hy- 

drogenated triglyceridic fatty oils are incorporated into the 
computing program using instructions for the conditional 
branching. 

The calculation o f  alignment structures of  triglyceridic 
molecules, i.e., SSS . . . . .  UUU (regardless of their exact 
position, determination of which is possible after applica- 
tion of  pancreatic lipase only) involves a simple summation 
of saturated (S) and unsaturated (U) fatty acids after their 
input and after their substitutions into the Vander WaJ's 
expressions (8). 

Also, the calculation of  the melting points of  fats and 
oils is incorporated into the algorithm of the presented 
computer program; multiples of  weight averages of fatty 
acids with their tabular melting point values are employed 
in these calculations. 

At the end of  the proposed computer program is added a 
control recalculation of  the contents of  oleic, linoleic, or 
linolenic acids using Kaufmann's equations with their 
empirical constants (9). For iodine and thiocyanogen values 
as well as the sums of  saturated fatty acids substituted in 
these equations, the ones obtained in previous calculation 
steps were employed. Presence or absence of linolenic acid 
is in this case a conditional branching instruction. 

The qualitative parameters of  individual fatty acids 
determined by GLC analysis were coded for input and out- 
put by two groups of  numbers separated by a colon. The 
number before the colon indicates the number of carbon 
atoms in the molecule of  a fatty adds, and the number 
after the colon represents the number of  double bonds. 

RESULTS AND DISCUSSION 
In earlier papers (1,2) on the basis of  only one GLC 

analysis of  fatty acids and their constructed combined or 
alignment charts, it was possible to determine eight basic 
physico-chemical constants of  trigiyceride fat and oil 
samples. In this paper, GLC determined fatty acid c~mposi- 
tions are processed in such a way that at the output of  the 
computer 40 theoretically and industrially important values 
and data may be read. A simplified form of flow chart of  
the algorithm of  such a computer program is interpreted 
with sequences in Figure I. 

Using GLC, the experimentally determined fatty acid 
composition in triglycefide samples as well as experi- 
mentally determined acid values and titers are listed in 
Table I. These are practically all the input data required by 
the instructions, statements, and commands of  the con- 
structed computer program in operational FORTRAN 
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TABLE II 

Output  Data of Fatty Oil Samples Obtained Using Data from Table I and Computer  Program 

Numer- Coconut  Peanut Sunflower Linseed Rapeseed 
ation Values and data oil oil oil oil oil Lard 

6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 

28 

29 

30 

31 

32 

33 

34 
35 
36 
36a 
36b 
36c 
36d 
36e 
36f 
37 
38 

39 
40 

Average of mol wts of fat ty acids 210.91 280.74 269.82 277.96 308.11 273.21 
Average of mol wts of triglycerides 670.73 880.23 847.46 871.89 962.33 857,64 
Saponification value 250.96 191.23 198.62 193.06 174,91 196.26 
Saponification equivalent 223.58 293.41 282.49 290.63 320.78 285.88 
Iodine value of fa t ty  acids 4.17 108.96 129.29 182.32 101.83 62.11 
Iodine value of triglycerides 3.94 102.97 122.18 182.29 96.22 58.70 
Hydrogen value 0.03 0.82 0.97 1.37 0.76 0.47 
Thiocyanogen value 4.17 74.27 80.37 131.90 76.25 50.41 
Iodine saponification factor 247.02 88.26 76.45 20,76 78,69 137,57 
Hardness number  333,60 198.15 146.38 86.25 120.13 274.47 
Neutralization value 265,82 199.86 207.93 201.85 182.13 205.35 
Ester value 236.02 181.13 194.81 192.95 164.14 195.93 
Hydroxyl  value 4.66 9.66 3,64 0.11 10.34 0.32 
Acetyl value 4.65 9.59 3.63 0.1 t 10.26 0.32 
Specific gravity (15 C/I  5 C) 0 ,92334 0.91928 0.92419 0 .92954 0.91345 0.91460 
Heat of combust ion 9079.81 9527.31 9440.43 9441.24 9683.33 9525.49 
Refractivity index (40 C) 1.45196 1.46356 1,46581 1.27168 1.46277 1.45837 
Refractivity index (60 C) 1.44721 1.45818 1.46047 1.46671 1,45739 t ,45310 
Per cent o f tr igly cerides 98.25 95.16 98, 25 99.95 94.32 99.85 
Percent of  bonded fa t ty  acids 92.65 90.85 93.77 95.59 90.36 95.42 
Percent of fa t ty  acids of  neutral  fat 94.31 95.46 95,44 95.64 95.80 95.57 
Percent of  free fa t ty  acids 1,858 5.054 t ,832 0,054 5 .9 t3  0.161 
Split t ing degree percent 1,968 5,282 1,918 0,057 6.157 0.168 
Percent of glycerol 13.46 9.91 10.66 10.55 8,98 10.72 
Specific heat of triglycerides (cat) 0.65 0.75 0.74 0.75 0.78 0.74 
Specific heat of soap (cal) 0.32 0.34 0.34 0.34 0.35 0.34 
Need of NaOH (35%) for saponification 

