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Abstract

This study evaluated the effects of dietary red palm oil (RPO) supplementation on the body
weights, packed cell volume and serum lipid profile of broilers chicks. Ninety-day old chicks were
used for the study. They were acclimatized for one week and randomly assigned to three groups (A,
B and C) of thirty birds each, with three replicates of ten birds in each group. The diets of Group A
and B chicks were supplemented with 4% and 2% RPO, respectively, while that of Group C was not
supplemented (Unsupplemented Control). The chicks were fed their group specific diets for five
weeks. The birds were weighed at the beginning of the study and weekly for the five weeks. At the
fourth week, blood samples were collected and packed cell volume (PCV) was determined. At week
five, blood samples were also collected for both PCV and serum lipid profile determination. Results
showed that there were no significant differences (p > 0.05) between the groups in their body
weights, PCV and low density lipoproteins, but the serum triglyceride, total cholesterol, high
density lipoprotein (HDL) and very low density lipoproteins (VLDL) of the Groups A chicks fed diet
supplemented with 4% RPO was significantly (p < 0.05) higher than that of the unsupplemented
control, while only the serum triglyceride and total cholesterol levels of the Group B chicks (fed diet
supplemented with 2% RPO) was significantly (p < 0.05) higher than that of the unsupplemented
control. It was concluded that supplementation of the diet of broiler chicks with RPO, as used in the
study, led to no significant effects on their body weights, PCV and serum LDL levels, but led to
significantly higher serum levels of triglycerides, total cholesterol, HDL and VLDL, especially at 4%
level of dietary supplementation.
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Introduction

Agriculture is one of the pillars of the Nigerian
economy; it impacts on economic development,
poverty alleviation, employment and income
generation (Philip et al., 2009). Livestock
production constitutes a major part of the
agricultural economy of Nigeria. Poultry, which
is a sub-sector of the livestock industry, includes
the rearing of chickens, turkeys, ducks, quails,
peafowls and guinea fowls. Chicken alone
constitutes as much as 95% of all poultry kept on
the planet (Kalla et al., 2007).

Poultry has been reported to have the highest
feed conversion rate/efficiency and offers a very
high turnover rate and quickest returns on
investment over other livestock enterprises
(Sanni and Ogundipe, 2005). It produces the
least expensive and best source of animal
protein relative to other animal source foods. In
broiler production, feed represents a major
proportion of production costs (Brockotter,
2022), with grains like maize, wheat, barley,
millet and guinea corn forming the major
sources of energy (Van der Klis et al., 2010).
However, there is a current shift towards
inclusions of dietary fats as high energy
component of diet. Dietary fats are economical,
readily available and are either of animal or
vegetable sources (as by-products from oil seed
processing). Inclusion of dietary fats like red
palm oil and other seed oils in poultry diets
potentially offers many benefits such as its high
energy content, source of essential fatty acids
(n-3 and n-6), source of fat soluble vitamins and
lecithin among others (Baiao and Lara, 2005;
Fagarasan et al., 2010).

Chicken meat has a high protein and low fat
content and is known as the principal source of
polyunsaturated fatty acids (PUFA) with high
concentration of omega-3 PUFA (Howe et al.,
2006). Chicken has been considered an
appropriate model in lipid nutrition studies,
since it is highly sensitive to dietary fat
modifications, and many of the studies done
with chickens deal with the degree of saturation
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or source type of the dietary replaced fat and
how it influences the performance and carcass
quality improvement of the animal (Rymer and
Givens, 2005).

Red palm oil, obtained from the fruit of the oil
palm tree, is the most widely produced edible
vegetable oil in the world; it's nutritional and
health attributes have been well documented
(Chandrasekharan et al., 2000). It is a low cost
and readily available source of vitamin A and
beta-carotene, and reports have shown that 70
— 88% of its beta-carotene content is retained
during cooking (Manorama and Rukmini, 1991).
Red palm oil is rich in the saturated fatty acid,
palmitic acid, the content of which is about 45%
of the total fatty acids. The use of red palm oil in
broiler diets is potentially attractive because it is
a saturated source that may be associated with
a positive influence on meat firmness (Renner
and Hill, 1991). It is relatively of low cost
compared to other imported fats and it
possesses many good qualities including more
vitamin E (antioxidant) content, which makes it
more stable (Pesti et al., 2002). Red palm oil has
been used in food preparation for over 5,000
years.

