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ABSTRACT

The serum lipid profiles of rats (Ratius norvegicus) fed with Palm il (PO) and Palm Kernel O1l
(PKO)-containing diets were studied. Phytochemicals detected in the FO included tannins,
flavonoids, saponins, cyanogenic glycosides and fi-carctene while the PRKO contained only tannins,
flavonoids, cardiac glycosides and cyanogenic glycosides. The PO and PKO were acidic; with pH
values of 5.5440.01 and 5.85+0.01, respectively. The PO used was more (p<0.05) rancid and
contained longer mono and polyunsaturated fatty acids than the PKO. Proximate compositions
of the oils showed that they contained high sources of energy. Incorporating the ails at 10 mL
per 100 g feed increased the lipid and energy contents of the feeds. Feeds were administered to the
rats ad Libitum for 35 days. The PO group (POG), PRKO group (PKOG) and Control Group (CGy all
drank distilled water as the only source of fluid. Consumption of the treated feeds reduced (p<0.05)
daly feed intake and improved body weight gained and conversion of feed mass to body mass. The
serum lipid profile of the rats showed that the POG had the highest (p<.05) levels of triacylglycercl
(T and Very Low Density Lipoprotein-cholesterol (VLDL-C). The PKOG had the lowest (p<0.05)
high density Lipoprotein-chloesterol (HDL-C) compared to the CG and POG. It also had the highest.
(p<0.05) Total Cholestercl (TC): HDL-C ratio, low density lipoprotein-cholesterol (L.IDI1.-C)
concentration and LDL-C: HDL-C ratio. While PO encouraged the formation of phospholipids as
seen in the HDL-C, the PKO promoted the biosythensis of cholesterol as seen in the LDL-C. The
study showed that PKO was more atherogenic because it was more saturated and contained fewer
types of antioxidant phytochemicals.
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INTRODUCTION

Palm Oil (PO} is a form of edible vegetable oil that is extracted from the fruit of the tropical palm
tree Klaeis guineensis and has been used as a nutrtious source of il for thousands of years
{Chandrasekharan et al., 2000; Mukherjee and Mitra, 2009). It may have now surpassed soybean
ail as the most widely produced vegetable ail in the world (Chu-Sing, 2006; Mukherjee and Mitra,
2009). Whereas, PO is present in the fleshy mesccarp of palm fruit, Palm Kernel Oil (PKO) is
sourced from the kernel or seed of the fruit. These two oils have different fatty acid compositions
(Chow, 1992; Wardlaw and EKessel, 2002; Hayes and Khosla, 2007). While PO has greater use in
food products, PKO may sometimes be used as the fatty substance in non-dietary coffee creamer,
margarine and livestock feed (Hayes and Khosla, 2007).
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The link between dietary fats, especially edible oils and health (Ye and Kwiterovich, 2000;
Ighosotu and Tonukari, 2010) has necessitated a growing research interest in many valuable oils
{(Kidangbe et al., 2010). For instance, apart from PO, other edible oils such as almond and avacado
oil are good sources of Vitamin A and E (http:/fvitamins lovetoknow.com /Foods_Containing_
Vitamin_K). Canola ail; obtained from rapeseads, flax seed o1l and soyabean il contain high levels
of omega-3 fatty acid which lowers the risk and predisposition te ecardiovascular diseases
{Arterburn et al., 2008). But it has been generally agreed among nutritionist that edible cils such
as coconut and peanut oils should be avieded due to high content of saturated fatty acids (Enig,
1996). Although edible o1l such as PO contains approximately 50% saturated fatty acids (palmitic
acid, stearic acid) with 50% unsaturated fatty acids (oleic acid, linoleic acid), it does not promote
arteriosclerosis and arterial thrombosis (Pereira ef af., 1990; Edem et al., 2002; Jian ef al.,, 1997).
Similarly, PKO 15 composed vertually of esterified saturated fatty acid (appreximately 80%) and
there are contradictory research finding on the health implications as a result of the consumption
of PRKO and PO (Hornstra, 1990; Jian et al., 1997, Vessby, 1994; Edem et al., 2002; Steinberg,
2006; Adam et al., 2008; Mukherjee and Mitra, 2009).

