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Abstract: Carbon-13 nuc lear m agnetic re sonance (13C N MR) spe ctroscopy w as applied t o de termine the fa tty ac id 
positional composition of triacylglycerols in vegetable oils with oleic acid percentages “higher and lower than 50%” and 
with linolenic acid percentages higher than 5%. 

In particular, conventional 13C NMR spectroscopy which applies the basic one-pulse sequence for signal averaging, was 
used to determine on the basis of carboxy and unsaturated carbon resonances, the compositions of two different pools of 
fatty acids at the 1,3- and 2-positions of triacylglycerols.  

The results confirmed that the chains at 1,3- and 2- triacylglycerol positions deviated from the 1,3-random-2-random dis-
tribution pattern at variable extents depending on the chain concentration in the total triglyceride of oil samples. However, 
two factors were likely to regulate the chain distribution between 1,3- and 2-glycerol positions, namely the concentration 
of fatty acids in the total triglyceride and their positional specificity. 
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INTRODUCTION 
13C nuclear magnetic resonance spectroscopy was applied 

by Wol lemberg [1] a s a p ioneer technique to carry ou t t he 
positional analysis o f fatty acids in  triacylglycerols o f vege-
table oils. The Author proved that 13C N MR detects the un-
saturated fa tty a cids a ccording to their uns aturation degree, 
namely oleic, linoleic and linonenic acids, and their 1,3- and 
2- pos itions on gl ycerol ba ckbone. Based on t hese re sults, 
the random distribution theories of fa tty acids distribution in 
triacylglycerols have been verified. 

The theory of random distribution, it stated that fatty ac-
ids we re esterified r andomly ov er-all hydroxyl  groups , 
proved incorrect when analyses with lipase showed that fatty 
acid compositions in positions 1 p lus 3 a nd position 2 we re 
always d ifferent. This th eory w as m odified b y K artha into 
restricted random d istribution based on the observation that 
fully saturated triglycerides (SSS) are present to a lower ex-
tent than expected, where the saturated chains are distributed 
at random to form additional S2U and SU2 tr iglycerides (S= 
saturated, U= unsaturated chains) [2]. 

Among the random distribution theories, the 1,3-random-
2-random theory is now w idely accepted. The theory s tates 
that th e g lycerol is  fully esterified a t 2 -position w ith a mix-
ture of fa tty acids, and at 1- and 3- pos itions, assumed to be 
identical, w ith an other m ixture o f f atty acids [ 3]. H owever, 
the th eory can  o nly p redict th e f atty a cid d istribution  
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between the 1,3- and 2-glycerol pos itions w ithout any ana-
lytical validation.  

High resolution 13C NMR spectroscopy based on carboxy 
carbon resonances of triglyceride acyl chains was applied to 
determine the positional distribution of fatty acids in tr iacyl-
glycerols of olive oil. 

The results confirmed that two different mixtures of fatty 
acids e sterify the 1, 3- and 2-gl ycerol pos itions whe re 2 -
position specificity values evidenced that oleate chain moved 
away from  a  random distribution pa ttern less than linoleate 
chain a nd t hat t he 2-pos ition s pecificity of bot h c hains a p-
peared to be a characteristic of the chain [4]. 

13C NMR r esonances of carboxy carbons of t riglyceride 
acyl chains w ere a lso u sed to  c arry o ut th e r egiospecific 
analysis of v egetable o ils of d ifferent botanical origin. T he 
study confirmed that linoleate chain deviated from a random 
pattern of distribution more than oleate chain [5]. 

The f atty ac id d istribution d ata in o live o il tr iacylglyc-
erols obtained by 13C NMR spectroscopy, further confirmed 
that oleic and linoleic acids were not randomly distributed at 
the 2-pos ition of t riacylglycerols whe re o leic and li noleic 
acid contents w ere lower and higher, r espectively, than the 
values pre dicted by t he 1, 3-random-2-random t heory. B ut 
the crucial point was that the unsaturated acids deviated from 
the 2-random distribution pattern at different extents accord-
ing to the acid concentration of triglyceride [6]. 

These results suggested to extend the 13C NMR study of 
positional d istribution o f f atty ac ids to  tr iacylglycerols o f 
vegetable o ils w here, u nlike o live o il, lin oleic a cid w as th e 
major acid and linolenic acid was also present. The aim was 
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to find the distribution patterns of these acids in relation to 
the 1,3-random-2-random theory and to determine the extent 
of fatty acid deviation from the 1,3-random-2-random pat-
tern. 

MATERIALS AND METHODOLOGY 

Pulp oils were extracted by cold-pressure from avocado 
and olive fruits, and seed oils from seeds of peanut, hazelnut 
(one sample from United States cultivars, three samples from 
Italy and in particular from Sicilia, Lazio and Piemonte re-
gions), balanites, corn, grape, rice, sunflower (two samples), 
croton, and groundnut. All these seed oils along with colza 
and soybean oil samples, were products available on the 
market.  

13C spectra were run on a Unity Inova Narrow Bore 500 
MHz spectrometer equipped with a UNIX-based Sun Micro-
systems workstation (Varian NMR Instruments, Palo Alto, 
California), and a 5-mm probe operating at 25°C. 

The spin-lattice relaxation times T1 and nuclear Overhau-
ser enhancements ( ) NOE were measured (three replicate 
measurements were carried out) using two hundred milli-
grams of soybean oil sample (200 mg) which were dissolved 
in 0.55 ml of deuterated chloroform (CDCl3) Sigma Aldrich, 
Milano, Italia. 

The spin-lattice relaxation times of carbon-13 nuclei of 
triacylglycerols were determined by means of the 180° -  - 
90° inversion-recovery pulse sequence.  

The proton-decoupled spectra with full NOE were meas-
ured using a spectral width of 25,000 Hz, 256 K data points 
and a 80° pulse length with a 5.1 s acquisition time. The de-
coupler was turned on before and during acquisition. The 
relaxation delay was set at 50 s. The spectra were zerofilled 
to 512 K and a resolution enhancement function which uses 
the Lorentzian-to-Gaussian conversion was applied.  

The spectra with suppressed NOE were measured by us-
ing the inverse-gated proton-decoupled sequence, which 
gated the decoupler on during the sole acquisition time. The 
relaxation delay was set at 50 s that is  5 times the longest 
T1 (the longest T 1 close to 7 s was measured in correspon-
dence of C-16 of linolenic acid). 

