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Abstract 

A large number of insect species are potential sources of valuable nutrients for humans and animals. Inadequate information 
and advocacy on them seem to make this valuable source under-utilized in nutritional biochemistry. This study was conducted to 
determine the lipid composition profiles of processed larvae (palm grubs) of Rhynchophorus phoecinis and Rhynchophorus palmarum 
using standard methods. Average body weight was: R. phoenicis (19.3 ± 1.85g), R. palmarum (9.27 ± 3.83g). Lipid analyses results 
were varied in the two grubs. Crude fat was 6.24 - 7.48 g/100 g; SFA was 28.5 - 31.3% of total fat; MUFA was 37.4 - 39.9%; PUFA was 
28.8 - 34.1%; PUFA/SFA was 0.92 - 1.20; AA/DGLA was 0.75 - 9.96; EPA/DHA was 0.17 - 0.17; LA/ALA was 5.59 - 34.6; EPSI was 
0.72 - 0.91. The only significant sterol was cholesterol with levels of 77.9 - 103 mg/100g. Total phospholipid range was 386 - 437 
mg/100g with phosphatidylcholine (192 - 219 mg/100g) predominating. Significant differences existed in the fatty acid levels of the 
samples at r = 0.05. 
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Abbreviations

FA: Fatty Acid; LDL: Low Density Lipoprotein; SFA: Saturated Fatty Acid; MUFA: Monounsaturated Fatty Acid; PA: Petroselinic Acid; CV: 
Coefficient of Variation; LA: Linoleic Acid; ALA: Alpha-Linolenic Acid; AA: Arachidonic Acid; EPA: Eicosapentaenoic Acid; DPA-3: Docosa-
pentaenoic Acid; DHA: Docosahexaenoic Acid; PUFA: Polyunsaturated Fatty Acid; GLA: Gamma-Linolenic Acid; CLA: Conjugated Linolenic 
Acid; DGLA: Dihomo-Gamma-Linolenic Acid; EPSI: Essential PUFA Status Index; rxy: Correlation Coefficient; Rc: Regression Coefficient; CA: 
Coefficient of Alienation; IFE: Index of Forecasting Efficiency

Introduction 

A number of insects or their products were used as food in the past by some West African tribes, and are to a certain extent still eaten 
as tit-bits, or exclusively by children. Insects were also used in compounding poisons and curative medicines and palliatives; and some 
possible associations between them and diseases can be found in folklore. 

Insects eaten are mostly those which can be collected in large numbers, such as locusts in the gregarious phase, emerging alate ter-
mites, caterpillars, and the large African cricket Brachytrypes. Also eaten occasionally and sometimes regarded as delicacies, are fatty 
‘grubs’ such as the enormously distended queen termite, larvae and pupae of scarabaeid beetles, and of the African silk worm Anaphe 
spp. [1]. 
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The eating of insects, or entomophagy, is not confined to Africa. It is still being practiced in all the five continents, and has been 
throughout the course of history, and in all past cultures, including those of ancient China, Mexico, Egypt, Israel and Greece. The late Pro-
fessor Bodenheinmer of Jerusalem has written a 352-page book on the subject [2].  

Weevils are most diverse family in the world, occurring from the poles to the tropics, and feeding on all types of plants. They may range 
in size from around 1 - 50 mm long, and palm-associated weevils span the entire range. Most can be easily recognized by the elongated 
rostrum, or snout, bearing small mandibles at the tip. Larvae possess a large head capsule with correspondingly large mandibles, are 
legless, and move peristatically. They are usually whitish or cream-coloured, but often turn an orange-yellow colour prior to pupation. 
Late instar (http://itp.lucidcentral.org/id/palms/sap/glossary.htm#instar) larvae may be significantly larger than the imago (http://itp.
lucidcentral.org/id/palms/sap/glossary.htm#imago), up to 64 mm long and 25 mm wide. 

Worldwide there are ten species of Rhynchophorus that feed on palms. The R. ferrugineus and R. palmarum are essentially found in 
most warm areas around the world where there are palms, particularly the Mediterranean. You might call them…Med-weevil… Rhyn-
chophorus (rhin-KOH-for-us) is Greek meaning “snout bearing” and cruentatus (krew-en-TAT-us) is Latin for blood coloured. 

In their book on Cameroon cuisine, Grimaldi and Bikia [3] described their recipe for “coconut larvae” as a favourite dish offered only 
to good friends. 

The flavour of “palmworms” (fat, legless larvae of the weevil genus Rhynchophorus) has been appreciated throughout the tropical 
world for centuries. There are number of species, but the major ones from the standpoint of wide distribution and use as food are Rhyn-
choporus palmarum in the Western Hemisphere, R. phoenicis in Africa, and R. ferrugineus in Asia.  

The scientific classification is: Kingdom (Animalia), Phylum (Arthropoda), Class (Insecta), Order (Coleoptera), Family (Curculionidae), 
Genus (Rhynchophorus), Species (R. palmarum and R. phoenicis), Binomial name (Rhynchophorus palmarum and Rhynchophorus phoeni-
cis).  

According to Beckerman [4] and Bedford [5], palm grubs (larvae of African palm weevil) live and feed on the starchy pulp of the trunk 
of the raphia palm (Rhynchophorus phoenicis or African raphia palm weevil) and oil palm (Rhyncophorus palmarum or African oil palm 
weevil), which are both common in the tropical rainforest of Nigeria. Though African palm weevils are pests as they destroy valuable plant 
materials, the grubs are highly valued delicacies in Western and Niger Delta regions of Nigeria, where they are either eaten raw or after 
cooking by boiling, roasting or frying while some are used for medicinal purposes [6,7]. Palm grub has been shown to be high in crude 
protein (23.4 %), fatty acids, minerals (zinc and iron) and vitamins (thiamine and riboflavin) [8]. Hence, the need to exploit the nutrient 
potentials of palm grubs in order to bridge the gap between animal protein supply and consumption. This line of thought has therefore 
generated the present research interest in determining the lipid composition profiles (crude fat, fatty acids, sterols and phospholipids) of 
R. palmarum and R. phoenicis on comparative basis.

Materials and Methods

Collection of Sample 

Samples of raphia and oil palm tree grub (Rhyncophorus phoenicis and Rhyncophorus palmarum) were collected from Igbo-Orisa in 
Ikole –Ekiti, Ekiti State, Nigeria. About 15 whole samples of each type were collected together with pulpy centre of decaying palm tree 
trunk, put in a rubber container (with cover), sprayed with distilled water (to maintain a moist environment) and brought to the labora-
tory. 
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Sample Treatment 

The mature larvae were sorted out (eight in number). The weight, length and diameter of the eight samples were taken when fresh. 
The samples were then properly identified as R. phoenicis and R. palmarum. The samples were then oven-dried at about 80°C till constant 
weight was achieved and later dry-milled, the flour was sieved with 200 mm mesh. The sieved samples were kept in the deep freezer in 
plastic containers pending analysis. 

About 0.25g of each sample was weighed into the extraction thimble and fat extracted with petroleum ether (40-60°C boiling range) 
using a Soxhlet apparatus [9]. The extraction lasted 5 - 6h.  

