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ABSTRACT

Triacylglycerols composition of ten lesser known and underutilised tropical seed oils

have been determined. The seed oils include Monodora tenuifolia, Monodora

myristica, Colocynthis citrullus, Cyperus esculentus, Cucumeropsis edulis,

Andenopus breviflorus Telfairia occidentalis, Blighia sapida, Antiaris africana and

Sesame indicum.

In the Moreacae family (M. tenuifolia, M. myristica) the dominant triacylglycerol are

OPO/POO, LLO, OOL, and OOO. They accounted for over 60% of the total

triacylglycerol content in the oils. In the Cypereceae family (C. esculentus),

OPP/POO, POL and 0 0 0 accounted for over 80% of the total triacylglycerol content.

In the Curcubitaceae family, SSP was the dominant triacylglycerol specie in A.

breviflorus, while OPO/POO and 0 0 0 were the dominant species in C. citrullus and

C. edulis.

Blighia sapida recorded a different distribution of triacylglycerols conposition. PLL

occurred at the highest concentration, while other high molecular weight

triacylglycerols were also identified in the oil. They include, SSA, OSA, LSA, OAA

and LLA. Analysis of A antiaris oil showed a different pattern in the distribution of the

triacylglycerols. LaLaM, MMLa and LaLaLa accounted for about 80% of the total

triacylglycerols. This result reflected the fatty acid composition of the oil. Laurie acid

(C12:0) and Myristic acid (C14:0) accounted for 71.5% of the total fatty acid.

The possible use of the oils as cocoa butter equivalents CBEs and cocoa butter

substitutes CBSs are discussed.



INTRODUCTION

Lipids are extremely important food products and accordingly much attention has

been focussed to their analysis. The position of the fatty acids substitution on the

glycerol backbone of the triacylglycerol is of great importance. Triacylglycerols

(TAGs) play important roles in nutrition, biochemical and biotechnological processes

(1,2). They are primary means of energy storage in animals and humans and their

hormonally controlled hydrolysis and oxidation reactions meets specific energy

requirements of organisms (3). However the ability to unambigiously identify

positional isomers of individual TAGs, especially when they are components of

complex natural mixtures is a long standing problem in lipid chemistry. This explains

why a variety of analytical methods have been employed towards solving the riddle.

The mass spectrometric methods which have been used for structural elucidation of

lipids include ; electron impact El (4,5), chemical ionisation Cl (6-8), desorption

chemical ionisation DCI (9,10), fast atomic bombardment FAB (11), thermospray

TSP (12) electron spray ionisation ESI (13,14) and atomospheric pressure chemical

ionisation APCI (15-17). Apart from these, liquid chromatography has also been

thoroughly investigated as a method of analysis of triacylglycerols. Examination of

literature reveals a number of points of agreement among the various authors

regarding the general strategy, major difficulties and limitations of the methods

include the appropriate stationary phase, correct mixtures in gradient elution and

detectors (18-21). In spite of the various methods available for the study of lipids, gas

chromatography still retained its position as the foremost method for the analysis of

lipids. It represents a reliable, fast and valuable tool in the determination of fatty

acids in lipids usually by transeterification of the triacylglycerols into methyl ester
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before subsequent injection. In addition, triacylglycerols could also be determined by

direct injection into the gas chromatography.

We have therefore chosen to consider the composition of triacylglycerols in ten

lesser known and underutilised seed oils, in which to our knowledge data on their

TAGs are either non-existent or scanty in literature. The seed oils include Monodora

tenuifolia, Monodora myristica, Colocynthis citrullus, Cyperus esculentus,

Cucumeropsis edulis, Andenopus breviflorus Telfairia occidentalis, Blighia sapida,

Antiaris africana and Sesame indicum. Our earlier studies on some of these seeds

have shown they contained a high oil content, in addition to a number of

monoterpenes, triterpene alcohols, sterols and hydrocarbons(22-26). The results

from these studies have prompted us to consider the nature of their tracylglycerols. It

is hoped that our studies will not only provide a baseline information on the

triacylglycerol structure in the tropical oils but also forms a sound basis on which

other methods could be used to answer salient questions which might be generated

from our studies.

EXPERIMENTAL

Collection and preparation of samples

The samples were obtained from markets in Ibadan, Akure, llorin, Warri and Kaduna.

They were identified at the Genetic Resources Unit of the International Institute of

Tropical Agriculture, IITA, Ibadan-Nigeria. They were subsequently ground in a mill

and stored in cellophane bags at 4°C prior analysis.