The 13C {1H} NOE enhancement  values, they are de-
fined as the fractional change in the intensity of I ( 13C) on 
saturating 1H where I0 is the intensity of I spin at Boltzmann 
equilibrium, were calculated according to the relationship: 

13C {1H} = (I I0) / I0

by using the integrated intensities of carbon resonances 
measured with full NOE (I) and with suppressed NOE (I0). 

The quantitative spectra of oil samples were measured 
using two hundred milligrams of oil sample (200 mg) which 
were dissolved in 0.55 ml of deuterated chloroform (CDCl 3)
Sigma Aldrich, Milano, Italia. 

The high resolution 13C spectra for determining the fatty 
acid positional composition of triacylglycerols of vegetable 
oils were measured by using conventional 13C NMR spec-
troscopy which applies the basic one-pulse sequence to carry 
out signal averaging. 

The high resolution quantitative 13C spectra for determin-
ing the fatty acid positional composition of triacylglycerols 
of vegetable oils were acquired under proton decoupling 
(Waltz-16 broadband decoupling) with full NOE, a relaxa-
tion delay of 20 s to avoid signal saturation, 256 K data 
points, a 80° pulse length and a 5.1 s acquisition time (AT). 
The accumulated FIDs were zerofilled to 512 K, multiplied 
by a resolution enhancement function which uses the Lor-
entzian-to-Gaussian conversion to improve resolution and 
achieve a reasonable signal sensitivity, and Fourier trans-
formed. 

Fig. (1). 13C NMR spectrum of carboxy (right trace) and unsaturated carbons (left trace) of acyl chains of soybean oil triglycerides: S, satu-
rated chain; O, oleate chain; L, linoleate chain; Ln, linolenate chain. 
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Chemical s hifts w ere gi ven i n pa rts pe r million (ppm ) 
and c alculated re lative t o tetramethyl s ilane by us ing t he 
residual 13C peaks of the solvent as internal standards. 

RESULTS AND DISCUSSION 

The determination of positional compositions of fatty ac-
ids in  triacylglycerols o f v egetable o ils w as carried o ut b y 
using the frequency ranges 172.5 -  173.1 and 132.0 - 126. 0 
ppm whe re c arboxy a nd uns aturated c arbons re sonate, re -
spectively.  

Only carboxy carbon frequencies allow the determination 
of saturated (C n :0), o leate (C 18: 1 9cis), and linoleate (C 
18:2 9,12cis) chain composition at 1,3- and 2-positions o f 
glycerol b ackbone (F ig. 1) whe re the 1. 3-position c hains 
were high frequency shifted by 0.40 ppm from the 2-position 
chains [7]. The sn-1- and sn-3- positions of triacylglycerols, 
which ar e s tereospecifically n umbered a ccording to th e L-
form of F isher projection of s n-glycerol [8], can no t be dif-
ferentiated by NMR.  

However, t he overlapping of l inoleate and linolenate (C 
18:3 9,12,15cis) chains in the carboxy carbon region, sug-

Table 1. Chemical Shi fts, Longi tudinal R elaxation Ti mes ( T1), N uclear O verhauser E nhancement F actors ( ) of  C arboxy and  
Unsaturated Carbons of Triglycerides Acyl Chains. Precision of 13C NMR Method (CV %) 

Carbon Resonance Chemical Shift (ppm) Longitudinal Relaxation 
Time T1 (s) 

Nuclear Overhauser  
Enhancement  = I/I0  I 

Coefficient of Variation 
(CV %) 

Carboxy      

S1 1,3 173.12 3.1 ± 0.1a  0.4 ± 0.06 a 5. 2b 

O1 1,3 173.09 3.4 ± 0.05 0.5 ± 0.1 5.3 

L1 1,3 173.08 3.2 ± 0.1  0.4 ± 0.07 2.6 

O1 2 172.69 2.7 ± 0.2 0.5 ± 0.1 5.8 

L1 2 172.68 2.5 ± 0.1 0.4 ± 0.03 2.2 

Olefinic      

Ln 16 131.83 6.4 ± 0.2 1.5 ± 0.1 3.2 

L13 2 130.11 2.8 ± 0.05 1.8 ± 0.1 2.2 

L13 1,3 130.10 2.8 ± 0.02 1.8 ± 0.1 2.2 

O10 2 129.93 1.4 ± 0.03 1.8 ± 0.2 5.6 

O10 1,3 129.92 1.4 ± 0.04 1.7 ± 0.1 2.9 

L9 1,3 129.89 1.9 ± 0.03 1.7 ± 0.1 2.8 

L9 2 129.87 1.8 ± 0.04 1.8 ± 0.1 2.2 

O9 1,3 129.63 1.4 ± 0.02 1.8 ± 0.2 2.2 

O9 2 129.60 1.4 ± 0.03 1.9 ± 0.1 3.2 

Ln13 2 128.21 3.1 ± 0.03 1.8 ± 0.3 12.8 

Ln13 1,3 128.20 3.4 ± 0.04 1.6 ± 0.2 7.9 

Ln12 1,3 128.16 3.5 ± 0.05 1.7 ± 0.2 3.6 

Ln12 2 128.15 3.8 ± 0.03 1.7 ± 0.3 5.9 

L10 2 128.03 1.7 ± 0.08 1.8 ± 0.2 3.8 

L10 1,3 128.01 1.7 ± 0.06 1.9 ± 0.2 1.7 

L12 1,3 127.85 2.2 ± 0.1 1.8 ± 0.2 2.5 

L12 2 127.84 2.8 ± 0.03 1.9 ± 0.1 2.4 

Ln10 2 127.72 2.1 ± 0.04 1.9 ± 0.2 5.8 

Ln10 1,3 127.70 1.8 ± 0.05 1.9± 0.2 5.3 

Ln15 127. 07 6.1 ± 0.1 1.9 ± 0.1 3.1 
aAccuracies of T1 and NOE factors are quoted as standard deviation of the mean of three replicate measurements. 
bPrecision of 13C NMR method was verified by six replicate measurements of 13C spectra of a soybean oil sample, resonances were integrated and the areas were checked for Coeffi-
cient of Variation . 
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gested the use of unsaturated carbons which, unlike carboxy 
carbons s preading ove r 300 Hz , r esonated i n a wi der fre -
quency range of 3000 Hz.  

The uns aturated carbons of o leate, li noleate and li nole-
nate chain a t 1,3- and 2- pos itions of t riglycerides were de -
tected ( Fig. 1). Th eir ch emical s hifts ( Table 1) we re i n 
agreement w ith th e - i nductive theory of t ransmission o f 
dipolar e ffects of C =O a nd C =C bonds upon other C =C 
bonds in polymethylene acyl chains [9, 10].  