The crude fat extracted was converted to the methyl ester using the boron trifluoride method [9]. The gas chromatographic conditions 
for the analyses of FAME (fatty acid methyl esters) were as follows: The GC was the HP 5890 powered with HP ChemStation rev A09.01 
[1206] software [GMI, Inc, Minnesota, USA] fitted with a flame ionization detector (FID). A split injection with split ratio of 20:1 was used. 
GC inlet temperature was 250°C with an oven programme of initial temperature at 60°C, first ramping at 10°C/min for 20 min (maintained 
for 4 min), second ramping at 15°C/min for 4 min (maintained for 10 min) and detector temperature at 320°C. A capillary column (30 m 
x 0.25 mm) packed with a polar compound (HPINNOWAX) with a diameter (0.25 µm) was used to separate the esters. The peaks were 
identified by comparison with standard fatty acid methyl esters. Carrier gas used was nitrogen. 

The sterol analysis was as described by AOAC [9]. The aliquots of the processed fat were added to the screw-capped test tubes. The 
samples were saponified at 95°C for 30 min, using 3 ml of 10 % KOH in ethanol, to which 0.20 ml of benzene had been added to ensure 
miscibility. Deionised water (3 ml) was added and 2 ml of hexane was added in extracting the non-saponifiable materials. The extractions, 
each with 2 ml of hexane, were carried out for 1h, 30 min and 30 min respectively. The hexane was concentrated to 1 ml in the vial for gas 
chromatography analysis and 1µl was injected into the injection pot of GC. The GC conditions of analyses were similar to the GC conditions 
for methyl esters analyses. The peaks were identified by comparison with standard sterols. 

The method of Raheja., et al. [10] was employed in the analysis of the phospholipids content determination. The GC conditions for 
analyses of phospholipids were similar to FAME analyses except in the following: Column type was HP5, oven programme initial tempera-
ture at 50°C, second ramping at 15°C/min for 4 min, maintained for 5 min and the detector was pulse flame photometric detector (PFPD).  

For the purpose of ensuring the accuracy of the results obtained, the followings were prepared: sterols, phospholipids and fatty acid 
methyl esters which were then compared with respective analytical results; calibration curves were prepared for all the standard mix-
tures and correlation coefficient determined for fatty acids, sterols and phospholipids. Correlation is a statistical index that shows the 
quality assurance of the calibration curve performed. It was prepared with the Hewlett Packard Chemistry (HPCHEM) software (GMI, Inc 
6511 Buncker Lake Blud Ramsey, Minnesota, 55303, USA).  

Statistical analyses [11] were carried out to determine mean, standard deviation, and coefficient of variation in per cent. Further 
statistical analysis was carried out by calculating the linear correlation coefficient (rxy), linear regression coefficient (Rxy), coefficient of 
determination (rxy

2), coefficient of alienation (CA), index of forecasting efficiency (IFE) in per cent and subjection of the rxy to standard 
Table value at r = 0.05 and two degrees of freedom. 

Results and Discussion 

Results

The body size distribution is shown in Table 1. For R. palmarum, mean weight (g) was 9.27 ± 3.83 and range of 6.78 - 17.6 (= 10.8) 
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with a coefficient of variation (CV) of 41.4 %; mean length (cm) was 5.64 ± 0.61 and range of 4.80 - 6.50 (=1.70) with CV% of 10.7; mean 
diameter (cm) was 1.68 ± 0.47 and range of 1.30 - 2.70 (= 1.40) with CV % of 27.8. 

Statistics* R. palmarum R. phoenicis
Live weight (g)

Mean 9.27 19.3
Range (6.78 - 17.6) = 10.8 (16.1 - 21.6) = 5.52

Standard deviation (SD) 3.83 1.85
Coefficient of variation (%) 41.4 9.58

Length (cm)
Mean 5.64 8.93
Range (4.80 - 6.50) = 1.70 (8.10 - 10.2) = 2.10

Standard deviation (SD) 0.61 0.68
Coefficient of variation (%) 10.7 7.66

Diameter (cm)
Mean 1.68 2.86
Range (1.30 - 2.70) = 1.40 (2.60 - 3.10) = 0.50

Standard deviation (SD) 0.47 0.18
Coefficient of variation (%) 27.8 6.45

Table 1: Body size distribution of oil palm and raphia palm tree grubs 
(Rhyncoporus palmarum and Rhynchoporus phoenicis) (wet weight).

*Eight studies.

The results of the crude fat content and the energy content of the samples are shown in Table 2. The fat content was low at 7.48 - 6.24 
g/100 g and corresponding energy levels of 284 - 237 kJ/100 g. The lower values of crude fat and energy were due to R. phoenicis and the 
higher values due to R. palmarum.

Parameter R. palmarum R. phoenicis Mean SD CV %
Crude fat (g/100 g) 7.48 6.24 6.86 0.88 12.8

Energy (kJ, kcalories) 284 (67.3) 237 (56.2) 261 (61.7) 33.3 (7.89) 12.8 (12.8)

Table 2: Crude fat and fat energy values from R. palmarum and R. phoenicis (dry weight).

In Table 3, the levels of saturated fatty acid (SFA) and monounsaturated fatty acid (MUFA) are shown. The following fatty acids (FAs) 
were not detected: C2:0, C3:0, C4:0and C5:0 in the two samples. Also, the following FAs recorded 0.00 % level in the samples: C6:0, C8:0, 
C10:0, C12:0 and C18:1 (trans-11). 

Table 4 depicts the polyunsaturated fatty acid (PUFA) n-6 and n-3 composition of grub samples.

Table 5 contains the summary of the results in Tables 3 and 4 as well as some ratio values.
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The statistical analysis of the results in Tables 3 and 4 as presented in Table 6 shows that correlation coefficient (rxy) was high at 
0.9180. 

Fatty Acid R. palmarum R. phoenicis Mean SD CV%
C2:0 Acetic -a -a - - -

C3:0 Propionic - - - - -

C4:0 Butyric - - - - -

C5:0 Valeric - - - - -

C6:0 Caproic 0.00 0.00 0.00 -b -b

C8:0 Caprylic 0.00 0.00 0.00 - -

C10:0 Capric 0.00 0.00 0.00 - -

C12:0 Lauric 0.00 0.00 0.00 - -

C14:0 Myristic 0.38 0.33 0.36 0.04 9.96

C16:0 Palmitic 23.8 26.4 25.1 1.84 7.32

C18:0 Stearic 3.30 3.63 3.47 0.23 6.73

C20:0 Arachidic 0.48 0.42 0.45 0.04 9.43

C22:0 Behenic 0.45 0.39 0.42 0.04 10.1

C24:0 Lignoceric 0.055 0.048 0.052 0.005 9.61

SFA 28.5 31.3 29.9 1.98 6.62

C14:1(cis-9) Myristoleic 0.16 0.14 0.15 0.014 9.43

C16:1(cis-9) Palmitoleic 4.25 5.13 4.69 0.62 13.3

C18:1(trans-6) trans-Petroselinic 0.17 0.15 0.16 0.014 8.84
C18:1(cis-6) Petroselinic 16.4 18.3 17.4 1.34 7.74

C18:1(trans-9) Elaidic 0.016 0.014 0.015 0.001 9.43

C18:1(cis-9) Oleic 15.5 15.4 15.5 0.07 0.46

C18:1(trans-11) Vaccenic 0.00 0.00 0.00 - -

C20:1(cis-11) Gondoic 0.61 0.53 0.57 0.06 9.92

C22:1(cis-13) Erucic 0.15 0.13 0.14 0.014 10.1

C24:1 (cis-15) Nervonic 0.055 0.048 0.052 0.005 9.61

MUFA 37.4 39.9 38.7 1.77 4.57

trans- 0.19 0.17 0.18 0.014 7.86

cis- 37.2 39.7 38.5 1.77 4.60

Table 3: Saturated and monounsaturated fatty acids composition of R. palmarum and R. phoenicis 
(dry weight) (% levels of total fat).

