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Abstract
Background and Objective: Fats are often added to poultry diets to increase growth performance and productivity. The effects of
increased dietary fat consumption in guinea fowl and muscovy ducks are unknown, which may have consequences for poultry production
costs and the formulation of species-specific diets. The current study investigated the effects of a diet rich in saturated
fatty acids on glucose tolerance, serum metabolic health parameters and the liver of guinea fowl and muscovy ducks.
Materials and Methods: Twenty four guinea fowl and 24 muscovy ducks were divided into two groups/species and fed either a
standard or high-fat diet (enriched with 20% palm oil and 2% lard) over 8 weeks. After 4 and 8 weeks on the diets, six birds from each
group were fasted overnight, subjected to an oral glucose tolerance test, re-fed for 72 h and then euthanized. Blood and liver samples
were collected. Means between birds in the standard and high-fat diet groups, within each bird species at each time point were compared
with a studentʼs t-test (p<0.05), using Graphpad 5 prism software. Results: The high-fat diet had no significant effects on the glucose
tolerance parameters investigated or on the liver lipid content in both bird species. Significantly increased serum cholesterol
concentrations were observed in birds that received the high-fat diet versus those that received the standard diet, in both bird species.
Conclusion: The metabolic health of the birds was maintained following consumption of the high-fat diet and thus the diet would be
safe for use during production of these alternative poultry species.
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and reduced clearance of very low density lipoproteins from

INTRODUCTION

the liver and ultimately, the development of hepatic
Consumption of a high-fat diet (HFD) results in the

steatosis13. In addition, consumption of a HFD has also been

development of metabolic disturbances in mammals,

linked to the development of obesity, glucose intolerance and

including glucose intolerance, obesity, insulin resistance and

insulin resistance14. Following HFD consumption, increased

fat accumulation within the liver1,2. There is, however, a

circulating free-fatty acid levels impair insulin function,

scarcity of data regarding increased levels of dietary fat

resulting in insulin resistance, which in turn affects glucose

consumption in Avian species (specifically the guinea fowl

metabolism homeostasis15.

and muscovy duck). Most of the research which has been

Since it is common to formulate poultry diets with added

done has focused on chickens, which may have consequences

fat and there is a dearth of literature concerning the effects of

in terms of poultry production costs and the formulation of

increased fat consumption on the development of metabolic

diets specific to other poultry species.

disturbances such as glucose intolerance and hepatic

Besides chickens, poultry species such as guinea fowl and

steatosis, specifically in guinea fowl and muscovy duck (which

muscovy ducks have become popular as a source of protein

are becoming increasingly popular sources of protein for

for human consumption. Guinea fowl are advantageous over

human consumption), the objective of the current study was

chickens in terms of poultry production and meat quality.

to investigate the long term effects of a HFD, rich in SFA, on

Guinea fowl are less susceptible than chickens to various

glucose tolerance, serum metabolic health markers and the

poultry diseases, are associated with lower production costs3

liver lipid content of guinea fowl and muscovy ducks.

and are able to adapt to various environmental conditions,
MATERIALS AND METHODS

making them relatively easy to rear4. Guinea fowl meat has a
high protein and low fat content, making it of high quality
and attractive to consumers compared to chicken meat3.

Ethical approval and statement of animal rights: The

Duck meat has also become popular as a source of protein as

study

it has some of the characteristics of red meat, such as the high

Witwatersrand Animal Ethics Screening Committee (Ethics

levels of phospholipids, together with the nutritional

clearance number: 2011/08/2A). All applicable international,

properties of poultry meat, such as high levels of unsaturated

national and/or institutional guidelines for the care and use of

fatty acids. Ducks are also relatively hardy species which allows

animals were followed when carrying out the present

them to adapt to different environments5.

research. All procedures performed in the present study were

was

approved

by

the

University

of the

Poultry diets are often supplemented with fat in the form

in accordance with the ethical standards of the University of

of animal fat or vegetable oils, as a concentrated source of

the Witwatersrand animal ethics screening committee. Data

metabolizable energy, increasing the energy available to the

collection was performed during 2012-2013.