Previous reports have shown that different class of dietary lipids may promote beneficial or
detrimental health conditions (Poveda et al., 2005; Adam et al., 2008; Mukherjee and Mitra, 2009)
by their capacity to alter blood lipid profile. Therefore, measurement of blood lipid profile serves as
readily available and reliable diagnostic parameter for establishing either condition. In the current
study, we measured the effects of PO and PKO-containing diet on serum Total Cholestercl (TC),
High Density Lipoprotein-Cholesterol (HDL-C), low density lipoprotein-cholesterol (LDIL-C),
triglycerides (TG ) and Very Low Density Lipoprotein-Cholesterol (VLDL-C) concentrations in
weanling male albine rats (Rattus norvegicus).

MATERIALS AND METHODS

Sources of palm oil and palm kernel oil: Fresh PO samples were purchased from Nkwo-Ukwu
Market, Thiagwa, Nigeria while refined FKO samples were products of Camela Vegetable (il
Limited, Irete, Nigeria.

Analyses of palm oil and palm kernel oil: Hydrogen ion (H") concentration was measured with
pH meter (Hanna pH/EC/TDS/Temp Meter wipH Electrode Diagnoestic Hi 9813-6 716815).
Determinations of Acid Value, lodine Value and Sapenification Number were by standard method
of analyses AOAC (1990). Phytochemical screening was carried out for the presence of tannins,
flavonoids, saponins, alkaliods, cardiac and cyanogenic glycosides as described by Ayoola ef al.
{2008a,b). The presence of f-carotene was detected by the method of Evans (2003).

Proximate analyses of diet: Proximate analyses of the PO and PKO samples for crude fibre, ash
and moisture by oven assay, lipid by soxhlet and protein were performed according to AOAC (1990)
procedures. The level of carbohydrate was obtained by the difference method. The energy value
of the diet was evaluated according to Edem et al. (1990). The proximate composition of the feed
was as stated by the manufacturer while those of the treated feeds were calculated by adding the
respective proximate compositions of the weights of cils used {10 mL 100 g feed), calculated using
the density of PO as 0.89 g em ® and that of PEO as 0.952 g em ® to that of the feed. Energy values
(kecal/100 g) were calculated by summing the values of protein and carbohydrate which were
multiplied by 4 and that of lipid which was multiplied by 9.
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Experimental animals: Twenty-four healthy and mature male white albino rats (200-250 g)
were obtained from the Animal Umt, Department of Biochemstry, University of Port Harcourt, Port
Harcourt, Nigeria. The rats were individually housed in stainless steel cages at about 24°C and a
12 h light cycle.

Animal feeding and experimental design: Whereas, test diets were formulated by mixing
separately 10 mL of PO and PKKO with 100 g of rat mash, the contrel diet was the mash only. The
rats (n = 24) of were allowed to acclimatize for four days prior to diet treatment. They were
randomly divided into three groups (n = 8 ratsfgroup). The diet groups included the control (C(G),
palm oil (FOG) and Palm Kernel Oil Groups (PEKCOG). Distilled water was the only source of fluid.
Fluid and feeds were provided ad libitum for the duration of the study (35 days). At the end of the
study, each rat was re-weighed before being anaesthetized with chloroform vapour. Daily weight
gained, total feeds consumed were estimated and daily feed intakes were calculated. Feed

Conversion Ratio (FCR) was calculated as a ratio of daily feed intake to weight gained.

Collection of blood sample and serum preparation: Incisions were made into their thoracic
cavities. Blood samples were collected by heart aorta puncture using a 10 mL hypodermic syringe
and allowed to clot in sample vials. The samples were centrifuged at 2000 rpm for 5 min using the
B. Bran Scientific and Instrument Company, England, centrifuge. The supernatant was harvested

by simple aspiration with Pasteur pipette and stored in clean tube at -4°C until analysis.

Serum lipid profile: Diagonistic kits for the lipid profile (with the exception of very low density
lipoprotein-cholesterol, VLDL-C) were purchased from BioSystems® (S.A Costa Brava of Barcelona,
Spain). The assays were performed according to the manufacturer’s instruction. VLDL-C
concentrations were estimated using the methods of Burnstein and Sammaille (1960) where the
value in mg dL 7! is based on the assumption that in fasting subjects, the VLDL-C to total plasma
TG ratio 1s relatively fixed at 1:5.