SFA: Saturated fatty acid; MUFA: Monounsaturated fatty acid; a = not detected; b = not determined.
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The regression coefficient (Rc) had a value of 0.82 meaning that for every I unit increase in the parameters determined in R. palmarum 
there was a corresponding increase of 0.82 units in the R. phoenicis. 

Fatty Acid R. Palmarum R. phoenicis Mean SD CV%
C18:2(cis-9, 12) Linoleic (n-6) 30.2 15.3 22.8 10.5 46.3

C18:2(cis-, trans-11) Rumenic (n-6)(CLA) 0.20 0.18 0.19 0.014 7.44

C18:3(cis-6, 9, 12) GLA (n-6) 0.81 2.74 1.78 1.36 76.9
C20:2(cis-11, 14) Eicosadienoic (n-6) 0.068 0.060 0.064 0.006 8.84

C20:3 (cis-8, 11, 14) DGLA (n-6) 0.56 0.50 0.53 0.042 8.00
C20:4 (cis-5, 8, 11, 14) Arachidonic (n-6) 0.42 4.94 2.68 3.20 119

C22:2(cis-13, 16)Docosadienoic (n-6) 0.055 0.048 0.052 0.005 9.61

C18:3(cis-9, 12 15) Alpha linolenic (n-3) 0.87 2.73 1.80 1.32 73.1
C20:3 (cis-11, 14, 17) Eicosatrienoic (n-3)  0.30 0.26 0.28 0.028 10.1

C20:5(cis-5,8,11,14,17) Timnodonic (EPA) (n-3) 0.055 0.048 0.052 0.005 9.61
C22:6(cis-4,7,10,13,16,19) Cervonic (DHA) 

(n-3)
0.32 0.28 0.30 0.028 9.43

PUFA 34.1 28.8 31.5 3.75 11.9
n-6 32.3 23.7 28.0 6.08 21.7
n-3 1.83 5.10 3.47 2.31 66.7

Table 4: Polyunsaturated  fatty acid (PUFA) levels (% total fat) of R. palmarum and R. phoenicis (dry weight)
CLA: Conjugated linoleic acid; GLA: Gamma-linolenic acid; DGLA: Dihomo-gamma linolenic acid.

The spread of various fatty acids was more pronounced in the R. palmarum than in R. phoenicis as shown by these respective values: 
mean value of 3.85 ± 8.10 and 3.85 ± 6.94. The coefficient of alienation (CA) was 39.65% while the index of forecasting efficiency (IFE) 
per cent was 60.35. The IFE is a reduction in the error of prediction of relationship between the two samples. The rxy level at r = 0.05 was 
0.388 which showed a significant difference in the fatty acids levels in the two grubs.  

Parameter R. palmarum R. phoenicis Mean SD CV%
SFA 28.5 31.3 29.9 1.98 6.62

MUFA 37.4 39.9 38.7 1.77 4.57
trans- 0.19 0.17 0.18 0.014 7.86

cis- 37.2 39.7 38.5 1.77 4.60
PUFA 34.1 28.8 31.5 3.75 11.9

n-6 32.3 23.7 28.0 6.08 21.7
n-3 1.83 5.10 3.47 2.31 66.7

PUFA/SFA 1.20 0.92 1.06 0.20 18.7
MUFA/SFA 1.31 1.27 1.29 0.028 2.19

n-6/n-3 PUFA 17.7 4.65 11.2 9.23 82.6
LA/ALA 34.6 5.59 20.1 20.5 102

AA/DGLA 0.75 9.96 5.36 6.51 122
EPA/DHA 0.17 0.17 0.17 0.00 -

EPSI 0.91 0.72 0.82 0.13 16.5

Table 5: Some parameters calculated from Tables 3 and 4.
LA: Linoleic acid; ALA: Alpha linolenic acid; AA: Arachidonic acid; DGLA: 
Dihomo-gamma-linolenic acid; EPA: Eicosapentaenoic acid; DHA: Docosa-

hexanoic acid; EPSI: Essential PUFA status index.
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Statistics Values
Correlation coefficient (rxy) 0.9180

Coefficient of determination (rxy
2) 0.84

Intercept (Regression coefficient, Rc) 0.82
Mean of fatty acids due to R. palmarum 3.85

Standard deviation of fatty acids due to R. palmarum 8.10
Mean of fatty acids due to R. phoenicis 3.85

Standard deviation of fatty acids due to R. phoenicis 6.94
Coefficient of alienation (CA) % 39.65

Index of forecasting efficiency (IFE) % 60.35
Degrees of freedom = n-2 = 26-2 24

r = 0.05 0.388
Statistical decision Significant

Table 6: Statistical analysis of the results in Tables 3 and 4.

The sterol results in Table 7 showed the values of cholesterol to be high in all the samples ranging from 103 - 77.9 mg/100g represent-
ing percentage levels of 99.3 - 99.1% making other types of sterols very irrelevant since they constituted 0.70 - 0.93% of the total sterols 
in the samples.

Sterol R. palmarum R. phoenicis Mean SD CV%
Cholesterol 102.50324 77.85154 90.177397 17.4 19.3
Cholestanol 4.73441e-4 6.32826e-4 5.531335e-4 1.13 20.4
Ergosterol 1.96914e-3 2.16821e-3 2.068675e-3 0.14 6.80

Campesterol 7.08256e-1 7.07107e-1 7.076815e-1 0.008 0.118
Stigmasterol 1.66947e-3 1.69171e-3 1.68059e-3 0.016 0.936

5-Avenasterol 8.85468e-3 8.85747e-3 8.856075e-3 0.002 0.022
Sitosterol 6.43315e-3 6.40140e-3 6.417275e-3 0.022 0.350

Total 103.23090 78.57840 90.90465 17.4 19.2

Table 7: Sterol levels (mg/100 g) of the grub samples (dry weight).

Phospholipid R. palmarum R. phoenicis Mean SD CV%
Phosphatidylethanolamine 116 (26.5 %) 107 (27.7 %) 112 6.36 5.71

Phosphatidylcholine 219 (50.1 %) 192 (49.7 %) 206 19.1 9.29
Phosphatidylserine 78.4 (17.9%) 71.0 (18.4 %) 74.7 5.23 7.00

Lysophosphatidylcholine 3.15 (0.72 %) 1.08 (0.28 %) 2.12 1.46 69.2
Phosphatidylinositol 19.5 (4.46 %) 14.9 (3.86 %) 17.2 3.25 18.9

Total 437 386 412 36.1 8.76

Table 8: Phospholipid levels (mg/100 g) of the grub samples (dry weight).
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In Table 9, the rxy was low (0.0979) with high Rc (34.4). The two mean values were close but scattered within each sample with values 
as 87.3 ± 86.6 (R. palmarum) and 39.1 ± 47.4 (R. phoenicis). The CA was high (99.52%) and IFE was very low (0.48%) thereby making the 
prediction of relationship between the phospholipids level of the grubs difficult. The reduction in the error of prediction of relationship 
was just 0.48%. The rxy value at r = 0.05 was 0.878 showing result was not significant differently between the grub phospholipid values.  