birds in an attempt to increase growth performance and
productivity6,7. Improving the consistency and tastiness of the

Animals and housing: Twenty four (mixed group of males

feed8 and at the same time decreasing feed intake and

and females), 4 week old guinea fowl (Numida meleagris)
(452.4±91.2 g) and twenty four (mixed group of males and
females), 4 week old muscovy ducks (Cairina moschata)
(671.4±194.0 g) were used in the study. Each species of bird
was randomly divided into two groups of 12 birds each and
allocated to either a standard diet (STD) group which received
the standard, commercial poultry feed (Epol®, Centurion,
Pretoria, South Africa) or a high-fat diet (HFD) group which
received the commercial poultry feed enriched with palm oil
(SupaCrisp, Super Olein Palm Oil, Felda Bridge Africa (PTY) Ltd,
Johannesburg, South Africa) at 20% of the mass of the feed
and lard (Norbertʼs German butchery, Wilropark, Roodepoort,
South Africa) at 2% of the mass of the feed (in total 22% added
dietary fat, on a weight/weight basis). The birds were fed their
respective diets ad libitum, with free access to water for the

increasing feed efficiency9 are further rationales for the
use of a HFD in poultry production practices. Birds have
a high capacity for lipid absorption and biosynthesis10 and
exogenous lipids are absorbed directly from the small
intestine into the portal blood and transported to the liver for
further metabolism and subsequent tissue deposition11. The
degree of fatty acid saturation and chain length of added
dietary fatty acids have been shown to affect the digestibility
of the fat7. Saturated fatty acids (SFA) are preferentially stored
and polyunsaturated fatty acids (PUFA) are preferentially
oxidised for energy12. In humans, rats, hamsters and chickens,
increased consumption of fat has been shown to cause an
increased flux of free fatty acids to the liver, which eventually
leads to increased triglyceride synthesis, impaired $-oxidation
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duration of the experimental period. All birds were handled for

concentrations (mmol LG1) were then determined (using a

a few minutes, several times/day, so that they could get

glucometer) at fixed time intervals (15, 30, 60 and 120 min

used to being handled in an attempt to prevent handling

following glucose administration)19. Glucose tolerance curves,

stress hyperglycaemia when the interventions took place16. All

for both species of birds in the STD and HFD groups were then

birds were housed in their respective groups in the animal unit

constructed. Baseline blood glucose, peak blood glucose and

of the Central Animal Service, Faculty of Health Sciences,

blood glucose

University of the Witwatersrand. Lighting was restricted to

glucose administration were then determined. Area under the

12 h in each 24 h period, lights on from 06:00. To provide

glucose curve (AUC) was also determined.

concentrations

2

h

following oral

environmental enrichment of the bird cages, the guinea fowl
were provided with perching logs and the muscovy ducks

Serum metabolic health markers: The blood samples

were provided with paddle pools filled with water.

collected at euthanasia, were centrifuged (Sorvall RT 6000 B,
Du Pont, Hertfordshire, United kingdom) at 370 rpm and 22EC,

General experimental procedure: Following a 2 week

for 15 min. The serum was then collected and serum uric acid,

adaptation period, to familiarise the birds with the housing,

total protein, albumin, aspartate transaminase (AST), total

handling and feeding conditions, the birds were fed their

bilirubin, cholesterol and triglyceride concentrations were

respective diets for 8 weeks. Body mass was measured weekly

determined using an IDEXX Vetlab Analysis Machine (IDEXX

and weight gain was calculated (growth performance data

Laboratories, Westbrook, Maine) according to manufacturerʼs

was presented in a previous publication by our lab) by

instructions. Serum cholesterol and triglyceride concentration

Donaldson et al. . Every four weeks, six birds from each group

data were presented in a previous publication by lab,

(STD and HFD) were fasted for approximately 15 h overnight

Donaldson et al.17.