Considering that carboxy and unsaturated carbons enable 
the de tection of all norm al f atty a cids, n amely C n :0 (de -
tected in carboxy carbon region), C18:1, C18:2, C18:3 (de -
tected only in unsaturated carbon region) which are present 
in a ll li ving tissues [11],  the C=O a nd C=C c arbon re so-
nances w ere us ed t o de termine the pos itional c ompositions 
of vegetable oil triacylglycerols. 

The p rimary co ndition f or an  a ccurate m easurement o f 
triglyceride positional compositions requires that no intensity 
distortions affect the spectrum. Intensity d istortions are due  
to s ignal s aturation wh ich oc currs whe n re petition ra tes 
lower t han 5 ti mes t he l ongest s pin-lattice re laxation ti me 
(T1) in the spectrum, are applied. A soybean o il sample was 
used to m easure T1s of c arboxy and unsaturated carbons o f 
triglyceride acyl chains an d the r esults w ere r eported i n  
Table 1. 

Spin-lattice r elaxation times of carboxy c arbons of  
triglyceride a cyl chains w ere in  ag reement w ith the r esults 
previously re ported [12].  In pa rticular, carboxy c arbons o f 

oleate (2. 7 s ) a nd linoleate (2. 5 s ) c hains at gl ycerol 2 -
position re lax f aster than the corresponding 1,3-chains (3. 4 
and 3.2 s, respectively) because of their s lower motion (it is 
more restricted in the 2-position). This results in a more effi-
cient relaxation and shorter T1s. 

As fa r a s T 1s of uns aturated carbons a re c oncerned, T 1 
values increased regularly from 1.9 - 1.8 s (L-9) to 2.8 s (L-
13) in the linoleate chain, and from 1.8 - 2.1 s (C-10) to 6.4 s 
(C-16) in the linolenate chain. This pattern can be explained 
in terms of a less efficient relaxation due to the chain mobil-
ity which increases from the glycerol backbone to the methyl 
chain end [13]. 

C-9 of ol eate, C-10 of l inoleate a nd l inolenate c hains 
which showed the lowest T1 values ranging from 1.4 to 2.1 s, 
were s elected t o de termine t he pos itional c ompositions of 
unsaturated chains in triglycerides.  

Considering t hat t he l ongest T 1 w as m easured f or car -
boxy carbon of oleate chain at 1,3-glycerol position (3.4 s), a 
delay of 20 s  (whi ch wa s > 5  3. 4) wa s a pplied t o a void 
intensity distortions due to signal saturation. 

Moreover, al most eq ual N OE f actors ( Table 1) we re 
measured i n c orrespondence of C -9 of ol eate a nd C-10 of 
linoleate and linolenate chains (  values ranging from 1.8 to 
1.9) T his re sult pre vented intensity di stortions c aused by 
differential nuc lear Ov erhauser enhancements a nd a llowed 
the acquisition of 13C spectra under full NOE thus increasing 
the sensitivity of carbon-13 nuclei by a factor of 3 [14]. 

Table 2. 13C NMR Spectroscopy of  V egetable Oils w ith Oleate % H igher than 50% for Determining T riacylglycerol Posi tional 
Composition 

Data  Avocado Peanut Olive Oil Hazelnut  Hazelnut  Hazelnut  Hazelnut  

Composition % of Fatty Acids from C=C Corrected for Saturated Chains by Using Carboxy Carbons 

S 18. 2 18.6 15.9 10.3 9.6 9.7 8.5 

O 71. 7 64.1 76.2 81.9 81.4 83.1 85.1 

L 10. 1 17.3 7.9 7.8 9.0 7.2 6.4 

2-Position Specificity % of Fatty Acids 

O 37. 6 36.2 40.4 36.4 35.6 35.4 37.0 

L 64. 4 57.1 50.4 49.1 54.4 49.3 56.4 

Composition % of Fatty Acid Pool at 1,3-glycerol Positions 

S 27. 4 27.7 24.4 15.6 14.5 14.5 13.1 

O 67. 2 61.2 69.6 78.5 79.3 80.1 82.6 

L 5. 4 11.1 6.0 5.9 6.2 5.4 4.3 

Composition % of Fatty Acid Pool at 2-glycerol Positions (Xfound) 

O 80. 5 70.1 88.6 88.7 85.5 89.3 89.8 

L 19. 5 29.9 11.4 11.3 14.5 10.7 10.2 

Composition % of Fatty Acids at 2- glycerol Positions in the Total of these Chains in Triacylglycerols (Xtheory) 

O 87. 6 78.7 90.6 91.4 90.0 92.1 93.0 

L 12. 4 21.3 9.4 8.6 10.0 7.9 7.0 
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NOE va lues a t c arboxy c arbons, c onfirmed t o b e e qual 
for different c hains and m uch lower ( =0.4) than those de -
termined for the protonated unsaturated carbons. Unlike car-
boxy carbons for which the chemical shift anisotropy is the 
predominant m echanism of re laxation [12],  a  di pole-dipole 
mechanism of r elaxation ope rates for c arbons di rectly 
bonded to hydrogen atoms. 

The pre cision of t he 13C NMR  m ethod wa s ve rified by  
six replicate measurements of proton-decoupled spectra with 
full NOE using a soybean oil sample. The resonances of car-
boxy and unsaturated carbons were integrated and the areas 
were ch ecked f or co efficient o f v ariation. Th e r esults r e-
ported in Table 1, ev idenced that a ll the resonances showed 
coefficients of variation lower than 6% with the sole excep-
tion of C-13 of linolenate chain at 2-position.  

The unsaturated c hain percentages i n t he whole t riglyc-
eride and t heir pe rcentages a t 1, 3- a nd 2-pos itions (whic h 
measure the chain specificity for the glycerol positions) were 
calculated by us ing t he s elected uns aturated c arbon re so-
nances. T he compositions of t he two di fferent pool s of un-
saturated c hains a t 1, 3- a nd 2-pos itions we re a lso de ter-
mined. T he pe rcentages ba sed on uns aturated c arbon re so-
nances were corrected for saturated chain percentages which 
were determined by using the carboxy carbon resonances. 

The as sumption w as also made th at s aturated ch ains es-
terify only the 1,3- positions of triacylglycerols [15].  