(g/1000 g) 512.67 390.65 405.76 394.39 357.32 400.94 
Saponification heat of 1000 g of 

fat (kcal) 60.00 60.00 60.00 60.00 60.00 60.00 
Amount  of steam equal to the saponifi- 

cation heat (liters/rain) 133.21 133.21 133.21 133.21 133.21 133.21 
Weight equivalent of hydrogen by 

total  reduct ion of iodine number 
(g/ lO00 gr) 0.31 8.13 9.65 13.61 7.60 4.64 

Volume equivalent of hydrogen by 
total  reduct ion of iodine number 
(ml/1000 g) 3940.65 96224.83 58695.05 

Weight equivalent of hydrogen by 
hypothet ical  50% reduct ion of 
iodine value (g]1000 g) 0.16 4.09 4.85 6.84 3.82 2.33 

Volume equivalent of hydrogen by 
hypothet ical  50% reduct ion of 
iodine value (ml H2/1000 g) 1970,33 51,483.89 61,087.64 86,146.91 48,112.42 29,347.53 

Percent of saturated (S) fat ty acids 95.36 19.85 14.47 14.44 5.33 40.70 
Percent of unsaturated (U) fat ty acids 4.64 81.15 82.09 85.56 93.87 58.83 
Percent of simple molecular structures of triglyceride molecules: 

102967.79 122175.29 172293.81 

SSS 86.716 0.782 0.303 0.301 0.015 6.742 
SUS 4.219 3.197 1.719 1.784 0,267 9.745 
SSU 8.439 6.395 3.438 3.568 0,533 19,490 
USU 0,205 13.072 9,751 10.571 4.697 14.086 
UUS 0,411 26.144 19.502 21.142 9.393 28,172 
UUU 0.010 53.440 55.319 62.632 82.714 20,361 

Melting point of  fa t ty  acids (calc.) (C) 44.40 17.21 9.44 5.67 22.43 33.35 
By Kaufmann's equations:  Oleic acid 

percent 4.70 39,20 2%66 45.77 60.76 44.39 
Linoleic acid percent -0.03 41.42 58.28 -34.87 49.25 20.08 
Linolenic acid percent -0,47 -0.41 74.65 -15,34 -5.17 

TABLE III  

Classically and Computer  Determined Iodine and Saponif icat ion Values 

Fa t ty  oil samples 

Constant  Coconut  Peanut Sunflower Linseed Rapeseed Lard 

Iodine value 
Classically determined 4.20 99.0 129,50 181.50 103.50 59.70 
Computer  determined 3.94 102.97 122.18 t 82.29 96.22 58.70 