Statistics Samples Values
rxy 0.0979
rxy

2 0.0096
Rc 34.4

Mean due to R. palmarum 87.3
Standard deviation due to R. palmarum 86.6

Mean due to R. phoenicis 39.1
Standard deviation due to R. phoenisis 47.4

CA (%) 99.52
IFE (%) 0.48

Degrees of freedom = n-2 = 5-2 3
r = 0.05 0.878

Statistical decision Not significant

Table 9: Statistical analysis of the phospholipid levels (mg/100 g) of the grub.

On pair-wise comparisons the R. palmarum was less than R. phopenicis in all the parameters determined. However, the range in all the 
parameters was least in each case for R. phoenicis but on the reverse, the CV % in the R. palmarum was greater than the R. phoenicis on 
pair-wise basis. Adeyeye and Aye [12] reported mean body weight of 15.7g, mean length of 9.47 cm and mean body diameter of 2.0 cm in 
R. phoenicis whereas in R. palmarum mean body weight was 30g, mean body length was 3 - 4 cm and mean body diameter was 1.0 - 1.5 cm 
[13]. Dufour [14] reported a live weight of 3 - 16g for the grubs. While the larva of R. phoenicis was white, that of R. palmarum was yellow.  

The crude fat values were close to the level in R. phoenicis flesh (9.37 g/100g) and viscera (6.27 g/100g) [12]. The crude fat content in 
the present samples was close and therefore had a low CV% of 12.8. 

Palmitic acid (C16:0), was the overall highest saturated FA in both samples ranging between 23.8 - 26.4% total fat with a trend of R. 
phoenicis > R. palmarum. This acid accounts for 27% of the FAs in beef. There is a very strong evidence that C16:0 raises serum cholesterol 
levels [15] and that this occurs predominantly by increasing bad cholesterol (LDL) levels. This FA accounts for most cholesterol-raising 
activity from fat sources, thereby increasing the risk of atherosclerosis, cardiovascular diseases and stroke [16]. Stearic acid (C18:0) is the 
second highest SFA with range value of 3.30 - 3.63% with a trend of R. phoecinis > R. palmarum. The acid accounts for about 18 % of the 
FA in beef. Several studies have shown that the C18:0 effects on total cholesterol is minimal and not detrimental to human health [17]. For 
practical purposes, stearic acid is essentially neutral in its effects on serum total cholesterol, similar to oleic acid [15]. It is not clear why 
stearic acid does not raise cholesterol level as do other SFAs. A possible reason could be that it is rapidly absorbed into tissue compared 
with other SFAs [15]. Lauric (C12:0) and myristic (C14:0) FAs are responsible for raising bad cholesterol levels in blood serum [15] and 
have been shown to be strongly correlated with early heart attack [18]. However, the percentages of lauric (0.00 - 0.00%) and myristic 
(0.38 - 0.33%) in the samples were low. These results suggest that the grubs have no more cholesterol-raising effect than chicken or fish 
and therefore, grubs need not to be eliminated from cholesterol-lowering diets [19]. Other minor SFAs were arachidic (C20:0), behenic 
(C22:0) and lignoceric (C24:0) which were all low in values with respective levels of 0.48 - 0.42%, 0.45 - 0.39% and 0.055 - 0.048%. The 
lowest CV% was recorded in total SFAs (6.62%) and highest in behenic acid (10.1%) and others between 6.73 - 9.96% (for SFAs having 
percentage values greater 0.00 %). 
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Petroselinic acid (C18:1 cis-6) occurs up to a level of 50% or more in seed oils of the Umbelliferae family, including carrot, parsley 
and coriander. Kleiman and Spencer [20] gave the levels of petroselinic acid (PA) as 24 - 37% in the various species of Umbellifere and 
Araliaceae. The unusual position of the double bond in this FA provides an opportunity for production, through cleavage of this bond, of 
valuable raw materials-lauric and adipic acids. Petroselinic acid range in the present samples was 16.4-18.3 %. The data of Weber., et al. 
[21] on fat absorption and fecal excretion indicate that petroselinic acid from dietary triacylglycerols is absorbed as readily as oleic acid. 
Petroselinic acid was the highest concentrated of all the MUFA FAs.

Trans-18:1 levels in the samples were trans petroselinic acid (C18:1 trans6) (0.17 - 0.15%), elaidic acid (C18:1 trans-9) (0.016 - 
0.014%), vaccenic acid (C18:1 trans-11) (0.00 - 0.00%). Tissues of ruminant animals, such as cows, sheep and goats, can contain a num-
ber of different 18:1 isomers like C18:1trans-9 (5.0 %) and C18:1 cis-9 (85 %), C18:1 trans-11 (0.47 %) and C18:1 cis-11 (47 %) [22]. 
Although cis-vaccenic acid was not in these results, however its biosynthetic precursor C16:1(cis-9) palmitoleic acid had values range of 
4.25 - 5.13 % as the third highest level of the MUFA FAs. Gondoic acid C20:1 (cis-11) is a common if minor constituent of animal tissues 
and fish oils, often accompanied by the 13-isomer. It is also found in rapessed oil and seed oils of related species; it had a range of 0.61 - 
0.53% in the grubs. Erucic acid [C22:1 (cis-13)] was 0.15 - 0.13% in the grubs. 

Elaidic acid can raise bad cholesterol (LDL) in serum [23]. Trans-fatty acids do not have beneficial properties compared to cis-fatty 
acids. Trans-fatty acids may behave similar to SFAs. Palmitoleic acid is beneficial in reducing bad cholesterol (LDL), it also reduces the fat 
deposition in blood vessels and reduces blood clot formation [15]. Oleic acid [C18:1 (cis9)] is the primary MUFA in beef and accounts for 
about 33 % of the FA in beef. In the present report oleic acid had a range of 15.5 - 15.4% with the trend: R. palmarum > R. phoenicis values. 
Oleic acid does not raise serum cholesterol [19]. In several studies on the relative carcinogenicity of fatty acid or their ability to suppress 
the immune system, oleic acid is the FA with the least negative effect [15]. One reason why oleic acid may not raise serum cholesterol 
concentrations is because it is a favoured substrate for the liver enzyme that converts cholesterol to an inactive form (the Acyl CoA trans-
ferase: cholesterol acyltranferase) [15]. Oleic acid formed the second most concentrated MUFA FA in the samples. While the total MUFA 
(trans) was 0.19 - 0.17 %, the MUFA (cis) was 37.2 - 39.7% in the samples. In both the SFA and the MUFA FAs, the trend was R. phoenicis 
> R. palmarum.  