Statistical analysis: The data were analyzed by the use of the students’ t-test of significance and
the one-way analysis of variance (ANOVA), Mean p<0.05 was considered significant.

RESULTS

Phytochemical analyses indicated the presence of phytochemicals in PO except cardiac
glycosides. PKO was devoid of saponin and B-carotene. Both oils contained tannins, flavoniods and
cyanogenic glycosides (Table 1),

Table 1: Phytochemical contents of PO and PKO

Parameters PO PEO
Tarming +
Flavoniods

Cardiac glycosides
Saponins
Cyanogenic glycosides + +

-Carotene

+: Present, -: Absent
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Tahle 2: pH values of PO and PKO

Samples pH
PO 5.54+0.01
PEO 5.85+0.01

The values are means () £5D of three (n = 3) replicates

Table 3: Physiochemical properties of PO and PKO

Parameters PO PEO

Acid value (mgKOH/g fat) 108.0040.042 76.80+0.020
Saponification number (mgKOH/g fat) 188.27+0.03° 204.53+0.04°
Todine value (g/100 g fat) 81.22+0.03 40.32+0.02¢

The values are means (X) £5.D of three (n = 3) replicates. Means in the rows with the same letter are not significantly different at
p>0.05

Table 4: Proximate composition of oils, mash and treated mash

Parameters PO{100g 10mLPO'(85¢g PKO (100g 10mLPRO!(9.52g) Mash(%)* POM (108.9g) PKOM (10052¢g)
Moisture 000.89+0.05° 00.08 000.44:£0.03 00.04 002.31 002.39 002.35
Ash 000.06+0.032 00.01 000.14:£0.04° 00.01 006.08 006.09 006.09
Protein 002.71+0.05° 00.24 000.91+1.27° 00.09 013.32 013.56 013.41
Lipid 094,980,072 08.45 096.834£0.13 09.22 006.58 015.03 015.80
Carbohydrate 001.38+0.022 00.12 0016940, 15 00.16 071.71 071.83 071.87
Energy value (Keal) 871.18£000 77.49 881.87£000 83.98 399.34 476.83 483.32

Means with standard deviations are for values of triplicate determinations. % Based on density of PO: 0.89 g em™;

PKQ: 0.952 g em™?. *: Manufacturer’s value, POM: Palm Qil Treated Mash; PKOM: Palm Kernel Qil Treated mash, Means in the rows
with the same superscript letter are not significantly different at p>0.05

The pH values presented in Table 2 showed that PO and PKO exhibited wealk acidic property.
Although, PO was more acidic than PEO, there was no significant difference (p>0.05) between the
levels of acidity. Table 3 showed that the acid and iodine values of PO were significantly
(p<0.05) higher than PKO, whereas the saponification value of PKO was significantly (p<0.05)
higher than PO,

Table 4 showed that the moisture contents of PO, 10 mL PO, PKO, 10 mL PKO, POM and
PROM were 0.89, 0.08, 0.44, 0.04, 2.31, 2.39 and 2.35%, respectively. Their ash contents were 0.06,
0.01, 0.14, 0.01, 6.08, 6.09 and 6.09%, respectively. Their protein contents were 2.71, 0.24, 0.91,
0.09, 13.32, 13.58 and 13.41%, respectively. The lipid contents were 94.98, 845, 96.83, 9.22, 6.58,
15.03 and 15.80%, respectively. The carbohydrate contents were 1.28, 0,12, 1.69, 0.16, 71.71, 71.83
and 71.87%, respectively and their energy values were 871.18, 77.49, 881.87, 83.98, 399.34, 476.83
and 483.32 keal/100 g, respectively. It showed that the lipid and energy contents of the feeds were
significantly increased (p<0.05) when the oils were, respectively added to the feed.

Table 5 showed that the daily weight gained by the CG, POG and PKOG rats were 1,56, 1.50
and 1.67 g, respectively. Their daily feed intakes were 10.97, 7.58 and 8.3 g, respectively. Their
FCRs were 7.03, 5.05 and 4.81, respectively. While the daily weight gained by rats in PKOG were
significantly increased (p<0.05), those in POG were reduced (p<0.05). Their feed intakes and FCR
were however significantly (p<0.05) reduced when PO and PEKO were, respectively added to the
feed.