Triacylglycerols standards

All the standards used for the studies were purchased from the SIGMA Chemical

Company. They include: Tripalmitin PPP; i^-Dipalmitoyl-S-oleoyl-rac-glycerol PPO;

1 .S-Dipalmitoyl^-oleoyl-rac-glycerol POP; 1 ̂ -Distearoyl-S-palmotoyl-rac-glycerol

SSP; i-Stearoyl-^-oleoyl-S-palmitoyl-rac-glycerol SOP; 1,3-Dioleoyl-2-palmitoyl-rac-

glycerol OPO, i-Palmitoyl^^-dioleoyl-rac-glycerol SOO, 1,3-Dioleoyl-2-stearoyl-rac-

glycerol OSO; I.S-Distearoyl^-oleoyl-rac-glycerol SOS; 1 ̂ -Distearoyl-S-oleoyl-rac-

glycerol SSO; Triolein OOO; i^-Dimyristoyl-S-lauroyl-rac-glycerol MMLa; 1,2-

Dimyristoyl-3-palmitoyl-rac-glycerol MMP; 1 .S-Dipalmitoyl^-Linoleoyl-rac-glycerol

PLP; Trolinolein LLL; i^-Dilauroyl-S-myristoyl-rac-glycerol LaLaM; 1,2-Dilinoleoyl-3-

oleoyl-rac-glycerol LLO; i-Palmitoyl^-oleoyl-S-linoleoyl-rac-glycerol POL; 1,2-

Dioleoyl-3-linoleoyl-rac-glycerol OOL, i^-Linoleoyl-S-arachidonyl-rac-glycerol LLA ;

i-oleoyl^-Linoleoyl-S-arachidonyl-rac-glycerol OLA ; 1-stearoyl^.S-diarachidonyl-

rac-glycerol SAA ; 1-oleoyl-2-stearoyl-3-arachidonyl-rac-glycerol OSA ; 1-Linoleoyl-2-

stearoyl-S-arachidonoyl-rac-glycerol LSA ; 1 ̂ -dioleoyl-S-arachidonoyl-rac-glycerol

OOA.

Analytical methods

Lipids were separated on silica gel (20 x 20cm) using petroleum ether:

diethylether:acetic acid (80:20:1) as the mobile phase. Details of the procedure have

been described in earlier publication (22). The triacyglycerol fraction was identified,

scrapped off and eluted with CHCI2. The samples and standards (0.1//I) was injected

into the gas chromatography (CHROMPACK CP9000) using a Chrompack TAP

capillary column, 25m x 0.25mm, film thickness, 0.1//(J & W Scientific, Köln,

Germany). The carrier gas was hydrogen maintained between 95-96 kpa. The



temperature was programmed as follows; 80°C for 2 min.; temperature increased to

280°C at 30°C per min.; temperature increased to 355°C at 3°C per min.

Fatty acid composition

The fatty acid composition of the oil was determined by gas chromatography. There

was initial derivatisation of the fatty acid into the corresponding methylesters. To 0.1 g

of the oil, 5ml methanol and 1 ml CH2CI2 were added. The mixture was cooled in ice

and CH3COCI (0.6ml) was added. One milliliter of the solution was withdrawn into the

hydrolysis tube and heated for 1h. at 110°C. The solution was then cooled and

discharged into 10ml NaCI solution (1%) in a separating funnel. The organic fraction

was extracted with 3 x 4ml hexane. The mixture is pooled together and the volume

reduced to 0.3ml with a rotary vacuum evaporator. This was eluted successively with

5 ml hexane and 4ml CH2CI2. The CH2CI2 fraction was separated on a DB5, 30m x

0.25 mm, capillary column (J & W Scientific, Koln, Germany) installed on a GC

Chrompack CP 9001 equipped with flame ionisation detector and a Mosaic

integrator. The temperature was programmed as follows: 35°C for 3min.;

temperature increased 20°C per minute up to 120°C; 5°C per minute up to 230°C

and 230°C for minutes. Heptadecanoic acid was used as the internal standard.

RESULTS AND DISCUSSIONS

The percentage composition of the triacylglycerols is presented in Table 1, while the

chromatograms are depicted in Figures 1 - 1 0 . The fatty acid composition of-A

africana is shown in Figure 11.