The major important polyunsaturated FAs found in beef are linoleic acid (LA) (C18:2) (about 3.5%), alpha-linolenic acid (ALA) (C18:3) 
(1.5%), arachidonic acid (AA) (C20:4) (about 1%), eicosapentaenoic acid (EPA) (C20:5) (< 1%), docosapentaenoic acid (DPA-3) (C22:5) 
(< 1%) and docosahexaenoic acid (DHA) (C22:6) (< 1%) [24]. ALA (C18:3) is classified as a short-chain omega-3 FA and is also found in 
nuts and seeds. EPA, DPA-3 and DHA are found predominantly in foods of marine origin and are classified as long-chain omega-3 FAs. Both 
linoleic acid (C18:2) and AA (C20:4) belong to the omega-6 family of FAs. The present levels of LA were higher than the literature value 
cited above, the range was 30.2 - 15.3%, this was also the case in AA with values of 0.42 - 4.94%. For the n-3 FAs, EPA range was 0.055 - 
0.048%, DHA is 0.32 - 0.28%, ALA was 0.87 - 2.73 and eicosatrienoic acid was 0.30 - 0.26%. Total PUFA trend was R. palmarum (34.1%) > 
R. phoenicis (28.8%). One other significant n-6 FA was gamma- linolenic acid (GLA) with value range of 0.81 - 2.74%. 

The omega-3 FAs, like ALA (C18:3), appear to have little direct value for human health. However, the human body can add 2 or 4 car-
bons to these 18carbon chains fats to produce 20- or 22-carbon chains omega-3 FA. Thus, ALA is a precursor for EPA (C20:5) and DHA 
(C22:6) FAs, which are important for human health. It has been suggested that ALA has a beneficial effect on cardiovascular heart disease 
[25]. ALA (C18:3) may help balance LA (C18:2) and be beneficial. 

For many years linoleic acid (LA) (C18:2; omega-6) was thought to be the preferable FA for the diet because it was considered to be the 
most effective cholesterol-lowering FA. However, despite an increase in LA intake (from about 4% to 7%), there has been a growing res-
ervation about recommending its consumption, due to no proven long-term safety [15]. Current recommendations have been moderated 
and now caution that intakes of this fatty acid should not exceed current concentrations (about 7 % of total energy intake) [15]. However, 
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recent information from the American Heart Association indicates that LA has a noticeable effect on lowering cholesterol further than 
oleic and palmitic acids when plasma cholesterol levels are high (> 200 mg/dl). They suggest that at a 10% calorie intake in the form of 
PUFAs, LA achieves a maximal effect on cholesterol lowering. It also has been suggested [26] that a higher intake of LA appears to protect 
against stroke, possibly through potential mechanism of decreased blood pressure, reduced platelet aggregation and enhance deform-
ability of erythrocyte cells. 

LA and ALA are FAs that can be transformed to CLA (conjugate linolenic acid) by bacteria in the rumen [27] hence, rumenic acid. Inter-
est in CLA research has increased in the past few years as a result of reports of CLA consumption providing several health benefits [20]. 
Because plants do not synthesize CLA, ruminant fats in milk or meat are the primary dietary CLA sources for humans. It has been found 
that CLA is an antioxidant, which also reduces circulating cholesterol in mice [28]. Other literature reports that CLA has a positive effect 
by reducing cardiovascular risk, protects against atherosclerosis, is anti-carcinogenic, reduces body contents of adipose tissue and lipid, 
and enhances the immune system [28]. The level of CLA in the grub samples ranged from 0.20 - 0.18% with the trend as R. palmarum > 
R. phoenicis. 

It has been suggested that AA (C20:4) is detrimental to human health [29]. However, it promotes inflammation that is an important 
protective response when one is injured. It also forms the basis of antiinflammatory prostaglandins that the body uses, to reduce inflam-
mation [30]. The amount of AA in beef is very low (< 0.5% of total fat); thus great amounts of beef have to be consumed to detect any con-
tradictory effect. AA in the grubs was much higher than 0.5% in the beef, values ranged from 0.42 - 4.94% with R. palmarum < R. phoenicis.  

Two other omega-3 FAs in the samples, DHA (C22:6) and EPA (C20:5), have been reported to have health benefits. These omega-3 
FAs have been shown to prevent cancer, cardiovascular disease, as well as being therapeutic for arthritis, autoimmune disease, inflam-
matory effects and depression [31]. DHA is also important during pregnancy for infant and brain development and reduces the incidence 
of premature birth. EPA lowers blood cholesterol and reduces blood clotting, allowing better circulation. Thus, there is a benefit from the 
production of additional DHA and EPA by the body’s elongation and desaturation of shorter chain FAs (C18:3 omega-3; 18:2 omega-6; 
18:1 omega-9), omega-9 in humans. In the grubs EPA ranged from 0.055 - 0.048% whereas DHA ranged from 0.32 - 0.28%.  

Erucic acid (C22:1; about 1% in beef fat) is a fatty acid that is apparently responsible for a favourable response of persons with nervous 
system disorders [32]. The level of erucic acid in this report ranges from 0.15 - 0.13 %. The administration of erucic acid in the diet will 
reduce the serum levels and brain accumulation of very long chain SFAs (such as 26:0) responsible for demyelination [33]. Accumulation 
of certain long-chain FAs is associated with degenerative diseases of the central nervous system such as behenic acid (C22:0; about 1 % in 
beef fat) and lignoceric acid (C24:0; about 1%) as well as that of the unsaturated members of the C22 and C24 group. Behenic acid levels 
ranged from 0.45-0.39 %; lignoceric acid levels ranged from 0.055 - 0.48% in the grubs. Accumulation occurs because enzymes needed to 
maintain turnover of this FAs are lacking. Behenic acid has been detected to be a cholesterol-raising SFA factor in humans [34]. 

The relative amounts of PUFA and SFA in dietary oils is important in nutrition and health. The ratio of PUFA/SFA (P/S ratio) is there-
fore important in determining the detrimental effect of dietary fats. The higher the P/S ratios the more nutritionally useful is the dietary 
oil. This is because severity of atherosclerosis is closely associated with the proportion of the total energy supplied by SFAs and PUFAs 
[35]. The present PUFA/SFA levels ranged from 1.20 - 0.92 which is averagely good. Dietary studies on rats and animals have shown that 
ALA is a strong suppressor of n-6 FA metabolism, whereas 10 times as much LA is required to give an equal suppression of n-3 metabolism 
[36]. The n-6 and n-3 FAs have critical roles in the membrane structure and as precursors of eicosanoids, which are potent and highly re-
active compounds. Since they compete for the same enzymes and have different biological roles, the balance between the n-6 and n-3 FAs 
in diet can be of considerable importance. The ratio of n-6 to n-3 or specifically LA to ALA in the diet should be between 5:1 and 10:1 [37] 
or 4-10 g of n-6 FAs to 1.0 g of n-3 FAs. As LA is almost always present in foods, it tends to be relatively abundant in animal tissues. This 
is supported in the present report as follows: C18:2 (n-6) ranged as follows: 30.2 - 15.3% whereas C18:3 (n-3) ranged as 0.87 - 2.73%. In 
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turn, these FAs are the biosynthetic precursors in animal systems of C20 and C22 PUFAs, with 3 - 6 double bonds, via sequential desatura-
tion and chain-elongation steps. On the overall n-6/n-3 ratios, the values of 17.7 to 4.65 follow the trend of LA/ALA of 34.6 to 5.59; only 
the values in the R. phoenicis fell within the standard. In the diet of R. palmarum as food source, it should be supplemented with n-3 source. 
The relative proportion of MUFA/SFA is an important aspect of phospholipids compositions and changes to this ratio have been claimed 
to have effects on such disease states as cardiovascular disease, obesity, diabetes, neuropathological conditions and cancer. The MUFA/
SFA levels in the samples ranged from 1.31 to 1.27 which were much better than in the PUFA/SFA particularly in R. phoecinis. For example, 
MUFA/SFA have been shown to have cytoprotective actions in pancreatic β-cells. Cis-Monoenoic acids have desirable physical properties 
for membrane lipids in that they are liquid at body temperature, yet are relatively resistant to oxidation. 