The co mpositional d ata ev idenced th at the o il samples 
can be grouped according to oleate percentages in the whole 

triglyceride h igher th an 5 0 %  and lo wer than 5 0%, and t o 
linolenate percentages higher than 5%. 

The r esults o btained f or th e o ils w ith o leate p ercentages 
higher than 50%, they comprised avocado, peanut, olive and 
hazelnut (four s amples wit h va riable ol eate c ontents we re 
considered) oils, were reported in Table 2.  

Moreover, the triglyceride data of ba lanites, corn, grape, 
rice, sunflower, croton and groundnut oil samples with oleate 
percentages lower than 50% were reported in Table 3.  

Triglycerides of the oil samples are made up of saturated 
(n:0 whe re n=  16, 18, 13C N MR c an not  d ifferentiate s atu-
rated chains by c arbon number), oleate and linoleate chains. 
In pa rticular, in the oi l group wi th ol eate higher than 50% , 
saturated chains ranged from 8.5 to 18.6 %, oleate from 64.1 
to 85.1 %, and linoleate from 6.4 to 17.3 %, whereas in the 
oil w ith o leate lower /  equal th an 50% s aturated, o leate an d 
linoleate chain pe rcentages w ere comprised i n the ra nges 
11.0 - 33.2%, 7.3 - 46.3 %, 33.2 - 80.6 %, respectively. 

The compositional data of the oils containing percentages 
of linolenate chain higher than 5% were reported in Table 4. 
Oleate a nd linoleate c hains w ere the major c hains in both 
oils where o leate predominated in  the co lza o il sample with 
59.4% and linoleate in the soybean oil sample with 54.1 %. 
However, th e linolenate ch ain content w as higher in  the 
colza oil with 9.0 % as compared to the 5.6 % in soybean oil. 

Considering the d ifferent oil groups (comprising the oils 
with oleic acid higher and lower than 50% and the oils with 

Table 3. 13C N MR S pectroscopy o f V egetable Oils w ith O leate C hain %  L ower than 5 0% fo r D etermining T riacylglycerol 
Positional Composition 

Data  Balanites Corn Grape Rice Sunflower Sunflower Croton Groundnut 

Composition % of Fatty Acids from C=C Corrected for Saturated Chains by Using Carboxy Carbons 

S 33. 2 14.1 12.1 25.2 11.0 16.5 12.1 19.7 

O 26. 8 30.4 21.7 41.6 30.5 19.6 7.3 46.3 

L 40. 0 55.5 66.2 33.2 58.5 63.9 80.6 34.0 

2-Position Specificity % of Fatty Acids 

O 41. 9 34.4 40.2 36.8 33.7 33.5 39.7 33.2 

L 55. 7 42.2 37.9 50.2 41.2 42.1 40.6 56.1 

Composition % of Fatty Acid Pool at 1,3-glycerol Positions 

S 49. 9 21.4 18.3 37.0 16.7 24.8 18.7 30.0 

O 23. 4 30.1 19.6 38.7 30.8 19.5 6.8 47.2 

L 26. 7 48.5 62.1 24.3 52.5 55.7 74.4 22.8 

Composition % of Fatty Acid Pool at 2-glycerol Positions (Xfound) 

O 33. 4 30.8 25.8 48.0 29.9 19.6 8.1 44.6 

L 66. 6 69.2 74.2 52.0 70.1 80.4 91.9 55.4 

Composition % of Fatty Acids at 2- glycerol Positions, in the Total of these Chains in Triacylglycerols (Xtheory) 

O 40. 0 35.4 24.7 55.7 34.2 23.4 8.3 57.7 

L 60. 0 64.6 75.3 44.3 65.8 76.6 91.7 42.3 
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high linolenic ac id) as a w hole, th e co mpositional values 
evidenced th at th e mole percentages of saturated ac ids were 
poorly correlated with the mole percentages of oleic (coeffi-
cient of correlation r = 0.34) and linoleic (coefficient of cor-
relation r = 0.12) acids. However, a high negative correlation 
(correlation c oefficient r =   0 .97 w here th e statistic R 2 
showed that the linear model explained 94.15% of t he vari-
ability i n t he li noleic a cid m ole % va lues) wa s found be -
tween t he mole pe rcentages of ole ic and li noleic a cids a c-
cording to the linear relationship here below reported: 
Linoleic ac id m ole % = ( Oleic ac id m ole %)  (  0. 91) + 
79.45                 (1) 
       r =  0.97 R2 = 94.15 

The ne gative c orrelation w as te ntatively e xplained by  
admitting that linoleic acid is generated from oleic acid by an 
oxygen-dependent desaturation process through the action of 
enzymes c apable of i ntroducing doubl e bonds  be tween a n 
exhisting double bond and the methyl group [2, 16].  

The specificities of oleate, linoleate and linolenate chains 
for tr iacylglycerol 2 -positions w ere calculated b y n ormaliz-
ing the resonance intensity value of e ach chain at 2-position 
to the 1,3- and 2-position values. The results obtained for all 
the o il s amples w ere r eported in F ig. ( 2). The 2- specificity 
values of the oleate chain (in the range from 28.9 to 41.9%) 
were co nsiderably lo wer th an th ose m easured for th e lin o-

leate chain (in the range between 37.9 and 64.4). In p articu-
lar, apart from the colza oil sample (28.9%), the 2-specificity 
of oleate chain confirmed to be very close (36.3% averaged 
value) t o 33. 3% wh ich i s the va lue e xpected for a  ra ndom 
distribution, whereas the linoleate chain showed higher val-
ues (49.8% averaged value). The low variability measured in 

Table 4. 13C N MR Spe ctroscopy of  V egetable O ils with Li nolenate C hain %  H igher t han 5%  for D etermining Tri acylglycerol 
Positional Composition 

Data Co lza Soybean 

Composition % a    

S 9. 9 16.3 

O 5 9.4 24.1 

L 2 1.7 54.1 

Ln 9. 0 5.6 

2-Position Specificity %   

O 2 8.9 35.6 

L 5 5.4 44.0 

Ln 5 6.8 36.6 

Composition % Fatty Acid Pool at 1,3-Positions    

S 1 5.1 24.8 

O 6 4.3 23.6 

L 1 4.8 46.2 

Ln 5. 8 5.4 

Composition % Fatty Acid Pool at 2-Position   

O 5 0.0 24.9 

L 3 5.1 69.2 

Ln 14. 9 5.9 
aThe composition % data of fatty acids were calculated from unsaturated carbon resonances and were corrected for saturated chains by using carboxy carbons. 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2 ). T he sp ecificities o f o leic ( ), l inoleic ( ) a nd l inolenic 
( ) acids for 2-positions of tr iacylglycerols of the o il set compris-
ing oil samples with oleic acid higher and lower than 50% and oil 
samples with linolenic acid higher than 5% were compared.  
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terms of re lative s tandard deviations of 9%  and 15% for 2-
specificity values of oleate and linoleate chains, respectively, 
confirmed that the 2-s pecificity of a  chain was likely to be  
the chain characteristic [4].  

