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High resolution carbon - 13 NMR (gated decoupled) spectra of the carbonyl, saturated and olefinic cadbemspns
breviflorusseeds oil have been used for direct determination of the acyl composition and acyl positional distribution on the
glycerol backbone. The spectra revealed the presence of saturated, oleic and linoleic fatty acids. Semi quantitative analysis
using the integrals of the allylic carbons signals gave the percentage composition of the oil as saturated 25.00%, oleic
14.00% and linoleic 60.90%. These percentage compositions were confirmed by gas chromatography. The spectra further
revealed that while the saturated fatty acids are distributed between thgdn8 @ ) glyceridic positions, oleic acid is

attached only at th@) glyceridic position while linoleic acid is attached mostly at f)eg{yceridic position.

Key words *C-NMR, Adenopus brevifloryd.inoleic fatty acids, Gas chromotography, Triacylglycerols.

Introduction Adenopus brevifloruseeds oil byH-NMR spectroscopy

Most seed oils are composed of triacylglycerols which Con_(Akintayo and Bayer 2002b). In continuation of our efforts on
e systematic studies of the lesser known and under-utilised

tain an array of fatty acids, saturated as well as unsaturatetro ical seeds oils. the present effort aims afiBENMR
and distributed among the three positions of the glycerol back- b ' X

- L o spectroscopic analysis éfdenopus brevifloruseed oil to
bone. In defining the acyl positional distribution between the (i) confirm the presence of the reported fatty adisiden-
o - (i.e. the 1 and 3 positions of the glycerol) gndi.e. the 2

" tify and semi-quantiate the fatty acids and most importantly
position of glycerol), carbon - 13 NMR has been found most (iii) determine the fatty acids distribution on the glycerol back-

useful. There have begn also.some efforts in the past (Ng5ne The quantitative integrity of the NMR derived fatty
1984; Gunstone 1993; Lie Ken &igal 1996), wheré’C - NMR acid composition is verified by gas chromatographic analysis
was used to identify, confirm or evaluate the fatty acids com-gf the oil.

position of different seeds oil. These reports indicated that

except for lack of differentiation of the saturated fatty acids, Experimental

the*C - NMR technique provided the same information as theAdenopus brevifloruADB) seeds were purchased from some
time consuming, conventional gas chromatographic techniquénarets in Ibadan, Akure and Ado-Ekiti in the south - western
for establishing fatty acid composition of oils and the tedious part of Nigeria. The seeds were screened, washed and dried in
enzymatic hydrolysis for identifying the positional distribu- e gven (10%) and the oils extracted with hexane for 20 h by
tion of the oils acyl groups. Soxhlet method. The extracts were desolventised under redu-
Adenopus breviflorugCucurbitaceae) grows in the wild in  ¢ed pressure in a rotavapour.

Savanabh forest of Southern Nigeria. It has about 55-60% Oibre13¢ - NMR of the samples dissolved in deuteriated chloro-
(ESUOSO and Bayer 1998 ) Oderinde (1990) and Oshodi (1996&)”“ were recorded on the BRUKER AMX -400(BRUKER Ins-
reported the fatty acids composition of théenopus  yyments, Inc. Karlsruhe, Germany) Fourier transforms spectro-
breviflorusseeds oil. We have characterized the oil and indi- eter operating at 100.6MHz. The gated decoupling pulse se-
cated some possible uses of the seeds oil (Akintayo and Baygjyence was used with the following parameters. Number of scans
2002a). In an earlier investigation, we have tried to identify 515 acquisition time 1.3665sec, pulse width 10.3usec, delay time
*Author for correspondencéPermanent address 1.0 sec. Free induction decay (FID) was transformed and zero
E.mail: temitopeakintayo@yahoo.com filled to 300K to give a digital resolution of 0.366Hz /point.

9




100 E T Akintayo, C O Akintayo, | Ogunlade, H N Ogungbenle

—-173.3188
—173.2752
172.8606

—————————r—r—r—rrrrrrrr Tt

1738 173.6 1734 1732 173.0 172.8 172.6 1724 172.2 1720 171.8 171.6 171.4 1712 171.0
(ppm)
Fig 1. Proton-decoupled high resoluti&i® -NMR (100.6 MHz) of the carbonyl carbons of the triacylglycerols in
Adenopus brevifloruseeds oil.