A high ratio between AA and DGLA [dihomo-gamma-linolenic acid, C20:3n-6 (cis-8, 11, 14)], as an indicator of ∆-5 desaturase activity 
in the skeletal muscle phospholipids has been related to good insulin sensitivity. Table 5 gives the AA/DGLA values range as 0.75 - 9.96 
which were favourable to good insulin sensitivity. Both mead acid (C20:3n-9) (5z, 8z, 11z)- Eicosa-5, 8, 11- trienoic acid and osbond acid 
(C22:5n-6) are produced if insufficient essential PUFA are available to meet PUFA requirements in the synthesis of long-chain PUFA. Both 
mead and osbond acids are therefore essential PUFA status markers. The higher the EPA/DHA and EPSI (essential PUFA status index) the 
better the essential PUFA status. 

Cholesterol is a high-molecular weight alcohol that is manufactured in the liver and in most cells. Along with SFA, cholesterol in the cell 
membrane gives cells necessary stiffness and stability. 

This is why serum cholesterol levels may go down temporarily when we replace SFA with PUFA in the diets [38]. Cholesterol acts as a 
precursor to vital corticosterols, hormones that help us deal with stress and protect the body against heart disease and cancer; and to the 
sex hormones like androgen, testosterone, estrogen and progesterone. Cholesterol is a precursor to vitamin D, a very important fat-soluble 
vitamin needed for healthy bones, teeth and nervous system, proper growth, mineral metabolism, muscle tone, insulin production, repro-
duction and immune system function. The bile salts are made from cholesterol. Bile is vital for digestion and assimilation of fats in the diet. 
Research shows that cholesterol acts as an antioxidant [39]. This is the likely explanation for the fact that cholesterol levels go up with 
age. As an antioxidant, cholesterol protects us against free radical damage that leads to heart disease and cancer. Cholesterol is needed 
for proper function of serotonin receptors in the brain [40]. Serotonin is in the body’s natural “feelgood” chemical, low cholesterol levels 
have been linked to aggressive and violent behaviour, depression and suicidal tendencies. Mother’s milk is especially rich in cholesterol 
and contains a special enzyme that helps the baby utilise the nutrient. Babies and children need cholesterol-rich foods throughout their 
growing years to ensure proper development of brain and nervous system. Dietary cholesterol plays an important role in maintaining the 
health of the intestinal wall. This is why low cholesterol vegetarian diets can lead to leaky gut syndrome and other intestinal disorders.  

Cholesterol levels in literature from many animal protein sources are either lower or higher than the grubs cholesterol levels. Values 
in mg/100 g are: fish (50 - 60), egg yolk (1260), meat and poultry (60 - 120), brain (2000 - 3000), liver (300 - 350) [41]; others are rabbit, 
lean (71), others brain, sheep (2200), liver: ox (270), sheep (430), pig (260) and calf (370) [42]. Most authorities, but not all, recommend 
a reduction in dietary cholesterol to around 300 mg or less per day [41]; the two grubs had levels of cholesterol of 103-77.9 mg/100 g 
which means at least about 300 mg of R. palmarum or 311 mg of R. phoenicis will be consumed per day to meet this minimum level. The 
CV% of the cholesterol level was 19.3 which means the values were close in the two samples. 

Phospholipids are not essential nutrients: they are just another lipid and, as such, contribute 9 kcalories per gram of energy. Minor 
contributor to the phospholipids level was lysophosphatidyl choline that contributed less than 1% in each of the grub samples (0.72 - 
0.28%). Actual values for the lysophosphatidyl choline ranged from 3.15 - 1.08 mg/100g. The total phospholipids level ranged from 437 
- 386 mg/100g showing the grubs to be moderately high in phospholipids content. The highest phospholipid was lecithin (phosphatidyl-
choline) with values ranging from 219 - 192 mg/100g or 50.1 - 49.7%; this was slightly followed by phosphatidylethanolamine (cephalin, 
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PE) with values ranging from 116 - 107mg/100g or 26.5 - 27.7% and for third position (phosphatidylserine): R. palmarum (78.4 mg/100g, 
17.9%), R. phoenicis (71.0 mg/100g, 18.4%). The fourth position was occupied by Ptd Ins (PI) (phosohatidylinositol) with values of 19.5 
mg/100g (4.46%) (R. palmarum) and 14.9 mg/100g (3.86%) (R. phoenicis). The CV% was generally low to high at 5.71 - 69.2. 

Lecithin is usually the most abundant phospholipid in animals and plants, often amounting to almost 50 % of the total, and as such it 
is the key building block of membrane bilayers. This observation is true for lecithin values in these results with percentage values rang-
ing from 50.1 - 49.7%. Phosphatidylcholines (PC) are a class of phospholipids that incorporate choline as a head group. They are a major 
component of biological membranes and can be easily obtained from a variety of readily available sources such as egg yolk or soy beans 
from which they are mechanically extracted or chemically extracted using hexane. They are also a member of the lecithin group of yellow-
brownish fatty substances occurring in animal and plant tissues. At birth and throughout infancy, phosphatidylcholine concentrations are 
high (as high as 90% of the cell membrane), but it is slowly depleted to as low as 10 % of the cellular membrane in the elderly. As is such, 
some researchers in the fields of health and nutrition have begun to recommend daily supplementation of phosphatidylcholine as a way 
of slowing down senescence [43] and improving brain functioning and memory capacity [44]. Cephalin (PE, phosphatidylethanolamine) 
is found in all living cells, although in human physiology it is found particularly in nervous tissue such as the white matter of brain, nerves, 
neural tissue and in spinal cord. The US Food and Drug Administration (USFDA) have stated that consumption of PS may reduce the risk 
of cognitive dysfunction in the elderly [45]. Early studies of PS distilled the chemical from bovine brain. 

Because of concerns about Bovine Spongiform Encephalopathy, however, modern and commercially available products are made from 
soybeans. PS has been demonstrated to speed up recovery, prevent muscle soreness, improve well-being, and might possess ergogenic 
properties in athletes involved in cycling, weight training and endurance running. In recent studies, PS has been shown to enhance mood 
in a cohort of young people during mental stress and to improve accuracy during tee-off by increasing the stress resistance of golfers [46]. 
PS has been shown to reduce specific immune response in mice [47]. The average daily PS intake from the diet in Western countries is 
estimated to be 130 mg. 

Conclusions 

The findings of this study showed that the body size of mature grubs varied a lot. The crude fat levels were of slight unequal distribu-
tion. The SFA was less than the total unsaturated fatty acids in the grubs: 28.5% < 71.5% (R. palmarum) and 31.3% < 68.7% (R. phoenicis); 
the trans C18:1 was also generally low at 0.19 - 0.17% making the fats good for human health. The cholesterol was the only sterol of sig-
nificance and was generally lower than the recommended daily intake of 300 mg per day by 1/3 - 1/4. The phospholipids was generally 
moderately high and will promote the health of grubs consumers. On the whole palm grubs will serve as good animal food in dietary fat 
sources. 