The 2 -specificity o f lin olenate ch ain in  s oybean o il w as 
very close (36.6%) to the value expected for a random distri-
bution pa ttern (33. 3%) whe reas in c olza o il it wa s h igher 
(56.8%) and almost equal to the specificity of linoleate chain 
(55.4%).  

A f urther inspection in to th e 2 -specificity d ata o f o leate 
and linoleate chains of the whole oil set evidenced a negative 
correlation (c oefficient of c orrelation r =  0.77 whe re t he 
statistic R2 = 60.00 indicated that the linear model explained 
60 % of the variability in the linoleate 2-position specificity 
values) between the 2-position specificity and the mole per-
centages o f linoleate ch ain according to  th e l inear r elation-
ship: 
Linoleic a cid 2-pos  S pecificity =  (L inoleic acid m ole %)   
(-0.23) + 57.55              (2) 

     r =  0.77    R2 = 60.00 
This result was in agreement with the feature that when-

ever a chain exhibited a strong specificity, a non s ignificant 
concentration effect was measured [17].  

Moreover, a pos itive linear c orrelation (re gression line 
graph was reported in Fig. (3)) was found between mole per-
centages of ol eic a cid a nd 2-pos ition s pecificity of l inoleic 
acid, the equation is here below reported: 
 

 

 

 

 

 

 

 

 

 

Fig. (3 ). Corre lation o f m ole p ercentages of  ol eic acid and 2-
position s pecificities of l inoleic a cid in t he oil s et c omprising oil 
samples with oleic acid higher and lower than 50% and oil samples 
with linoleic acid higher than 5%.  

 
Linoleic acid 2-pos Specificity = (Oleic acid mole %)  0.18 
+ 40.59                (3) 
        r = 0.66  R2 = 43.26 

Even if the Linoleic acid 2-pos Specificity and the Oleic 
acid m ole pe rcentages we re poorl y c orrelated (c orrelation 
coefficient r = 0.66), this re lationship can be tentatively ex-
plained by remembering that an increase of oleate mole per-
centages determines a decrease in linoleate mole percentages 
resulting in higher values for 2-specificity of this chain (1). 

The compositions of the two different pools of fatty acids 
entering t he 1, 3- a nd 2- pos itions of t riacylglycerols we re 
calculated in the two oil sets with oleic acid higher than 50% 
in one set and lower than 50% in the other.  

It is  worth h ighlighting th at 13C N MR en ables th e deter-
mination of pos itional compositions of t riacylglycerols, un -
like chromatographic techniques which don’t distinguish the 
fatty a cid pos itions [18],  and t he Computer m ethod (it  is 
used to detect the olive oil adulteration with seed oils) which 
predicts th e f atty ac id co mpositions a t 1 ,3- an d 2 - p ositions 
on the basis of the 1,3-random 2-random theory of fatty acid 
distribution in triglycerides [19]. 

The 13C N MR d ata as sumed al so a nalytical r elevance 
considering that the fatty acids at 1,3- and 2- pos itions were 
determined d irectly on an  o il sample which was s imply d is-
solved in a  d euterated solvent w ithout any further chemical 
treatment.  

The distribution patterns of ol eic and linoleic acids at 2-
position of t riacylglycerols in the oil  groups  with oleic acid 
higher and lower than 50%, were measured. 

In particular, the percentages of oleic (Ofound) and linoleic 
(Lfound) a cids a t 2-gl ycerol pos ition we re c ompared t o t he 
percentages of ol eic (O theory) a nd l inoleic (L theory) acid s i n 
their to tal p ercentages in  triacylglycerols, r espectively. Lin-
ear re lationships w ere c alculated by re gression analysis be -
tween th e O (L)found a nd O(L )theory a nd t he e quations we re 
here below reported:  

Oils with Oleic acid %>  50%  

O found2pos = O theory  1.45  44.78 r = 0.99 R2 = 97.28 (4) 

L found2pos = L theory  1.45  0.52 r = 0.99 R2 = 97.28 (5) 

Oils with Oleic acid %  50%  

O found2pos = O theory  0.76 + 3.37 r = 0.99 R2 = 97.30 (6) 

L found2pos = L theory  0.76 + 20.28 r = 0.99 R2 = 97.30 (7) 

The co rrelation co efficients r = 0.99 in dicated a s trong 
relationship between O,Lfound and O,Ltheory

 
in correspondence 

of oleate and linoleate chains at 2-position, where the coeffi-
cient o f d etermination R 2 showed th at lin ear m odels ex-
plained  97 % of the variability in  the O,Lfound values. The 
observed va lues for F statistic h igher th an critical F fo r 
P=0.05 s ignificance level, confirmed that linear correlations 
were not  ra ndom. The s lope va lues for ol eate and linoleate 
chain lines were equal because the two chain compositions at 
2-position were calculated in percentages thus depending on 
each other. 

The re gression l ines of ol eate a nd l inoleate chains i n 
vegetable oils with oleate percentages higher than 50% (Fig. 
4), deviated from random distribution patterns (dotted lines), 
where a random distribution assumed that the percentages of 
oleate and lin oleate ch ains in  th e to tal o f th ese chains i n 
triglycerides w ere eq ual to their p ercentages in  the to tal o f 
these c hains a t 2-pos ition. T he de viation of ole ate c hain 
(Otheory ranged from 80 to 95%) from the random distribution 
pattern increased as  the o leate percentage in the tr iglyceride 
decreased. L inoleate ch ain which is  th e minor chain in  th is 
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oil s et (Ltheory ranged from 5 t o 22%), exhibited an opposite 
trend.  

These r esults agreed w ith th e patterns alr eady ev idenced 
for a lar ge s et o f o live o il s amples w here the o leate ch ain 
percentages were always higher than 50% [20].  

However, in the oils with oleate chain as a minor compo-
nent (L theory wa s comprised in t he ra nge from  40 to 95 %), 
linoleate chain deviated from the random distribution pattern 
at an increasing rate upon decreasing linoleate percentage in 
the triglyceride. Oleate chain showed an opposite trend (Fig. 
5). 