Fatty acid methyl esters (FAMES) of the oil was prepared as(where the first number in bracket denotes the number of car-
follows: Approximately 2mg crude seeds oil was transferred bon atoms in fatty acid chain, the second number denotes the
into a 5 - 10 ml glass vial and 1ml of diazomethane-ether solunumber of double bonds, the other numbers denote the posi-
tion added. The mixture was shaken thoroughly and allowedtion of double bonds and stands for th& configuration of

to stand for 1 min. Then 16pl of 3.33M ¢bNa / CHOH the corresponding double bond). The structures of oleate and
solution was added, mixture shaken and allowed to stand fotinoleate and the respective carbon numbers used through-
10 min after which 10 pl acetic acid was added. The slgzer- out this discussion are as follows:

natant was used for Gas chromatographic analysis . 0.2 pl of

the FAMES was injected into Hewlett-Packard 5890 GC Oléate #*CHs, "CH,, ®*CH;, CHj, MCH,, “CH,, *CH,, "CH,
(Hewlett - Packard Co, Palo Albo CA). The column was HP "*CH =°CH,*CH,, "CH,, "CH,, "CHp, *CHj, *CH,, *CH;, 'COO

Ultra Performance coated with crossl?nked_S% Phenol + 95% inoleate 18CH, YCH,, 8CH,, SCH,, “CH,, *CH =12CH, *'CH,,
polysiloxane, 30 x 0.25nm, 0.2 co.a.tlng thickness. Tempera-loCH =SCH 5CH,, "CHy, °CH,, 5CHy, “CH,, 3CH,, 2CH,, 1COO

ture programming was as follows: Initial temperature T60r

2 min, temperature increased at'€.5min up to 30 and  Where the superscripts stand for carbon numbers.

maintained at this final temperature for 5 min. Injector and 1o high resolutiofC - NMR spectrum of the carbonyl car-

dectector temperature were 28@nd 34(L, respectively. bons of the triglycerides of ADB is presented in Fig 1 and it
) ] shows three signals at 173.3188 ppm, 173.2752 ppm and
Results and Discussion 172.8606 ppm. Referring to established data (Lie Keet ik

In this discussion we abbreviate saturated acyl groups ad4992; Lie Ken Jie and Cheng 1993; Lie Ken Jie and Lam 1995)
Sat., oleate [18:1 @] as O and linoleate [18:24927)] as L two of the signals could be paired, 173.2752 / 172.8606 with a
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Fig 2. Proton-decouple#C - NMR (100.6MHz) of the saturated carbons of the fatty acid chaiddenopus brevifloruseeds oil.
The integral value ‘a’ is for the peakcat24ppm,‘b’ is for the peak @t 25 ppm and ‘c’ is for the peak e 27 ppm.

chemical shift difference afa 0.415. The highest chemical The*C - NMR signal profiles in the upfield region (20 - 36

shift in the spectrum 173.3188 ppm can be assigned to carbgapm) of the ADB oil (Fig 2) were also found to be very charac-
nyl carbon of Sat. i position. teristic and could be used for identification of the acyl groups

. and their positional distribution on glycerol backbone. There
Ng (1983) has shown that C-1 of O and L attached to either 0Elre two sub-regions in the spectra that are useful for these

the 1,3 glyceridic carbons (i.e.aposition) occur at a slightly purposes (i) the C - 2 carbon shift regioa 4 ppm) and (ii)

lower field to that of Sat. occupying the same position (O e ¢ - 3 ¢a24 ppm), allylic (25 - 27 ppm), C - 13422 ppm)

Ppm) C-2 carbon shift region (ca 34 pprhur signals 34.2180
Rather than relying solely on chemical shift values, we haveppm, 34.1307 ppm, 34.0798 ppm and 34.0507 ppm appear in
also made use of the difference values to ascertain the type ehis region. Two of the signals 34.2180 ppm/34.0507 ppm
the ester and their positions on the glycerol backbonecould be paired (shift difference of 0.167 ppm). These shifts
throughout this discussion. The higher value of the pair ofare assigned to the C-2 carbon atoms of Sat. i thed 3
signals, 173.3018 ppm differs from the 173.3188 ppm signal bypositions. The 34.1307 ppm is assigned to B glyceridic

ca 0.0043 ppm. Referring to Ng (1983), the pair of signals Position and the 34.0798 ppm assigned to @ glyceridic
173.2752 ppm/172.8606 ppm could, therefore, be assigned to position. These assignments were based on established data,
in a andp positions. Signals observed in the carbonyl region (Li€ Ken Jieet al1992; Lie Ken Jie and Cheng 1993; Lie Ken Jie
of this oil indicate the presence of Sat. and L. Earlier report by""nd Lam 1995).