In 2012, the World Health Organization (WHO),
listed ischaemic cardiovascular disease as one of
the leading cause of death worldwide (WHO,
2012).  Excessive  saturated fatty acid
consumption has been posited as being
responsible  for  hypercholesterolemia, a
condition that predisposes to a higher
cardiovascular disease risk (Tierney, et al., 2010).
Red palm oil, however, contains oleic and
linoleic acids which are unsaturated fatty acids
and also Vitamin E tocotrienols that are
powerful anti-oxidants. A study on the effects of
palm oil consumption on serum lipid profile and
the heart of humans showed that red palm oil
consumed as dietary fat as part of a healthy
balanced diet, does not pose any risk of
cardiovascular disease (Odia et al., 2015). Also, it
has been reported that no other vegetable oil
has as much Vitamin E as red palm oil (Chow,
1992).
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Information on the potential implication of palm
oil consumption on the growth performance and
serum lipid profile of animals is scarce. The
present study investigated the effects of dietary
red palm oil supplementation on the body
weights, packed cell volume and serum lipid
profile of broilers chicks.

Materials and Methods

Study Area, Animals and Sampling: This study
was carried out in the Poultry Unit of the
Department of Animal Health and Production,
Faculty of Veterinary Medicine, University of
Nigeria Nsukka. A total of 90 broiler chicks
(Ross breed) with average initial body weight
ranging from 43 to 44 g were procured for the
study from Agrited® Farm, Ibadan, Nigeria.
They were housed in brooding pens, supplied
with fresh water and feed ad libitum. The
chicks were allowed to acclimatize for one
week prior to the start of the experiment.
They were then randomly allocated into 3
groups (A, B and C) of 30 birds per group. The
groups were further subdivided into three
replicates of 10 birds each. All standard
management broiler
production including
vaccination against endemic poultry diseases.

procedures for

were followed

Experimental Diets: Seventy-five kilogramme
of broiler super starter mash (Top Feeds Ltd.,
Sapele, Nigeria) with 24% crude protein, 6.0%
crude fat, 5.0% crude fibre, 1.0% calcium,
0.45% phosphorus, 1.20% lysine, 0.3% salt,
0.35% methionine, 2900 metabolizable
energy, was used for the study. This quantity
was divided into three parts labeled A, B and C
of 25 kg each and supplemented with 4%, 2%,
and 0% red palm oil, respectively. Group A, B
and C were fed diets A, B and C with 4%, 2%
and 0% red palm oil inclusion, respectively.
The birds were fed ad libitum and the
experiment lasted for five weeks.

Vaccination and health management: The
birds were given the routine vaccination
against Newcastle and Gumboro disease and
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an  Anti-stress  preparation  containing
multivitamins (Adaminolyte WSP by Kepro B.
V, Holland) administered for five days post
vaccination. The birds were prophylactically
treated with a coccidiostat, which contained
sulphadimidine, diaveridine, vitamin A and
vitamin K. Strict biosecurity measures were
also implemented in the course of raising the
birds.

Ethics: The study protocol was guided and
approved by the Institutional Animal Care and
Use Committee of the Faculty of Veterinary
Medicine, University of Nigeria Nsukka
(Approval Reference Number: FVM-UNN-
IACUC-2019-08/59), and the animals were well
cared for and humanely handled all through
the study.

Experimental Design: After acclimatization,
the chicks were weighed and feeding of the
group-specific experimental diets commenced.
The chicks were afterwards weighed at weekly
intervals till the end of the five week
experimental period. At week 2 and 4 of the
experiment, blood samples were collected for
the determination of packed cell volume, and
at the end of the experiment (week 5), blood
samples were also collected, from which
serum was harvested for the evaluation of the
serum lipid profile.

Body Weight Measurement: Body weights
were measured at the beginning of the
experiment and afterwards at weekly intervals
for the five weeks duration of the study, using
a digital weighing balance (Metlar digital
balance, Metlar Resources Company, London).
Nine chicks from each group (three from each
replicate) were weighed each time.

Determination of Packed Cell Volume (PCV):
The packed cell volume was determined by
the microhaematocrit method (Schalm et al.,
1975). Three birds were selected per replicate
and 1 ml of blood was collected from the
jugular vein. Two third of capillary tubes were
filled with the anti-coagulated blood samples
and one end sealed with plasticine. The filled
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tubes were centrifuged at 10,000 revolutions
per minute for five minutes using a
microhaematocrit  centrifuge  (Hawksley,
England). Then the PCV was read using a
microhaematocrit reader. The group means
and standard error were calculated.