Table 6 showed that PO and PKO-containing diets did not cause significant (p>0.05) increase
in serum TC levels. Compared with C(3, the increase in serum TC level represented 2.90 and 3.71%
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Tahle 5: Effect of treated diets daily weight gained, daily feed intakes and Feed Conversion Ratios (FCR)

Diet Daily weight gained (g) Daily feed intakes (g) Feed conversion ratios (FCR's)
cG 1.56+0.00¢ 10.97+1.77= 7.03
POG 1.50+0.02* T7.58+0.22 5.05
PEKOG 1.67+0.03° 8.03+0.28° 4.81

The values are means (X)=SD of eight. (n = 8) replicates. Means in the column with the same letter are not significantly different at p=0.05

Table 6: Serum lipid profile

Group values

CcG POG PEOG
Parameter (mg dL. ™)
TC 100.00+£9.067 102.90+2.63% 103.71+5.23°
TG 53.84+11.542 76.79+11.58° 56.744+12.68
VLDL-C 10.77+£1.782 15.36+1.92° 11.35+3.50°
HDL-C 60.37+0.72% 57.75+0.01° 49.15+0.01°
Ratio; TC: HDL-C 1.66 1.78 211
LDL-C 63.88+2.782 63.90+2.782 77.70+0.01°
Ratio; LDL-C: HDL-C 1.06 1.11 1.58

The values are means (X) +SD of eight (n = 8) replicates. Means in the rows with the same letter are not significantly different at p=0.05

in POG and PROG, respectively. Although, serum levels of TG were raised in POG and PROG,
PEO-containing diet did not elicit significant (p>0.05) increase in serum TG conecentration. PKOG
showed marginal increase in serum VLDL -C level, whereas the rats fed with FO-containing diet
presented significant (p<0.05) raised serum VLDL -C level. The CG exhibited comparative high
serum HDL-C level. However, the two test groups showed progressive decreasing HDL-C levels in
the order: PKOG<POG. Serum LDL-C level in CG was not significantly different (p>0.05) from
POG. Raised level of LDL-C in PKOG was equivalent to 21.63% of CG serum LDL-C level. The
ratios of TC: HDL-C and LDL-C: HDL-C in the three groups of rats were in the increasing order
of CG>POG>PROG. Furthermore, TC: HDL-C>LDL-C: HDL-C.

DISCUSSION

Phytochemical analysis showed that PO contained more types of antioxidants than the PKO
{Table 1), though they were of comparable acidity (Table 2). Owu ef al. (1998) also reported that
oils from plants were acidic. Analysis alse showed that the FO used was more rancid, contained
longer chain mono- and polyunsaturated fatty acids (Table 3). Wardlaw and Kessel (2002) also
reported that PO contained more unsaturated fatty acids than PKO,

When the respective oils were added to the feeds (Table 4), they caused more than two fold
increase in the lipid contents; leading to between 19.40 to 20.03% increases in the energy contents
{Table 4). This showed that the oils were concentrated sources of energy. This corroborated the
findings of Edem and Akpanabiatu (2006). However, PKO seemed to have increased the energy
content. of the feed contrary to the report of Wardlaw and Kessel (2002). Incorporation of the oils
into the feeds reduced significantly (p<0.05) the daily feed intake of the test rats (Table 5). This
supported the findings of Church and FPond (1988) who reported that when the energy contents
of diets were increased, feed consumption decreased. Table 5 also showed that while PKO caused
more (p<0.05) daily body weight gained, PO inexplicably caused a lower (p<0.05) body weight gain
than even the control rats. The reduction in daily feed intakes caused areduction in the FCR
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values. This showed that the oils improved the rats’ efficiency in feed utilization, for instance, their
ability to convert feed mass to body mass. This implied that more of the total feed consumed was
used for gain and less for maintenance.