17

and then subjected to an oral glucose tolerance test (OGTT) as
detailed below. The OGTT served as a measure of the glucose

Liver lipid content: Liver lipid content analysis was only

absorption capacities and glucose homeostasis of the birds18.

performed using liver samples, from half of the birds after

Following the OGTT, the birds were re-fed and allowed to

4 and 8 weeks of either STD or HFD feeding. Lipid extraction

recover for 72 h and then euthanized using an anaesthetic

was performed as described by Bligh and Dyer20. Briefly, liver

overdose of Pentobarbital (Eutha-naze, Centaur Labs, South

samples (approximately five grams) were placed into a

Africa) (200 mg kgG1), administered via the wing vein. Blood

chloroform:methanol (2:1) solution, overnight at 4EC. The

samples were collected by cardiac puncture (using 20 G

samples were then filtered through filter paper (Albert®, Pore

hypodermic needles) into serum separator, clot activator

7-11, Size 185 mm) and 30 mL of 0.9% saline was added. The

vacutainer tubes (Vacuette, Greiner Bio-One, Kremsmunster,

samples were then gently mixed by inverting and allowed to

Austria), for determination of serum biochemistry. The livers

stand overnight at 4EC, to allow separation into two phases.

were excised, weighed and samples processed for lipid

The bottom (chloroform) phase was then collected and

content. Liver lipid yield (as a % of liver tissue sample mass)

reduced to dryness under vacuum, at 37EC, using a water

was calculated.

bath (Labex®, Krugersdorp, South Africa) and then made up
to 20 mL with chloroform. An aliquot of 2 mL of the extracts

Specific experimental procedures

was then placed into dried, pre-weighed vials and re-dried at

Oral glucose tolerance tests: Following an overnight fast,

50EC for 30 min, cooled and then reweighed to determine the

fasting blood glucose concentrations of blood samples

lipid content.

collected via venipuncture of the wing vein, after 4 and
8 weeks of STD or HFD feeding, were measured using a

Data analysis: All data were expressed as mean (SD). The data

glucometer (Ascensia Elite™ Blood glucose meter, Bayer

were analysed and plotted using Graphpad 5 Prism software

Corporation, Mishawaka, USA). Prior to the venipuncture, the

(Graph-pad Software Inc, San Diego, USA). p<0.05 was

area surrounding the wing vein was clipped of its feathers and

considered significant.

sterilized with alcohol-soaked gauze swabs. Following the

A studentʼs t-test was used to assess differences in OGTT

fasting blood glucose level measurement, birds were then

parameters, serum parameters and liver lipid content between

administered a single dose of glucose solution (5g kgG1, 50%

birds in the STD and HFD groups, within each bird species, at

w/v glucose solution: Sigma-Aldrich®, Seelze, Germany) orally,

each time point (following 4 and 8 weeks of feeding).

via orogastric intubation into the crop. Blood glucose

Bartlettʼs test statistic for equal variance was used to define
276
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30

OGTT parameters with significantly different variance (peak
glucose concentrations and glucose concentrations 2 h
following administration of the glucose load). The
transformation used to correct for the unequal variance was
the inverse function.
One guinea fowl and one muscovy duck fell ill during the
experimental period and both were excluded from the study.
Thus, for most of the statistical analyses (unless otherwise
stated), n = 6 for both species of bird, at all time points, except
for the guinea fowl on the HFD at 8 weeks and the muscovy
ducks on the STD at 8 weeks, where n = 5. For the analysis of
the liver lipid content, n = 3 for both species of bird, at all time
points, except for the muscovy ducks on the STD at 8 weeks,
where n = 2.

(a)
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1

Blood glucose (mmol LG )
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30

(b)

*

1

Blood glucose (mmol LG )