Assay of the Serum Lipid Profile: Serum total
cholesterol levels were determined using the
colorimetric method (Allain et al., 1974), using
Biosystems Reagent test kits (Elabscience,
USA), while serum triglyceride levels was
determined using the method described by
Bucolo and David (1973). Serum low density
lipoprotein (LDL) cholesterol concentration
was determined by the method described by
Assmann et al. (1984). The high density
lipoprotein (HDL) concentration was
calculated by subtracting the values of low
density lipoprotein cholesterol (LDL) from that
of the total cholesterol. The very low density
lipoprotein (VLDL) cholesterol was calculated
by dividing the value of triglyceride by 5.

Statistical Analysis: Data obtained was
statistically analyzed using one way analysis of
variance (ANOVA). Variant means were

compared using Duncan’s new multiple range
test (Steel and Torrie, 1960). Significance was
accepted at probability values < 0.05, and the
summary of the results were presented as
means with standard error.

Results

There significant (p > 0.05)
differences between the mean body weights
of the broiler chicks in the three groups all
through the five-week experimental period,
though the mean body weight of the
unsupplemented control group was relatively
higher than those of the two supplemented
groups from week 3 of the experiment to the
end (Table 1). There were also no significant (p
> 0.05) differences in the mean packed cell
volume of the different groups on both week 4
and week 5 (Table 2).

were no

The serum triglyceride levels of the Group A
(supplemented with 4% red palm oil) was
significantly (p < 0.05) higher than those of the
Groups B and C, while the serum total
cholesterol levels of both supplemented
groups (Groups A and B) were significantly (p <
0.05) higher than that of the unsupplemented
control group C (Table 3). The serum HDL
levels of the Group A chicks were significantly
(p < 0.05) higher than those of the Groups B
and C, but there were no significant (p > 0.05)
differences between the groups in their serum
LDL levels (Table 3).The serum VLDL levels of
the Group A chicks was significantly (p < 0.05)
higher than that of the unsupplemented
control (Table 3).

Table 1. Body weights of broiler chicks fed diets supplemented with varied percentages of red palm

oil.

Mean body weight (g) £ standard error

Experimental

Group A
period (weeks)

(Supplemented with
4% Red Palm Qil)

Week 1 92.10+2.51°

Week 2 211.84+18.50°
Week 3 429.00 +£42.19°
Week 4 558.80 + 62.88 °
Week 5 711.12+72.69°

Group B Group C
(Supplemented with (Unsupplemented
2% Red Palm Qil) Control)
85.76 +2.38° 88.42+6.04°
198.06+11.37% 202.58 +19.05°
474.40 +35.68° 500.00 +20.94 °

637.20+44.17°

742.22 £30.04°

703.92 +28.26°

781.26 +36.24°

No significant variations between the groups, p > 0.05
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Table 2. Packed cell volumes of broiler chicks fed diets supplemented with varied percentages of

red palm oil.

Means of packed cell volume (%) £ standard error

Experimental

Group A
period (weeks)

(Supplemented with

4% Red Palm Oil)
Week 4 29.40+0.87°

Week 5 27.20+0.86°

Group B Group C
(Supplemented with (Unsupplemented
% Red Palm Qil) Control)
32.00+0.84° 31.20+1.02°
31.80+2.11° 31.00 +1.22°

No significant variation between the groups p > 0.05

Table 3. Serum lipid profile of broiler chicks fed diets supplemented with varied percentages of red

Means of serum lipid profile parameters (mg/dl) * standard error

palm oil.
Serum.Lipid Group A
Profile (Supplemented with
parameters 4% Red Palm Oil)
Triglyceride 60.25+2.24°

Total Cholesterol 152.32+8.73°

High Density 51.29+5.88°
Lipoprotein
Low Density 88.6+2.3°
Lipoprotein

Very Low Density 7.23+0.25°

Lipoprotein

Group B Group C
Supplemented with (Unsupplemented
(Supp pp
2% Red Palm Qil) Control)
49.20+2.05" 46.03+1.83°
150.00 + 17.42 ® 97.67 +8.05°
36.37.40£5.89° 34.95 +4.74"
96.90 + 6.00 ° 90.50 +0.20°
5.91+0.25% 5.52+0.22°

Different superscripts in a row indicate significant difference between the means at p < 0.05

Discussion

The result of this study showed that red palm
oil supplementation in the diets of the broiler
chicks did not significantly affect their body
weights; rather the unsupplemented control
had a relatively higher body weight later in the
experiment. This might be as a result of a
decrease in the feed intake which may have
been associated with the red palm oil
supplementation, as reports have
shown that red palm oil supplementation
leads to increased heat generation in the diet
and consequently reduced feed intake, poor
feed conversion efficiency and poor growth

earlier

371

(Alverdy and Luo, 2017). The reports of
Saminathan et al (2022) are in contrast with
the findings in this present study, as they
reported a higher productive performance in
the palm oil supplemented broiler chicks.