Quality Assurance 

The correlation determined for all the standards: fatty acids, phospholipids and sterols, all had values ranging as follows: 0.99833 - 
0.99997 (fatty acids), 0.99909 - 0.99999 (phospholipids) and 0.99920 - 0.9994 (sterols); all the correlation values were greater than 0.95 
which is the critical correlation for acceptance of these types of analytical results, thus attesting to the quality assurance of the determina-
tions. 

Bibliography

1. Ene JC. “Insects and Man in West Africa”. Ibadan University Press, Ibadan (1963): 15-26.

2. Bodenheimer FS.“Insects as human food”. W. Junk, The Hague (1951): 352.

3. Grimaldi J and Bikia A. “Le Grand Livre de la Cuisine”. Camerounaise (1985): 136.  

http://agris.fao.org/agris-search/search.do?recordID=US201300679728
http://link.springer.com/book/10.1007%2F978-94-017-6159-8


136

Studies on the Lipid Composition of Two Types of African Palm Grubs Consumed in Nigeria

Citation: Emmanuel Ilesanmi Adeyeye. “Studies on the Lipid Composition of Two Types of African Palm Grubs Consumed in Nigeria”. 
EC Nutrition 7.3 (2017): 124-138.

4. Beckerman S. “The use of palms by the Bari Indians of the Maracaibo Basin”. Principes 21 (1977): 143 - 154.

5. Bedford GO. “Biology, ecology and control of palm rhinocerol beetles”. Annual Review of Entomology 25 (1980): 309-339.

6. Oluyemi JA and Roberts FA. “Poultry production in warm wet climates”. Revised edition. Spectrum books limited. Spectrum House, 
Ibadan (2000): 150.

7. Onyeike EN., et al. “Nutritive value of the larvae of raphia palm beetle (Oryctes rhinoceros) and weevil (Rhyncophorus phoenicis)”. 
Journal of the Science of Food and Agriculture 85.11 (2005): 1822-1828.

8. Chinweuba AJ., et al. “Nutritional potentials of Rhynchophorus phoenicis (African raphia palm weevil): Implications for food secu-
rity”. Asian Journal of Research in Chemistry 4.3 (2011): 452-454.

9. AOAC. “Official Methods of Analysis. 18th ed. Ass. of Official Analytical Chemists”, Washington DC, USA, 920.39 (A), 969.33 and 996.06, 
970.51(2005).

10. Raheja RK., et al. “New colorimetric method for the qantitative estimation of phospholipids without acid digestion”. Journal of Lipid 
Research 14.6 (1973): 695-697.

11. Oloyo RA. “Fundamentals of Research Methodology for Social and Applied Sciences”. ROA Educational Press, Ilaro, Nigeria (2001): 
286.

12. Adeyeye EI and Aye PA. “The chemical composition and functional properties of the flesh and viscera of raffia palm tree grub (Rhyn-
cophorus phoenicis)”. Open Journal of Analytical Chemistry Research 1.2 (2013): 18-25.

13. Oladipo IO. “Palm grub culture and domestication”. Bureau for Exchange and Distribution of Information on Mini-Livestock 5 (1996): 
10.

14. Dufour DL. “Insects as food: a case study from the northwest Amazon”. American Anthropologist 89.2 (1987): 383-397.

15. Grundy SM. “Influence of stearic acid on cholesterol metabolism relative to other long-chain fatty acids”. American Journal of Clinical 
Nutrition 60.6 (1994): 986S-990S.

16. Nicolosi RJ., et al. “Effects of specific acids (8:0, 14:0, cis-18:1) on plasma lipoproteins, early atherogenic potential, and LDL oxidative 
properties in the hamster”. Journal of Lipid Research 39.10 (1998): 1972-1980.

17. Judd JT., et al. “Dietary cis and trans monounsaturated and saturated FA and plasma lipids and lipoproteins in men”. Lipids 37.2 
(2002): 123-131.

18. Kromhout D., et al. “Dietary saturated and trans-fatty acids and cholesterol and 25-year mortality from coronary heart disease: the 
Seven Countries Study”. Preventive Medicine 24.3 (1995): 308-315.

19. Denke MA. “Role of beef and beef tallow, an enriched source of stearic acid, in a cholesterol-lowering diet”. American Journal of Clini-
cal Nutrition 60.6 (1994): 1044S-1049S.

20. Kramer KG. “Distributions of conjugated linoleic acid (CLA) isomers in tissue lipid classes of pigs fed a commercial CLA mixture de-
termined by gas chromatography and silver ion-high-performance liquid chromatography”. Lipids 33.6 (1998): 549-558.

21. Weber N. “Petroselinic acid from dietary triaylglycerols reduces the concentration of arachidonic acid in tissue lipids of rats”. Journal 
of Nutrition 125.6 (1995): 1563-1568.

22. Hay JD and Morrison WR. “Positional isomers of cis and transmonoenoic fatty acids from ox (steer) perinephric fat”. Lipids 8.2 (1973): 
94-95.

http://www.annualreviews.org/doi/abs/10.1146/annurev.en.25.010180.001521
http://lib3.dss.go.th/fulltext/Journal/J.Sci.Food%20and%20Agri/2005v85/no.11/2005v85no11p1822-1828.pdf
http://lib3.dss.go.th/fulltext/Journal/J.Sci.Food%20and%20Agri/2005v85/no.11/2005v85no11p1822-1828.pdf
http://www.indianjournals.com/ijor.aspx?target=ijor:ajrc&volume=4&issue=3&article=023
http://www.indianjournals.com/ijor.aspx?target=ijor:ajrc&volume=4&issue=3&article=023
https://www.ncbi.nlm.nih.gov/pubmed/4742564
https://www.ncbi.nlm.nih.gov/pubmed/4742564
https://www.ncbi.nlm.nih.gov/pubmed/7977157
https://www.ncbi.nlm.nih.gov/pubmed/7977157
https://www.ncbi.nlm.nih.gov/pubmed/9788243
https://www.ncbi.nlm.nih.gov/pubmed/9788243
https://www.ncbi.nlm.nih.gov/pubmed/11908904
https://www.ncbi.nlm.nih.gov/pubmed/11908904
https://www.ncbi.nlm.nih.gov/pubmed/7644455
https://www.ncbi.nlm.nih.gov/pubmed/7644455
https://www.ncbi.nlm.nih.gov/pubmed/7977148
https://www.ncbi.nlm.nih.gov/pubmed/7977148
https://www.ncbi.nlm.nih.gov/pubmed/9655369
https://www.ncbi.nlm.nih.gov/pubmed/9655369
https://www.ncbi.nlm.nih.gov/pubmed/7782911
https://www.ncbi.nlm.nih.gov/pubmed/7782911
https://www.ncbi.nlm.nih.gov/pubmed/4710385
https://www.ncbi.nlm.nih.gov/pubmed/4710385


137

Studies on the Lipid Composition of Two Types of African Palm Grubs Consumed in Nigeria

Citation: Emmanuel Ilesanmi Adeyeye. “Studies on the Lipid Composition of Two Types of African Palm Grubs Consumed in Nigeria”. 
EC Nutrition 7.3 (2017): 124-138.

23. Abbey M and Nestel PJ. “Plasma cholesteryl ester transfer protein activity is increased when trans-elaidic acid is substituted for cis-
oleic acid in the diet”. Atherosclerosis 106.1 (1994): 99-107. 