It appeared ev ident in both o il sets that the compositions 
of the major chains at 2-position, i.e. oleate and linoleate in 
the oils with oleate higher and lower than 50%, respectively, 
were closer to a  ra ndom d istribution pa ttern i n c orrespon-
dence of the higher values of Otheory and L theory, respectively. 
That is, w hen ch ain co ncentrations ar e h igher, “ the co ncen-

tration fa ctor” pre dominates ove r “ the s pecificity f actor” 
almost z eroing it in  ag reement w ith th e r esults o btained o n 
maize triglycerides [17]. 

As an example, in the croton oil (Table 3) with a high li-
noleate percentage (80.6%), the linoleate chain 2-specificity 
lowered to 40.6. This value is c lose to 33.3% detected for a 
random distribution, and lower than the 2-specificity of the 
linoleate chain determined in the oils with a lower chain con-
centration ( on av erage, 2 -specificity o f l inoleate ch ain = 
50%). 

The percentages of saturated (1,3-Pos Sfound), oleate (1,3-
Pos Ofound) and linoleate (1,3-Pos Lfound) chains at 1,3- posi-
tions as  co mpared to  th e p ercentages o f s aturated ( Stheory), 
oleate (Otheory) and linoleate (Ltheory) chains in their to tal per-
centages in  tr iacylglycerols, w ere also ch ecked f or th e two 
oil groups . T he e quations of re gression l ines a re re ported 
below: 

 

 

 

 

 

 

 

 

 

 

 
 
Fig. (4). Correlations of the compositions of oleic (Ofound) and linoleic (Lfound) acids at 2-glycerol position and the compositions of oleic 
(Otheory) and linoleic (Ltheory) acids, repectively, in th e total o f o leic and l inoleic a cids in t riacylglycerols o f th e o il set w ith o leic acid 
higher than 50%.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (5). Correlations of the compositions of oleic (Ofound) and linoleic (Lfound) acids at 2-glycerol position and the compositions of oleic 
(Otheory) and linoleic (L theory) a cids, r espectively, in  th e to tal o f loeic and linoleic acids in  t riacylglycerols o f the o il s et w ith o leic a cid 
lower than 50%.  
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Oils with Oleic acid %>  50%  

S found1,3-pos = S theory  1.49 + 0.20 r=0.99 R2=99.88 (8) 

Ofound1,3-pos = O theory  1.05  7.72 r=0.98 R2=96.72 (9) 

L found1,3-pos = L theory  0.56 + 1.06 r=0.95 R2=90.88 (10) 

Oils with Oleic acid %  50%  

S found1,3-pos = S theory  1.48 + 0.56 r=0.99  R2=99.89 (11) 

Ofound1,3-pos = O theory  0.98 + 1.51 r=0.99 R2=98.38 (12) 

L found1,3-pos = L theory  1.13  15.15 r=0.99 R2=98.87 (13) 

The correlation coefficients r 0.95 confirmed that S,O,L 

found we re highly correlated to S ,O,L theory w here th e co effi-
cient o f determination R2 showed that th e lin ear m odels ex-
plained  96% of th e variability in the S,Ofound values (only 
91 % in correspondence of Lfound values). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (6). Correlations o f the compositions of saturated acid at 1 ,3-
glycerol positions (Sfound) and the compositions of saturated acid 
in the to tal o f s aturated, o leic and l inoleic acids in  tr iacylglycerols 
(Stheory) of the oil sets with oleic acid higher and lower than 50%.  

 
In b oth o il s ets, s aturated ( Fig. 6) and l inoleate (F ig. 7) 

chain percentages at 1,3- positions (S,Lfound) were higher and 
lower, respectively, than those expected for a random distri-
bution i n a greement wit h the r esults obt ained for a  la rge 
olive oil set [20]. The deviations from the random patterns of 
the saturated chain in both oil groups, and of l inoleate chain 
in the oil set with oleate higher than 50%, increased in corre-
spondence of a n increase of t he S ,L chain concentration in 
the triacylglycerol (S,Ltheory). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (7 ). Co rrelations of t he compositions of  linoleic acid at 1 ,3-
glycerol positions (Lfound) and the compositions of linoleic acid in 
the total o f s aturated, o leic and l inoleic a cids in  tr iacylglycerols 
(Ltheory) of the oil sets with oleic acid higher and lower than 50%.  

 
However, the pe rcentages of ol eate chains a t 1, 3-

positions in  th e o il s et w ith o leate h igher th an 5 0% ( oleate 
was the major chain in these oils) were lower than those pre-
dicted by t he r andom di stribution pa ttern (F ig. 8) i n a gree-
ment with the results obtained for a lar ge olive oil set where 
oleate was the major chain [20].  

A deeper insight into the chain distribution patterns, evi-
denced t hat li near m odels for t he c hain di stribution a t 1, 3-
positions in the oil sets with oleate >50% and  50%, exhib-
ited a lmost the s ame s lope v alues f or s aturated ( 1.49 an d 
1.48, re spectively), and oleate (1.05 and 0.98, re spectively) 
chains. The hi gher s lope va lues de termined i n c orrespon-
dence o f s aturated ch ains as  co mpared to  o leate ch ain, sug-
gested that t he saturated chain composition a t 1,3-positions 
was th e m ost in fluenced b y th e ch ain co ncentration in  th e 
total triacylglycerol. The oleate chain with slope values very 
close to 1 (1. 05 and 0.98), was almost randomly distributed 
like the linoleate chain (s lope = 1.13) in the o ils with oleic 
acid  50% . However, the low s lope va lue (0.56) in corre-
spondence of l inoleate chain at 1,3-positions in the oils with 
oleate >50%, indicated t hat l inoleate chain c ompositions at 
1,3-positions we re l ess i nfluenced by t he c hain c oncentra-
tions in the total triacylglycerol [20].  

The c ompositions b ased on 13C N MR d ata, o f the two 
fatty acid pools at 1,3- and 2-positions of t riacylglycerols in 
the o ils w ith o leic a cid h igher an d lower than 5 0%, co n-
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firmed t he c hain de viations from  t he 1, 3-random-2-random 
distribution p attern. Considering that the Computer m ethod 
is ba sed on the 1, 3-random-2-random d istribution pa ttern, 
the c hain pos itional c ompositions we re m easured by us ing 

both, 13CNMR and Computer m ethods, in order to evaluate 
the method differences.  