The findings in the present study that the
packed cell volume (PCV) of both the
supplemented and control groups were
comparable (p > 0.05) implies that palm oil
supplementation as used in this study did not
significantly affect red blood cell production or
destruction, and is in agreement with the
reports by Onibi et al. (2011) that
haematological variables were not significantly
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affected by palm oil sludge supplementation.

The significantly higher levels of
triglyceride in the group fed 4% red palm oil
supplement (Group A) in believed to be a
result of the dietary supplementation, as it has
been reported that high blood levels of
triglyceride can be of dietary origin (Yuan et al,
2007; Packard et al, 2020).The finding in this
present study of high serum levels of
triglyceride in the group given feed with 4%
red palm oil supplement contrasts with the
earlier reports by Egba et al. (2011) in rats
given palm oil supplements in which
comparable values for both control and
supplemented groups was recorded. However,
the findings in the current study are in
agreement with the reports of Gheisari et al.
(2017) on broilers fed diets supplemented
with lecithinized palm oil.

serum

The significantly higher serum level of
cholesterol in the two palm oil supplemented
groups in this present study when compared
to the unsupplemented control is believed to
be of dietary origin, as earlier studies have
shown that dietary fats and oils can lead to
high blood cholesterol (Grundy and Vega,
1990). This finding concurs with the reports of
Onibi et al. (2011) on broilers fed diets
supplemented with palm oil sludge and that of
Khatun et al. (2017) on broilers fed diets
supplemented with 6% palm oil. Furthermore,
the significantly higher level of high density
lipoprotein (HDL) concentrations recorded in
the group A broilers fed diets supplemented
with 4% red palm oil concurs with earlier
reports by Egba et al. (2011) in albino rats fed
diets supplemented with palm oil oleins and
that of Baldizan et al. (2011) on broilers fed
peach palm oil supplement.

The significantly higher levels of HDL
cholesterol in the broilers supplemented with
4% red palm oil is considered a positive
development, because HDL is regarded as the
good cholesterol (Regar et al., 2019). HDL
cholesterol maintains the balance of other
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cholesterol components including the LDL, so
that they do not accumulate in the cells and
tissues. The function of HDL is to carry the
remaining cholesterol which is not being used
to the liver where the cholesterol will be used
as a precursor in the formation of bile salts
and steroid hormones while the left over is
now excreted (Hassanudin et al., 2013).

The finding in this present study that
supplementation with red palm oil did not
lead to any significant effects on the serum
levels of LDL is considered a good
development too, as high serum LDL levels are
usually associated with atherosclerotic disease
(Penson et al., 2020). This finding of no
significant differences in serum LDL levels of
both supplemented and unsupplemented
groups is in agreement with earlier reports by
Baldizan et al. (2011) on broilers fed peach
palm oil supplements, but contrasts with the
reports of Khatun et al. (2017) who reported
high serum LDL levels in broilers fed diets
supplemented with 6% palm oil.

The significantly higher serum levels of very
low density lipoprotein (VLDL) in the group
supplemented with 4% red palm oil when
compared to the unsupplemented control is in
agreement with the reports by Gheisari et al.
(2017) on broilers fed dietary lecithinized palm
oil, but contrasts with the reports by Baldizan
et al. (2011) on broilers fed peach palm oil
supplements.

Conclusion: Based on the results of the study,
it was concluded that supplementation of
diets of broiler chicks with palm oil at the
levels used in this study (4% and 2%) led to no
significant effects on the body weights, packed
cell volume and serum levels of low density
lipoproteins, but supplementation especially
at the 4% levels led to significantly higher
serum levels of triglyceride, total cholesterol,
high density lipoproteins and very low density
lipoproteins.



Ugwu et al., 2024; Journal of Veterinary and Applied Sciences, 14(1): 367 — 375.

Acknowledgements

The authors thank the Veterinary Medicine
Laboratory and especially Mr Austin Ngene for
the technical support and guidance provided
during the laboratory analysis of the blood
samples. Special appreciation goes to the Mr.
Gregory Ugwunnadi (Animal Attendant,
Veterinary Teaching Farm, University of
Nigeria Nsukka) for caring for the birds.