24. Enser M. “Fatty acid content and composition of UK beef and lamb muscle in relation to production system and implications for hu-
man nutrition”. Meat Science 49.3 (1998): 329-341. 

25. Ascherio A. “Epidemiologic studies on dietary fats and coronary heart disease”. American Journal of Medicine 113 (2002): 9S-12S.

26. Iso H., et al. “Linoleic acid, other fatty acids, and the risk of Stroke”. Stroke 33.8 (2002): 2086-2093.

27. Kepler CR. “Intermediates and products of the biohydrogenation of linoleic acid by Butyrivibrio fibrisolvens”. Journal of Biological 
Chemistry 241.6 (1966): 1350-1354.

28. West D. “Effects of conjugated linoleic acid on body fat and energy metabolism in the mouse”. American Journal of Physiology 275 
(1998): R667-R672.

29. Barham JB., et al. “Addition of eicosaentanoic acid to γ-linolenic acidsupplemented diets prevents serum arachidonic acid accumula-
tion in humans”. Journal of Nutrition 130.8 (2000): 1925-1931.

30. Fallon S and Enig MG. “Tripping lightly down the prostaglandin pathways”. Price-Pottenger Nutrition Foundation Health Journal 20.3 
(1996): 5-8.

31. Puri BK. “Eicosapentaenoic acid in treatment-resistant depression associated with symptom remission, structural brain changes and 
reduced neuronal phospholipids turnover”. International Journal of Clinical Practice 55.8 (2001): 560-563.

32. Christensen E. “The Zellweger syndrome: deficient chain-shortening of erucic acid [22:1 (n-9)]”. Journal of Animal Science 48 (1988): 
338-347.

33. Sargent JR., et al. “Nervonic acid and demyelinating diseases”. Medical Hypotheses 42.4 (1994): 237-242.

34. Cater NB and Denke MA. “Behenic acid is a cholesterol-raising saturated fatty acid in humans”. American Journal of Clinical Nutrition 
73.1 (2001): 41-44.

35. Honatra G. “Dietary fats and arterial thrombosis”. Haemostasis 2 (1974): 21-52. 

36. Holman RT. “The slow discovery of the importance of omega-3 essential fatty acids in human health”. Journal of Nutrition 128.2 
(1998): 427S-433S.

37. WHO/FAO. “Fats and Oil in Human Nutrition. Report of a Joint Expert Consultation”. FAO Food and Nutrition Paper  WHO/FAO, Rome 
57 (1994): 147.

38. Jones PJ. “Regulation of cholesterol biosynthesis by diet in humans”. American Journal of Clinical Nutrition 66.2 (1997): 438-446.

39. Cranton EM and Frankelton JP. “Free radical pathology in age-associated diseases: treatment with EDTA chelation, nutrition and 
antioxidants”. British Journal of Holistic Medicine 6.1 (1984): 6-37.

40. Engelberg H. “Low serum cholesterol and suicide”. Lancet 339.8795 (1992): 727-729.

41. Bender A. “Meat and meat products bin human nutrition in developing countries”. FAO Nutrition Paper  FAO, Rome 53 (1992): 91.

42. Paul AA and Southgate DAT. “McCance and Widdowson’s the Composition of Foods”. 4th ed. HMSO, London (1978): 418.

43. Mei-Chu H., et al. “Learning behaviour and cerebral protein kinase C, antioxidant status, lipid composition in senescence- accelerated 
mouse: influence of a phosphatidylcholine-vitamin B12 diet”. British Journal of Nutrition 86.2 (2001): 163-171.

https://www.ncbi.nlm.nih.gov/pubmed/8018112
https://www.ncbi.nlm.nih.gov/pubmed/8018112
https://www.csuchico.edu/grassfedbeef/research/documents/sources/lipids/Enser%201998.pdf
https://www.csuchico.edu/grassfedbeef/research/documents/sources/lipids/Enser%201998.pdf
https://www.ncbi.nlm.nih.gov/pubmed/12566133
https://www.ncbi.nlm.nih.gov/pubmed/12154268
http://www.jbc.org/content/241/6/1350.short
http://www.jbc.org/content/241/6/1350.short
https://www.ncbi.nlm.nih.gov/pubmed/9728060
https://www.ncbi.nlm.nih.gov/pubmed/9728060
https://www.ncbi.nlm.nih.gov/pubmed/10917903
https://www.ncbi.nlm.nih.gov/pubmed/10917903
https://www.ncbi.nlm.nih.gov/pubmed/11695079
https://www.ncbi.nlm.nih.gov/pubmed/11695079
https://www.ncbi.nlm.nih.gov/pubmed/8072429
https://www.ncbi.nlm.nih.gov/pubmed/11124748
https://www.ncbi.nlm.nih.gov/pubmed/11124748
http://www.karger.com/Article/PDF/214006
https://www.ncbi.nlm.nih.gov/pubmed/9478042
https://www.ncbi.nlm.nih.gov/pubmed/9478042
https://www.ncbi.nlm.nih.gov/pubmed/7641870
https://www.ncbi.nlm.nih.gov/pubmed/7641870
https://www.ncbi.nlm.nih.gov/pubmed/9250128
https://www.researchgate.net/publication/285915855_Free_radical_pathology_in_age-associated_diseases_Treatment_with_EDTA_chelation_nutrition_and_antioxidants
https://www.researchgate.net/publication/285915855_Free_radical_pathology_in_age-associated_diseases_Treatment_with_EDTA_chelation_nutrition_and_antioxidants
https://www.ncbi.nlm.nih.gov/pubmed/1347593
https://www.ncbi.nlm.nih.gov/pubmed/1300286
https://www.ncbi.nlm.nih.gov/pubmed/11502229
https://www.ncbi.nlm.nih.gov/pubmed/11502229


138

Studies on the Lipid Composition of Two Types of African Palm Grubs Consumed in Nigeria

Citation: Emmanuel Ilesanmi Adeyeye. “Studies on the Lipid Composition of Two Types of African Palm Grubs Consumed in Nigeria”. 
EC Nutrition 7.3 (2017): 124-138.

44. Wang Z. “Gut flora metabolism of phosphatidylcholine promotes cardiovascular disease”. Nature 472.7341 (2011): 57-63.

45. Adeyeye EI and Oyarekua MA. “Lipid profile of the skin and muscle of freshwater sardine (Pellenula afzeliusi) nutritional/dietary 
implications”. Bangladesh Journal of Scientific and Industrial Research 46.4 (2011): 523-532.

46. Jӓger R., et al. “The effect of phosphatidylserine on golf performance”. Journal of the International Society of Sports Nutrition 4 (2007): 
23. 

47. Hoffmann PR., et al. “Interaction between phosphatidylserine and the phosphatidylserine receptor inhibits immune responses in 
vivo”. Journal of Immunology 174.3 (2005):1393 -1404.

Volume 7 Issue 3 March 2017
© All rights reserved by Emmanuel Ilesanmi Adeyeye.

http://www.nature.com/nature/journal/v472/n7341/full/nature09922.html
http://www.banglajol.info/index.php/BJSIR/article/view/9602
http://www.banglajol.info/index.php/BJSIR/article/view/9602
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2217563/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2217563/
https://www.ncbi.nlm.nih.gov/pubmed/15661897
https://www.ncbi.nlm.nih.gov/pubmed/15661897

	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_GoBack