Incorporation of PO significantly (p<0.05) increased the serum TG and VLDL-C of the rats
(Table 6). However, both PO and PEO reduced (p<0.05) the serum HDL-C concentrations in the
rats; with PKO effecting the greater (p<0.05) reduction. PKO also increased the serum TC: HDL-C
ratio, LDL-C and LDL-C: HDL-C ratio, indicating that it promoted the formation of more cholesterol
than phospholipids. HDL-C contains more phospholipids than chelesterol while LDL-C contains
more cholesterol than phosphelipids (Nelson and Cox, 2000; Glew, 2006). These results may
indicate that PKO could promote the formation of gallstones; sinece it engendered the formation of
more cholesterol and less phospholipids. Glew (2006) also reported that phospholipids; especially
phosphatidylcholine, had detergent properties in bile and aided in sclubilizing cholesterol.

The weight gained by the test rats (Table 5) may have been due to the deposition of more fat
than lean muscle mass as the cils caused between 37.69 to 45.55 percent increases in the serum
lipid levels of the test rats (Table 6). The seeming non-atherogenic nature of PO may have been due
to its greater array of antioxidants (Table 1) and its greater contents of long chained mono-and
polyunsaturated fatty acids (T able 3). Saponins and ff-carotene are antioxidants and unsaturated
fatty acids are fluid at room temperatures. Pantazari and Ahmad (2004) reported that endogenous
cholesterol levels were reduced by PO due to its known tocotriencl contents and the peculiar somatic
position of its fatty acids.

In conclusion, present study showed that PIKO was more atherogenic because it contained more
short chained saturated fatty acids and fewer types of antioxidant phytochemicals.

REFERENCES

AOQAC,, 1990. Official Methods of Analysis. 14th Edn., Association of Official Analytical Chemists,
Washington, DC.

Adam, 5. K., LN. Soelaiman, N.A. Umar, N. Mokhtar, N. Mohamed and K. Jaarin, 2008. Effects of
repeatedly heated palm oil on serum lipid profile, lipid peroxidation and homocysteine levels in
a post-menopausal rat model. Megill J. Med., 11: 145-151.

Arterburn, L.M., H A, Oken, H.E. Bailey, J. Hamersley, C.N. Kuratko and J.P. Hoffman, 2008,
Algal-ail capsules and cocked salmon: Nutritionally equivalent sources of docosahexaenoic acid.
J. Amer. Dietetic Assoc., 108: 1204-1209.

Ayoola, G.A., 5.5 Ipav, M.O. Sofidiya, A. Aderonke, A. Bello, HA.B. Coker and T.O. Odughemi,
2008a. Flaxseed and cardiovascular risk factors: Results from a double blind, randomized,
contrelled clinical trial. J. Amer. College Nut., 27: 65-74.

Avoola, GA., 5.8, Ipav, M.O. Sofidiya, A. Aderonke, A. Bello, HA.B. Coker and T.O. Odugbemi,
2008h. Phytochemical screening and free radical scavenging activities of the fruits and leaves
of Allanblackia flortbunda Oliv. (Guttiferae). Int. J. Health Res., 1: 87-93.

Burnstein, MA. and J. Sammaille, 1960. A rapid determination of cholesteral bound to A and
B-lipoprotein. Clin. Chemical Acta, 5: 601-609,

Chandrasekharan, N., K. Sundram and Y. Basiron, 2000. Changing nutritional and health
perspectives on palm cil. Brunei. Int. Med. J., 2: 417-427.

Chow, CIK., 1992, Fatty acids in foods and their health implications. Marcel Dekker Inc.,
New York, pp: 237-262.

51



Asian J. Biochem., 7 (1) 46-53, 2012

Chu-Sing, K., 2006. Comments on draft document: Diet, nutrition and the prevention of chronic
diseases. http:///www.who.int/dietphysicalactivity/media/en/gsfac_cmo_088.pdf.

Church, D.C. and W.(G. Pond, 1988. Basic Animal Nutrition and Feeding. 3rd Ed., John Wiley and
Sons, Inc., New York, pp: 121-139.

Edem, D.O., C.L. Amugo and O.U, Eka, 1990. Chemical composition of African yam beans. J. Trop.
Sei., 30: b9-63.