Ng (1983) has shown that resonances of saturated fatty acidS-3, allylic, C-17 and C-16 carbon shift regiofhe
were not resolved in the carbonyl region. two signals in the C-3 regiorcd 24 ppm) 24.9082 ppm and
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Fig 3. Proton-decoupletfC -NMR (100.6MHz) of the olefinic

carbons of the triacylglycerols oAdenopus breviflorus

seeds oil. In the assignment of the peaks, the superscripts U |

of symbol C are defined as follows, O for oleic and L for
linoleic. The subscripts of symbol C represents the speci-

fied carbon in the fatty acid chain.
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Fig 4. GC Chromatogram @&fdenopus brevifloruseeds oil. The

. T'_able 1 . numbers are retention times. The symbols are: P for Pal-
Fatty acid composition okdenopus breviflorus mitic acid, S for stearic acid O for oleic acid and L for
seed oil linoleic acid.

Fatty acids a (%) b (%) ¢ (%) “"CNMR observed by the same authors for C-17 carbon nuclei. The
Palmitic 10.10 10.10 10.84 * spectra of ADB also shows this de-shielding effect, so the
Stearic 250 9.90 14.06 * signals at 31.9632 ppm, 31.9414 ppm and 31.5632 ppm are as-
Oleic 2456 19.40 1384 14.10 signed to the shift of C-16 carbon nuclei of Sat., O and L res-
Linoleic 62.86 60.70 61.26 60.90 pectively present in the ADB oil. In the same manner, the
Saturated 12.60 19.90 2490 25.00 22.7335 ppm, 22.7189 ppm and 22.6098 ppm are assigned to

Unsaturated  87.42 80.10 7510 75.00 the shift of C-17 carbons of Sat., O and L respectively.

a, % Fatty acid composition as reported by Oderinde (1990); b, %Another very characteristic region in thé - NMR spectra of
Fatty acid composition as reported by Oshodi (1996); c, % Fattyoils that defines the acyl composition and positional distribu-

acid composition as obtained in the present effort by GC method; tjon on glycerol backbone is the olefinic carbon shift region.

*, % Fatty acid composition reported together as total saturated. 13C - NMR spectrum of ADB oil in this region is shown in
Fig 3.

24.8718 ppm can be paired having a chemical shift differenceN 1983) had ob d that the chemical shift b .

(Ad) of 0.036 ppm. Referring to established data, this pair of 9( ) had observed that the chemical shift between a pair

signals are assigned to C-3 of L distributed indhand3 of pEalks bdec?rﬂe ?maller.gorrt]h(.e ollef|n.|c cr]art)oc>nhngarer to the
glyceridic positions. No signal is found in the regaan32 methy! end of the fatty acid chain, i.e. in the O chain, magni-

: . tude of the peak separationis in the order C-9>C-10>C-12>
ppm, hence the presence tadins ethylenic system in the , )
seeds oil can be ruled out. C-13. He also observed that in the O chain, the peak for C-9

attached & glyceridic position appears at a lower field than
Ten signals appear in the region (20 - 27 ppm). The signal a5t attached at the -position and that the reverse order
27.2575 ppmis due to C-11 carbon atom of O, the 27.2356 ppnjy|ds for C - 10. These high / low field alteration in peak posi-
signal is due to C-14 carbon atom of L, the 27.2065 ppm is dugjoy ere also observed among the olefinic carbons of L chain.
to C-8 carbon atom of O and L and the 25.6573 ppm signal igy, general, in the O chaind between C -10 and CeBposi-
due to C-11 of L. The relative intensities of the allylic methy- +ions is 0.30 ppm and that between tifeipositions is 0.34
lene protons are distinct and the signals profile and intensityppm. In the L chain\d between C-13 and C ©Bpositions is
could serve as fingerprint for the identification of the oil. 0.20 ppm andd between thein- positions is 0.34 ppm. In the
Lie Ken Jie and Lam (1995) have observed a de-shielding orl chainAd between C-13 and C@-positions is 0.20 ppm and
der for the shifts of C-16 carbon nuclei as follows, Sat. (31.976A8 between theio-positions is 0.24 ppm whil&d between
ppm) > O (31.954 ppm) > L (31.567 ppm). This trend was alsoC-10 and C- 1B -positions is 0.17 ppm and theipositions is
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0.19 ppm. Based on these difference values and other estalthat in ADB consumed in the South-western part of Nigeria,
lished data, the peaks in the olefinic regions are assigned gsercentage saturated fatty acids is ca 25% and unsaturated
shown in Fig 3. The spectrum clearly shows the presence ofatty acids is ca 75% comprising of oleic(ca 14%) and lino-
O and L and absence of any triene ester. The intensity of théeic(ca 61%) acids.

peaks show that L is more abundant than O in ADB oil. The

sharpness of the C-9 and C-10 of O clearly indicate that theyAcknowledgement
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