Conflict of Interest Statement

The authors declare no conflict of interest
relative to the research, authorship and/or
publication of this article.

Funding

This research did not receive any specific grant
from funding agencies in the public,
commercial, or not-for-profit sectors.

References

Allain CC, Poon LS, Chan CS, Richmond W and
Fu PC (1974). Enzymatic determination
of total serum cholesterol. Journal of
Clinical chemistry, 20(4):470 — 475.

Alverdy JC and James NL (2017). The influence
of heat stress on mechanism of
infection: Lost microbiomes, emergent
pathobiomes and the role of
interkingdom signalling. Frontiers in
Microbiology Journal, 8: 322.
https://doi.org/10.3389/fmicb.2017.003
22

Assmann G, Jabs HU, Nolte W and Schriewer H
(1984). Precipitation of LDL with
sulphopolyanions: a comparison of two
methods LDL
determination. Journal
Chemistry and
Biochemistry, 22(11): 781 — 785.

for cholesterol
Clinical

Clinical

of

373

Baiao NC and Lara LIC (2005). Oil and fat in
broiler nutrition. Brazilian Journal of
Poultry Science, 7(3): 129 - 141.
https://doi.org/10.1590/S1516-
635X2005000300001

Baldizdn G, Oviedo M, Michelangeli C and
Vargas RE (2010). Effects of peach palm
oil on performance, serum lipoproteins
and haemostasis in broilers. British
Poultry  Science, 51(6): 784 — 790.
https://doi.org/10.1080/00071668.2010.
526925

Brockotter F (2022). Nutritionist solutions for
poultry in times of soaring ingredient
prices. Poultry World.
https://www.poultryworld.net/health-
nutrition/nutrition/nutritionist-
solutions-for-poultry-in-times-of-
soaring-ingredient-prices/

Bucolo G and David H (1973). Quantitative
determination of serum triglycerides by
use of enzymes. Clinical Chemistry, 19:
476 —482.

Chandrasekharan N, Sundram K and Basiron Y
(2000). Changing nutritional and health
perspectives on palm oil. Brunei
International Medical Journal, 2: 417 —
427.

Chow CK (1992). Fatty Acids in Foods and their
Health Implications. New York: Marcel
Dekker Inc., pp. 237 — 262.

Egba MA, Daugan H, Abdullah S, Aminah A and
Zalifah M (2011). Effect of different
concentration of red palm olein on blood
lipid profile in rat. International Research
Journal of Biochemistry
Bioinformatics, 1(7): 184 — 189.

and

Fagarasan S, Kawamoto S, Kanagawa O and

Suzuki K (2010). Adaptive immune
regulation in the gut: T cell-dependent
and T cell-independent IgA
synthesis. Annual Review of

Immunology, 28: 243 — 273.



Ugwu et al., 2024; Journal of Veterinary and Applied Sciences, 14(1): 367 — 375.

Gheisari A, Ale Saheb-Fosoul SS, Pourali S,
Nasre-Esfahani E and Mohammadrezaei
M (2017). Blood lipid metabolites and
meat lipid peroxidation responses of
broiler chickens to dietary lecithinized
palm oil. South African Journal of Animal
Science, 47(4): 526 — 534.

Grundy SM and Vega GL (1990). Causes of high
blood cholesterol. Circulation, 81: 412 —
427.
https://doi.org/10.1161/01.cir.81.2.412

Hasanuddin S, Yunianto V D and Tristiarti T
(2013). Blood lipid profile of broiler
chickens fed a step down protein with
addition of lime juice as an acidifier.
Juunal llmu dan Teknologi Peternakan
3(1):11-17.

Howe P, Meyer B, Record S and Baghurst K
(2006). Dietary intake of long-chain
omega-3 polyunsaturated fatty acids:
contribution of meat
sources. Nutrition, 22(1): 47 - 53.
https://doi.org/10.1016/j.nut.2005.05.0
09

Kalla DJU, Barrier G, Haruna U, Abubakar M,
Hamidu BM and Murtala N (2007).
Economic analysis of broiler production
at Miango Plateau State, Nigeria. Paper

presented at the Farm Management

Association of Nigeria Conference,
Ayetoro, Nigeria.

Khatun J, Loh TC, Akit H, Foo HL and
Mohamad R (2017). Influence of

different sources of oil on performance,
meat quality, gut morphology, ileal
digestibility and serum lipid profile in
broilers. Journal of Applied Animal
Research, 46(1): 479 — 485.