The dominant triacyglycerol in M. tenuifolia are OPO/POO, OOL and LLO, together

they accounted for over 60% of the total triacylglycerol in the oil. A similar distribution

was obtained in a similar seed oil M. myristica. Together they belong to the

Moraecae family. In M. myristica OOO, OOL and OPO/POO accounted for 57.7% of

the total triacylglycerols in the oils. In M. tenuifolia, triacylglycerol containing more

than Ci8 fatty acids was not detected in the oil, whereas higher triacylglycerols, OSA,

SAA and LLA was detected in the M. myristica oil. In the C. esculentus oil,

OPO/POO, POL and 0 0 0 accounted for about 80% of the total triacylglycerols in

the oil. This is not strange because earlier work have shown that C. esculentus

consists mainly of oleic acid (C18:1) which accounts for about 70% of the fatty acid in

the oil (27). C. citrullus, C. edulis, A. breviflorus and 7. occidentalis has a similar

distribution of triacylglycerols in their respective oils. They all belong to the

Cucurbitaceae family. However there are variations in the distribution. C. citrullus and

C. edulis appear to exercise a close similarity among the family. OPO/POO, 0 0 0

are the dominant triacylglycerol in the oils. However in the other two oils in the family,

SSP was the dominant triaclyglycerol in the A, breviflorus, while OPO/POO occurred

at 35.5% in 7. occidentalis. Higher molecular weight triacylglycerols (fatty acid with

C2o > ) was observed in 7. occidentalis. B. sapida recorded a different distibution of

triacylglycerols. There was a uniform distribution of nearly all the triacylglycerols.

However PLL was the dominant triacylglycerol specie in the oil. SAA, OSA, LSA,

OAA and LLA were all identified in the oil. The dominant triacylglycerol in the S.

indicum is LLO, POL and LLL also occurred at a concentration higher than 10%.

Generally in almost the oils studied, triacylglycerols with saturated fatty acid blocks

(PPP, PPO/POP, PPS, PLP, SSP, SOP) occurred at a lower concentration (below

10%), while the dominant triacylglycerol in the oils are those in which at least two of
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the fatty acid moeity are unsaturated, particularly with C18:1. This will be very

important in the utilisation of the oils, as this would provide information to the degree

of intra or interesterification that will be carried out on the oil in order to modify the

properties for industrial use.

The result of the analysis of A. africana oil is presented in Table 2. It shows a

different pattern in the distribution of the triacylglycerol. This explains why the fatty

acid composition is presented alongside in Table 2. Laurie acid (C12) and Myristic

acid (Cu) represent the dominant fatty acid in the oils. They accounted for 71.5% of

the total fatty acids in the oil. LaLaM, MMLa and LaLaLa accounted for 68.8% of the

total triacyglycerols in the oil. The search for vegetable oil and fats as alternative for

cocoa butter in chocolate and confectionery products have been a major focus of

research for many decades now. The terms, cocoa butter equivalents (CBEs), cocoa

butter substitutes (CBSs) and cocoa butter replacers (CBRs) are strong for

technological and economic reasons. Our result is interesting because some of our

oils could either serve as CBEs or CBSs. A. africana oil could serve as cocoa butter

substitutes CBSs up to 100%. C. edulis and C. citrullus have a similar composition

like the cocoa butter fat and could serve as coca butter equivalents (28).

The carbon atoms in the glycerol portion of the triaclyglycerol skeleton is numbered

1-3. The fatty acids in positions 1 and 3 are most often interchangeable and difficult

to differentiate. The fatty acid attached to position 2 is also very important for

nutritional and functional properties of the oil and products made from them.

However in this study we are not able to distinguish between fatty acids attached to

positions 1 and 3 ; and that attached to position 2. However work is in progress on

the use of positive mode electron spray - mass spectrometer (ESI-MS-MS) on a triple

quadrapole mass spectrometer for the identification of the positions of the fatty acids

attached to the triacylglycerol skeleton. Preliminary results obtained with



derivatisation using silver metal appears to be interesting. It is hoped that this will be

published in the near future.

CONCLUSIONS

The triacylglycerols composition of ten underitilised tropical seeds oils have been

determined.

The dominant triacylglycerol in eight of the oils are OPO/PPO, OOO, OOL, LLO and

POL. The dominant triaclglycerol in Bligia sapida is PLL. Antiaris africana consists of

low molecular weight triacylglycerols (LaLaM, MMLa and LaLaLa).

Colocynthis citrullus and Cucumeropsis edulis oils could serve as cocoa butter

equivalents CBEs, while Antiaris africana oil could serve as CBSs.
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TABLE 1 : Percentage composition of triacylglycerols in some tropical underutilised seed oils

Sample PPPa PPO/ PPS PLP SSP SOP OPO/ POL PLL SLS SOO/ OOO OOL LLO LLL SAA OSA LSA OAA LLA LSA
POP POO OSO

1.7 2.9 2.5 13.2 9.8
1.5 - 5.8 14.9 8.1 - - 6.3 22.7 1.9 20.1 5.5 1.6 1.8 - - 1.9
1.8 - 8.7 17.7 10.9
1.0 - 3.1 33.7 30.7
3.1 - 9.2 26.6 5.6 2.6 2.0