Edem, D.O., O.U. Eka and I.B. Umch, 2002. Feeding of red palm ail-supplemented diets to rats may
impact positively on vitamin A status. Int. J. Food Sci. Nutr., 53: 285-291,

Edem, D.O. and M.I. Akpanabiatu, 2008. Effects of palm oil-containing diets on enzyme activities
of rats. Pak. J. Nutr., b: 301-305.

Fidangbe, G.O., G.C. Ojieh, B.O. Idonije and O.M. Oluba, 2010. Palm o1l and egusi melon o1l lower
serum and liver lipid profile and improve antioxidant activity in rats fed a high fat diet. J. Food
Technol., 8: 154-158.

Enig, M.G., 1996. Health and nutritional benefits from coconut cil: An important functional food
for the 21st century. Paper presented in the seminar AVOC Laurie Oils Symposium in Ho Chi
Min City, Vietnam.

Evans, W.C., 2003, Trease and KEvans FPharmacognoesy. 15th KEdn., Saunders, China,
pp: B85H.

Glew, R.H., 2006, Lipid Metabolism II: Pathways of Metabolism of Special Lipids. In: Texthook of
Biochemistry with Clinical Correlations, Devlin, T.M. (Ed.). 6th Edn., Wiley Liss, New Jersey,
Pp: 695-741.

Hayes, K.C. and P. Khosla, 2007. The complex interplay of palm ail fatty acids on blood lipids.
Eur. J. Lipid Seci. Technol., 109: 453-464,

Hornstra, (., 1990. Effects of Dietary Lipids on Some Aspects of the Cardiovascular Risk Profile.
In: Lapids and Health: Proceedings of the 2nd European Symposium on Lipids and Health:
Lipids and Cancer, Lipids and Cardiovascular Diseases, Ziant, J. (Ed.). Excerpta Medica,
Netherlands.

Ighosotu, 5. and N.J. Tonukari, 2010. The influence of dietary intake on the serum lipid profile,
body mass index and risk of cardiovascular diseases in adults on the Niger Delta region. Int.
J. Nutr. Metabolism, 2: 40-44.

Jian, 7., P. Wang, C. Wang, X.5. Chen and K. Ge, 1997. Non hypercholesterclemic effects of a palm
oil diet in Chinese adults. J. Nutr., 127: 509-513.

Mukherjee, 5. and A. Mitra, 2009. Health effects of palm oil. J. Human Eeol., 26: 197-203.

Nelson, D.L. and M.M. Cox, 2000. Lehninger Principles of Biochemistry. 3rd Edn., Macmillan,
Worth Publishers, Londen, New York.

Owu, DU, K.E. Osim and P.E. Ebong, 1998, Serum liver enzymes profile of Wistar rats following
chronic consumption of fresh or oxidized palm ail diets. Act. Trop., 69: 65-73.

Pantazari, T.P. and M.J. Ahmad, 2004, Palm kernel cil. Palm Oil Processing Technology Report,
Research Institute of Malaysia, pp: 220.

Pereira, T.A., K. Sinniah and N.P. Das, 1990. Effect of dietary palm il on lipoprotein lipases:
Lipoprotein levels and tissue lipids in rat. Biochem. Med. Metabolic Biol., 44: 207-217.

Poveda, K., P. Ayala, R. Milena, K. Ordonez, C. Baracaldo, W. Delgado and M. Guerra, 2005,
Effects of vegetal o1l supplementation on the lipid profile of Wistar rats. Biomedica, 25: 101-109,

52



Asian J. Biochem., 7 (1) 46-53, 2012

Steinberg, D., 2006, Thematic review series: The pathogenesis of atherosclerosis. An interpretive
history of the chelestercl controversy, part V: The discovery of the statins and the end of the
controversy. J. Lapid Res., 47: 1339-1351.

Vessby, B., 1994, Implications of long-chain fatty acid studies. Inform, B: 182-185.

Wardlaw, G.M. and M. Kessel, 2002, Perspective in Nutrition. 5th Edn., McGraw Hill, New York,
pp: 418-461.

Ye, 5.Q. and P.O. Kwiterovich Jr., 2000. Influence of genetic polymorphisms on responsiveness to
dietary fat and cholesterol. Am. J. Clin. Nutr., 72: 1275-1285,

53



	Asian Journal of Biochemistry.pdf
	Page 1