Manorama R and Rukmini C (1991). Effect of
processing on B-carotene retention in
crude palm oil and its products. Food
Chemistry, 42(3): 253 — 264.

Ravindran V and Bryden WL (1999). Amino
acid availability in poultry — in vitro and

374

in vivo measurement. Australian Journal
of Agricultural Research, 50: 889 — 908.

Odia 0J, Ofori S and Maduka O. (2015). Palm
oil and the heart: A review. World
Journal of Cardiology, 7(3): 144 — 149.
https://doi.org/10.4330/wjc.v7.i3.144

Onibi G E, Bobadoye A O and Folorunso O R
(2011). Haematological indices, serum
cholesterol and meat quality of broiler
chickens fed diets with palm oil sludge
substituting maize. Agriculture and
Biology Journal of North America, 2(3):

552 —558.

Packard CJ, Boren J and Taskinen MR (2020).
Causes and consequences of
hypertriglyceridemia. Frontiers in
Endocrinology, 11: 252.

https://doi.org/10.3389/fendo.2020.002
52

Penson PE, Pirro M and Banach M (2020). LDL-
C: lower is better for longer—even at
low risk. BMC Medicine, 18: 320.
https://doi.org/10.1186/s12916-020-
01792-7

Pesti GM, Bakalli RI, Qiao M and Sterling KG
(2002). A comparison of eight grades of
fat as broiler feed ingredients. Poultry
Science, 81(3): 382 - 390.
https://doi.org/10.1093/ps/81.3.382

Philip D, Nkonya E, Pender J. and Oni OA

(2009).  Constraint to  Increasing
Agricultural Productivity in Nigeria: A
Review. Nigeria  Strategy Support

Program (NSSP). Background Paper No.
6. International Food Policy Research
Institute (IFPRI), Abuja, Nigeria.

Regar MN, Tulung B, Londok JIMR, Moningkey
SAE and Tulung YRL (2019). Blood lipid
profile of broiler chicken as affected by a
combination of feed restriction and
different crude fiber sources. Conference
Series: Earth and Environmental Science,
387:012053



Ugwu et al., 2024; Journal of Veterinary and Applied Sciences, 14(1): 367 — 375.

Renner R and Hill FW 1991. Factors affecting
the absorbability of saturated fatty acids
in the chick. The Journal of Nutrition,
74(3): 254 — 258.

Rymer C and Givens DI (2005). n-3 fatty acid
enrichment of edible tissue of poultry: a
review. Lipids, 40(2): 121 -  130.
https://doi.org/10.1007/s11745-005-
1366-4

Saminathan M, Mohamed WNW, Noh M,
Ibrahim NA, Fuat MA and Ramiah SK
(2022). Effects of dietary palm oil on
broiler chicken productive performance
and carcass characteristics: a
comprehensive review. Tropical Animal
Health and  Production, 54(1): 64.
https://doi.org/10.1007/s11250-022-
03046-5

Sanni SA and Ogundipe SO (2005). Economics
of some modules of poultry production
in Kaduna State, Nigeria Nigerian
Journal of Animal Production, 32 (1): 102
—-107.

Schalm OW, lJain NC and Carrol EJ (1975).
Veterinary Haematology. 3rd edition,
Lea and Febiger Publication,
Philadelphia, pp. 807.

375

Steel RGD and Torrie JH (1960). Principles and
Procedures of Statistics with Special
Reference to the Biological Sciences.
McGraw Hill, New York, pp. 187 — 287.

Tierney JE, Russell JM, Eggermont H, Hopmans
EC, Verschuren D and Sinninghe Damste
JS (2010) Environmental controls on
branched tetraether lipid distributions in
tropical East African lake sediments.
Geochimica Cosmochimica Acta, 74(17):
4902 — 4918.

Van der klis JD, Kwakernaak C, Jansman A and
Blok M (2010). Energy in poultry diets:
Adjusted AME or net energy.
Proceedings of Australian Poultry Science
Symposium, Sydney Australia, 21: 44 —
49.

(2012). Diet, the
Prevention of Chronic Diseases. WHO
Report Series 916. WHO,
Geneva, pp. 82 —88.

WHO Nutrition and

Technical

Yuan G, Al-Shali KZ and Hegele RA (2007).
Hypertriglyceridemia: its etiology,
effects and treatment. Canadian Medical
Association Journal, 176(8): 1113 — 1120.
https://doi.org/10.1503/cmaj.060963.