4.7 7.9 14.2 6.2 9.8 14.5 - - 5.7 5.7 6.2 6.9 6.5 - 1.5 - - 1.3
1.5 - - 35.5 6.8
4.1 - 2.9 5.2 10.9 27.8 - 6.7 5.5 8.8 7.9 5.5 1.6 1.9 1.2 1.8 2.0
3.3 - 1.6 9.2 15.7 8.5 - 3.8 14.2 3.7 20.8 12.2 1.2 - - - - 1.3

MNTb

MNM
CLC
CPE
CME
ADB
TLO
BGS
SSD

-
2.2
1.9
-

1.9
2.7
-

_

3.8
4.9
4.9
3.6
10.1
6.1
8.1
4.1
3.5

1.8
6.3
4.9
5.8
9.1
5.7
-

6.7
3.8

6.5
22.7
22.6
14.2
21.1
5.7
4.2
5.5
14.2

30.7
1.9
9.9
3.6
3.3
6.2

21.7
8.8
3.7

17.8
20.1
8.3
-

3.2
6.9
8.8
7.9
20.8

7.7
5.5
5.6
-

1.8
6.5
4.8
5.5
12.2

1.6
2.3
-
-
-

1.6
1.2

1.8
-
-
-

1.5
1.9
1.9
_

-
-
-
-
-

4.7
1.2
_

Table 2:

LaLaLa

18.7

Triacylglycerols

LaLaM

36.9

and the fatty acid

Triacylglycerols

MMLa MMM

23.2 10.2

composition

LaLaP

6.2

of Antiaris africana

LaLaO C12:

3.2 4.5

oil

0 C14:0

46.3

Fatty

C16:0

35.2

acids

C18:0

6.9

C20:1

0.9

C20:0

4.7

aTripalmitin PPP; i^-Dipalmitoyl-S-oleoyl-rac-glycerol PPO; I.S-Dipalmitoyl^-oleoyl-rac-glycerol POP; i^-Distearoyl-S-palmotoyl-rac-glycerol SSP; 1-Stearoyl-2-

oleoyl-3-palmitoyl-rac-glycerol SOP; I.S-Dioleoyl^-palmitoyl-rac-glycerol OPO, i-Palmitoyl^.S-dioleoyl-rac-glycerol SOO, I.S-Dioleoyl^-stearoyl-rac-glycerol

OSO; I.S-Distearoyl^-oleoyl-rac-glycerol SOS; i^-Distearoyl-S-oleoyl-rac-glycerol SSO; Triolein OOO; i^-Dimyristoyl-S-lauroyl-rac-glycerol MMLa; 1,2-

Dimyristoyl-3-palmitoyl-rac-glycerol MMP; I.S-Dipalmitoyl^-Linoleoyl-rac-glycerol PLP; Trolinolein LLL; i^-Dilauroyl-S-myristoyl-rac-glycerol LaLaM; 1,2-

Dilinoleoyl-3-oleoyl-rac-glycerol LLO; i-Palmitoyl^-oleoyl-S-linoleoyl-rac-glycerol POL; i^-Dioleoyl-S-linoleoyl-rac-glycerol OOL, i^-Linoleoyl-S-arachidonyl-rac-

glycerol LLA ; 1-oleoyl-2-Linoleoyl-3-arachidonyl-rac-glycerol OLA ; i-stearoyl^-diarachidonyl-rac-glycerol SAA ; i-oleoyl^-stearoyl-S-arachidonyl-rac-glycerol

OSA ; i-Linoleoyl-^-stearoyl-S-arachidonoyl-rac-glycerol LSA ; i^-dioleoyl-S-arachidonoyl-rac-glycerol OOA.
bMNT, Monodora tenuifolia ; MNM, Monodora myristica ; CLC, Colocynthis citrullus ; CPE, Cyperus esculentus ; CME, Cucumeropsis edulis ; ADB, Adenopus

örewflorus ; TLO, Telfairia occidentalis ; BGS, Blighia sapida ; SSD, Sesame indicum



FIGURE CAPTIONS

Figure 1. Triacylglycerols of Monodora tenuifoila oil

Figure 2. Triacylglycerols of Monodora myristica oil

Figure 3. Triacylglycerols of Colocynthis citrullus oil

Figure 4. Triacylglycerols of Cyperus esculentus oil

Figure 5. Triacylglycerols of Cucumeropsis edulis oil

Figure 6. Triacylglycerols of Adenopus breviflorus oil

Figure 7. Triacylglycerols of Telfairia occidentalis oil

Figure 8. Triacylglycerols of Blighia sapida oil

Figure 9. Triacylglycerols of Antiaris africana oil

Figure 10. Triacylglycerols of Sesame indicum oil

Figure 11. Fatty acid composition of Antiaris africana oil
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