Saponification value 
Classically determined 265.30 191.00 183.90 186.60 170.60 188.00 
Computer  determined 250.96 191.23 198.62 193.06 174.91 196.26 

l a n g u a g e .  
L i s t e d  in  T a b l e  I I  a re  a l l  a l p h a n u m e r i c a l  d a t a  f o r  t r i g l y c -  

e r i d e  fa t  a n d  o i l  s a m p l e s  u s e d  in  t h e s e  e x p e r i m e n t s .  T h e  

d a t a  w e r e  o b t a i n e d  f r o m  G L C  a n a l y s i s  u n d e r  c o n d i t i o n s  
d e s c r i b e d  b y  t h e  c o m p u t e r  p r o g r a m  r e p r e s e n t e d  in  F i g u r e  

1. 
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Classically-titrimetrically determined iodine and saponif- 
ication values are compared with computed values in Table 
III. It can be seen that the computed values are, in compari- 
son with those determined titrimetrically, 4% lower on the 
average. The contrary is true in the case of saponification 
values. There, the computing values are, on the average, 3% 
higher. Such differences of iodine and saponification values 
can affect, in our case, all the other data, obtained by using 
these two basic chemical constants. However, taking into 
account the great number of results and the shorter time in 
obtaining them, the mentioned differences can be labeled as 
"tolerable."  Moreover, a greater accuracy of results can be 
expected after correcting the quantitative GLC analysis of 
fatty acids with response factors and internal or external 
standardization methods. 

It is necessary to mention that all the data for triglyc- 
eride fat and oil samples determined by computing 
programs are theoretical only. In the present case, their 
accuracy will be in direct ratio with input analysis of  fatty 
acids or the basic constants of iodine and saponification 
values derived from it. 

Other constants than those of iodine, saponification, and 
acid values or titer were not experimentally determined for 
the needs of the constructed computer program, and 
neither were they compared. Sufficient for the needs of the 
described computer program are the basic input data given 
in the first block of the flow chart in Figure 1. On the other 
hand, most of the data in Table II (approximately from 
item 20 and on) can only be obtained by computation. 

The percentage values of alignment structures of triglyc- 
eridic molecules, i.e., SSS . . . . .  UUU, included in the 
program, without pancreatic lipase application, are mostly 
of an information character. Despite that, such data can 
have some practical meaning. Trisaturated SSS structures of 
triglyceridic molecules determined as described should be in 
close relation with experimental results (t0).  The comput- 
ing program for positionally exact determination of all, that 
is aligned and individual structures of triglyceridic mole- 
cules in their various concentration relations using qualita- 
t ive-quanti tat ive input data of fatty acids, defined after 
application of pancreatic lipase, forms the subject of a sepa- 
rate paper (Koman and Kotuc, unpublished data). 

Some remarkable differences can be seen between the 
values of C18 unsaturated fatty acids determined experi- 
mentally by GLC analysis and those which were computed 

using the Kaufmann equations with the substituted values 
of the iodine value, thiocyanogen value, and sum of calcu- 
lated saturated fatty acids. This computation was incor- 
porated into the program because of its control possi- 
bilities. If we assume that GLC analysis is qualitatively as 
well as quantitatively one of  the most precise methods for 
analysis of fatty acid mixtures, then the found differences 
of C 18 unsaturated fatty acids can probably be explained 
by the fact that the original empirical constants in 
Kaufmann's equations are less exact and, for some theoreti- 
cal aspects, can be corrected by the presented procedure. 

The program for computer determination of important 
values of triglyceride fats and oils given in this paper is as 
general as possible. Among its advantages are a minimum of 
required experimental input data, adaptability to the exact- 
ness of input GLC analysis of fatty acids, completeness of 
results, lucid interpretation of input and output data and 
easy orientation in them, and finally a direct tabular format 
of the obtained results. The whole run times by using Minsk 
22 M and Siemens 4004/150 computers were 18.2 min and 
181 sec, respectively. 
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