The mole pe rcentages of s aturated, ole ate a nd linoleate 
chains in the total triglyceride determined on the basis of 13C 
NMR data, were used to calculate the chain positional com-
positions by the Computer method.  

The Computer method calculated the mole % of saturated 
chains a t 2-pos ition by us ing the coefficient 0.06 based o n 
the ratio between the peak threshold of saturated chains at 2-
position (1. 3%) a nd t he m aximum c ontent of s aturated 
chains in o live oil (23.1%). The mole % of o leate and lino-
leate chains a t 2  pos itions and at 1,3-positions we re calcu-
lated by successive s ubtractions starting from  the d ata o f 
saturated chains at 2-positions. 

The percentages of s aturated, oleate and linoleate chains 
at 1, 3-positions a nd of ole ate and li noleate chains a t 2 -
positions obt ained by us ing t he 13C NMR  m ethod (NMR) 
were re gressed ve rsus t he pe rcentages c alculated by us ing 
the Computer method (CM).  

They were found linearly correlated according to the fol-
lowing equations: 

S1,3-pos NMR = S 1,3-pos CM  1.01 + 0.43 r=0.99 R2=99.90 ( 14) 

O1,3-pos NMR = O 1,3-pos CM  1.00 + 2.02 r=0.99 R 2=99.56 ( 15) 

L1,3-pos NMR = L 1,3-pos CM  1.01  3.03 r=0.99 R2=99.49 ( 16) 

O2-pos NMR = O 2-pos CM  0.98  3.21 r=0.99 R2=98.75 ( 17) 

L2-pos NMR = L 2-pos CM  0.99 + 5.62 r=0.99 R2=98.56 ( 18) 

The s lope va lues w ere almost equal to 1 (t hey r anged 
from 0.98 to 1.01).  

However, th e in tercept values indicated that the p ercent-
ages of s aturated a nd o leate chains at 1, 3-positions and o f 
linoleate chain at 2-position determined by 13C NMR (NMR) 
were h igher than those calculated by the Computer m ethod 
(CM). Considering t hat t he Computer m ethod i s ba sed o n 
1,3-random-2-random di stribution pa ttern, t hese re sults 
agreed w ith th e v alues m easured f or S found at 1 ,3-positions 
(Fig. 6), a nd L found a t 2-pos ition (F igs. 4, 5) whi ch we re 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. ( 8). Cor relations of  the compositions o f ol eic acid at 1, 3-
glycerol positions (Ofound) and the compositions o f ol eic ac id in 
the to tal o f s aturated, o leic and lin oleic acids in  triacylglycerols 
(Otheory) of the oil sets with oleic acid higher and lower than 50%.  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (9). Compositions of saturated (S), oleic (O), linoleic (L) and linolenic (Ln) acids at 1,3-positions and at 2-position of triacylglycerols of 
the colza ( ) and soybean ( ) oils calculated by using Carbon – 13 NMR spectroscopy (NMR) and Computer Method (CM).  
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higher t han t he va lues expected for a  r andom di stribution 
pattern. However, Ofound values at 1,3-positions were slightly 
higher t han the ra ndom v alues onl y i n the oil s w ith ol eate 
lower than 50% (Fig. 8). 

On t he ot her ha nd, the intercept va lues prove d that t he 
percentages of l inoleate chain a t 1,3-positions and of ol eate 
chain at 2-pos ition de termined by t he N MR m ethod we re 
lower than those obtained by the CM m ethod in agreement 
with the values of Lfound at 1,3- positions (Fig. 7) and Ofound at 
2-position (F igs. 4, 5) whi ch were l ower t han t he random 
values in both oil sets.  

The pa ired t -Test confirmed that the pos itional da ta ob-
tained by NMR and CM methods were significantly different 
because th e ca lculated values of  t  w ere h igher than the 
critical va lue 2.14 a t P =0.05 and the null  hypothesis a t t he 
95.0% confidence level can be rejected [21]. 

By analogy, the acyl chain compositions of 1, 3- and 2-
positions of t riacylglycerols of t he c olza a nd s oybean oils  
obtained by us ing t he 13C N MR d ata, w ere co mpared to 
those predicted by the Computer method (Fig. 9). 

In bot h c olza and s oybean oi ls, N MR pe rcentages of  
saturated (15. 1) a nd ol eate (64. 3) c hains a t 1, 3-positions 
(Table 4) were higher t han t he c orresponding CM  percent-
ages (14.5 and 56.3 for s aturated and oleate chains, respec-
tively). However, NMR percentages of the linoleate chain at 
1,3-positions (14.8 and 46.2 for colza and soybean oils, re -
spectively) were lower than CM percentages (20.6 and 49.2 
for co lza an d s oybean o ils, r espectively) in  ag reement w ith 
the results obtained for the oil sets with high - low oleic acid.  

NMR percentages of t he o leate chain at 2-position (50.0 
and 24.9 for colza and soybean oils, respectively) were lower 
than the c orresponding CM pe rcentages (65. 5 a nd 28. 5), 
whereas N MR p ercentages of li noleate chains a t 2-pos ition 
(35.1 and 69.2 for colza and soybean oils, respectively) were 
higher t han the c orresponding CM  va lues (24. 0 a nd 64. 0) 
which were in agreement with the results obtained for the oil 
sets with high - low oleic acid.  

The NMR percentage of the linolenate chain at 2-position 
in th e colza o il (14.9) was h igher th an the CM value (10.0) 
whereas in the soybean oil the NMR (5.9) and CM (6.6) data 
were not so different. These results considering that CM data 
were calculated on the b asis of the 1, 3-random-2-random 
distribution pattern, were in agreement with a low 2-position 
specificity v alue o f th e linolenate chain, w hich in  the s oy-
bean oil (36.6%) (Table 4) was very close to  the percentage 
of 33. 3% e xpected for a  ra ndom di stribution. 2-P osition 
specificity of the linolenate chain in colza oil was considera-
bly hi gher (56. 8). N MR (5. 4) and CM  (5 .1) va lues of t he 
linolenate c hain a t 1, 3-positions we re a lmost e qual i n t he 
soybean o il, th e N MR v alue ( 5.9) in  th e co lza o il b eing 
lower than CM value (8.6). 

These results i ndicated t hat NMR a nd CM  data were 
similar in the chains which exhibited a low 2-position speci-
ficity and consequently, appeared to be randomly distributed 
among the 1,3- and 2-glycerol pos itions (e .g. the linolenate 
chain in soybean oil). 

The molar percentages of saturated, oleate and linolenate 
chains a t 1,3- and 2-pos itions of t riacylglycerols c alculated 

by t he N MR a nd CM m ethods, we re us ed to c alculate t he 
compositionally different t riglycerides. In p articular, peanut 
and c roton oi l s amples w ith ole ate pe rcentages hi gher a nd 
lower than 50%, respectively, were selected and the calcula-
tions of the mole percentages of the triglyceride species were 
carried out  by t he s ubstitution of t he appropriate va lues in 
the fo llowing e quantions whe re a, b , and c  we re the mole 
percentages of the A,B and C, fatty acids [22]: 
% AAA = (%a1) (%a2) (%a3) / 10,000 
% ABA = (%a1) (%b2) (%a3) / 10,000 
% AAB = (%a1) (%a2) (%b3) (2) / 10,000 
% ABC = (%a1) (%b2) (%c3) (2) / 10,000 
% ACB = (%a1) (%c2) (%b3) (2) / 10,000 
% BAC = (%b1) (%a2) (%c3) (2) / 10,000 

Considering that pe anut and croton o ils contained three 
fatty acids, s aturated (S , given a s total s aturated chains be -
cause 13C N MR does not  de tect the chains by carbon num -
ber), oleic (O) and linoleic (L) acids, the number of constitu-
tionally different triglycerides from n = 3 fatty acids is given 
by (n3 + 3n2 + 2n) / 6 = 10. 

The results were here below reported (CM values were in 
round brackets): 

 Pe anut oil Croton oil 

SSS 0 (0.08) 0 (0.02) 

OOS 23.8 (24.7) 0.2 (0.2) 

OOL 20.7 (20.6) 1.3 (1.3) 

OSS  5.4 (6.2) 0.3 (0.3) 

LSS  2.3 (1.7) 3.2 (3.1) 

LLO  4.9 (5.6) 13.8 (14.1) 

LLS  1.8 (1.8) 25.6 (24.8) 

LLL  0.4 (0.5) 50.9 (51.7) 

OOO 26.2 (25.5) 0.04 (0.04) 

LOS 14.5 (13.4) 4.6 (4.5) 
The a mounts of c onstitutionally di fferent t riglycerides 

calculated by us ing NMR  a nd CM  m ethods we re s imilar 
except for SSS triglyceride which was zero because saturated 
acids were not detected at 2- position by NMR method. 

Moreover, t he a mount a lso of pos itional is omers w ere 
calculated in correspondence of OO L and LLO triglyceride 
species.  

 Peanut oil Croton oil 

OOL 9.5 (13.8) 0.8 (0.8) 

OLO 11.2 (6.9) 0.4 (0.4) 

Total isomers 20.7 (20.7) 1.2 (1.2) 

LLO  4.1 (3.7) 9.3 (9.4) 

LOL  0.9 (1.9) 4.5 (4.7) 

Total isomers  5.0 (5.6) 13.8 (14.1) 
As e xpected the c ompositions c alculated by NMR  a nd 

CM methods differed in the amounts of positional isomers. 
This p attern w as co nfirmed f or tr iglycerides o f th e o ils 

(colza a nd s oybean) wi th li nolenic a cid hi gher t han 5%  
where the num ber of constitutionally di fferent t riglycerides 
from four fatty acids, i.e. saturated (S), oleic (O), linoleic (L) 
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and linolenic (Ln) acids, was 20 s pecies. The compositions 
of some positional isomers based on unsaturated chains, cal-
culated by NMR and CM methods were reported: 

OOL 9.5 (15.2) 5.4 (6.2) 

OLO 14.5 (7.6) 3.9 (3.1) 

Total isomers 24.0 (22.8) 9.3 (9.3) 

OOLn 3.8 (6.3) 0.6 (0.6) 

OLnO 6.2 (3.2) 0.3 (0.3) 

Total isomers 10.0 (9.5) 0.9 (0.9) 

LLO 6.7 (6.5) 1.5 (1.4) 

LOL 1.1 (2.1) 5.3 (6.9) 

Total isomers 7.8 (8.6) 6.8 (8.3) 

CONCLUSION 
13C NMR  s pectroscopy c an de tect di rectly on a n unre -

acted oil sample, the fatty acids of triglycerides according to 
their different unsaturation degree and their position on glyc-
erol backbone. In pa rticular, the chains at 1,3- and 2- gl yc-
erol pos itions a re de tected whe re t he s n-1- a nd s n-3- pos i-
tions can not be differentiated.  

Considering these m ajor re sults, conventional 13C N MR 
spectroscopy wa s a pplied t o de termine the s tructures o f 
triglycerides of ve getable oils with high and low oleic acid, 
and high linolenic acid. Acyl chain percentages in the whole 
triglyceride, uns aturated c hain pe rcentages a t 1, 3- a nd 2- 
positions whi ch measure the c hain s pecificity for gl ycerol 
position, and compositions of the two different pools of fatty 
acids entering 1,3- and 2- positions, were determined. 

The s pecificity va lues of ol eate and linoleate chains for  
triacylglycerol 2-position, confirmed the results obtained for 
olive o il tr iglycerides. They showed that the o leate ch ain 2 -
specificity (on a verage 36. 3%) in hi gh and l ow o leic acid 
oils, was very close to the value expected for a  random dis-
tribution pattern (33.3%), whereas the value of t he linoleate 
chain (49.8%) was considerably higher. The low variability 
of the 2-positions specificities of ol eate and linoleate chains 
over a  wi de ra nge of c hain c ompositions, m ade 2-pos ition 
specificity be considered the chain characteristic. 

Saturated, oleate and linoleate chains were not randomly 
distributed b etween 1 ,3- and 2-positions of triacylglycerols. 
They deviated from r andom pa tterns at variable extents ac-
cording to th e chain co ncentration in  th e to tal triglyceride 
and confirmed that both, chain concentration and specificity 
seemed to  r egulate the f atty acid d istribution in  tr iacylglyc-
erols. 

The c onclusion c an b e dra wn that t he 1, 3-random 2-
random di stribution pa ttern c an not  a dequately e xplain t he 
chain distribution in triacylglycerols. 

The d ifferences b etween the f atty a cid compositions a t 
1,3- and 2-positions of t riacylglycerols calculated by the 13C 
NMR and the Computer methods (the latter is based on the 

1,3-random-2-random di stribution pa ttern) re inforced t his 
conclusion. 
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