*

RESULTS
Guinea fowl
Oral glucose tolerance tests: The glucose tolerance curves for
guinea fowl after 4 (a) and 8 (b) weeks of STD or HFD feeding
are shown in Fig. 1. Fasting blood glucose concentrations
were not significantly different between STD and HFD
groups after 4 and 8 weeks of feeding. There were also no
significant differences in fasting blood glucose concentrations
within the single dietary groups across the two different time
points assessed (p>0.05). Blood glucose concentrations
peaked at 15 min following gavage in guinea fowl on the STD
versus 30 min for those on the HFD following 4 weeks of
feeding and at 30 min following gavage for guinea fowl in the
STD and HFD groups after 8 weeks of feeding. All peaks were
significantly higher than fasting blood glucose concentrations
(p<0.01) for both dietary groups at both time points, except
for that of the guinea fowl on the HFD, following 8 weeks of
feeding, which was not significantly different from fasting
blood glucose concentrations. The peak blood glucose
concentrations for both dietary groups were not significantly
different from one another after 4 and 8 weeks of
feeding. Peak blood glucose concentrations were also not
significantly different across the two different time points
assessed, within the single dietary groups (p>0.05). Blood
glucose concentrations returned to normal 60 min after
gavage in guinea fowl in both the STD and HFD groups at all
time points assessed. There were no significant differences
in AUC between birds in the STD and HFD groups,
following either 4 or 8 weeks of STD or HFD feeding,
neither were there any significant differences (p>0.05)
observed in AUC across the two different time points
assessed, within the individual STD and HFD groups
(Fig. 2).

25
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5
15

30

60

120

Time (min)

Fig. 1(a-b): Glucose tolerance curves (Mean±SD) of guinea
fowl after 4 (a) and 8 (b) weeks of standard diet
(STD) or high-fat diet (HFD) (20% palm oil and 2%
lard) feeding
**p<0.01 significance when comparing blood glucose
concentrations at 15 and 30 min post-gavage to fasting blood
glucose concentrations in guinea fowl in the STD and HFD
groups, following 4 weeks of feeding. *p<0.05 significance when
comparing blood glucose concentrations at 15 and 30 min
post-gavage to fasting blood glucose concentrations in guinea
fowl in the STD and HFD group, following 8 weeks of feeding

Glucose AUC

3000

STD
HFD

2500

2000

1500
4

8
Time (weeks)

Fig. 2: Area under the glucose curve (Mean±SD) for guinea
fowl after 4 (a) and 8 (b) weeks of standard diet
(STD) or high-fat diet (HFD) (20% palm oil and 2%
lard) feeding
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Table 1: Guinea fowl (Numida meleagris) serum parameters after 4 and 8 weeks of either standard diet or high-fat diet feeding
4 weeks
----------------------------------------------------------STD
HFD
4.1 (1.0)
2.6 (1.4)
2.3 (0.3)
2.4 (0.4)
0.3 (0.2)
0.4 (0.4)
344.3 (105.2)
407.3 (199.8)
0.4 (0.4)
0.4 (0.4)
119.0 (10.4)
162.8 (18.5)**
68.7 (40.2)
65.2 (23.2)

Uric (mg dLG1)
TPro (g dLG1)
Alb (g dLG1)
AST (U LG1)
TBil (mg dLG1)
#
Chol (mg dLG1)
#
Trig (mg dlG1)

8 weeks
---------------------------------------------------------STD
HFD
3.8 (1.2)
4.0 (1.3)
2.4 (0.1)
2.4 (0.6)
0.3 (0.1)
0.3 (0.2)
225.8 (16.9)
260.6 (35.3)
0.3 (0.2)
0.2 (0.1)
107.8 (10.9)
162.2 (27.1)**
90.3 (40.1)
66.2 (49.9)

Data represented as mean (SD), **p<0.01 HFD compared to STD at specific time point, STD = Standard diet, HFD = High-fat diet, Uric = Uric acid, TPro = Total protein,
Alb = Albumin, AST = Aspartate aminotransferase, TBil = Total bilirubin, Chol= Cholesterol, Trig = Triglycerides, n = 6 for both STD and HFD groups at 4 weeks and
n = 6 for STD group at 8 weeks and n = 5 for HFD group at 8 weeks, #Serum cholesterol and triglyceride data has been referred to in a previous publication by our lab,
Donaldson et al.17

Liver lipid yield
(% of liver tissue sample mass)

10

Liver lipid content: No significant differences were observed

STD
HFD

between the liver lipid yield (as a % of liver tissue sample

*

8

mass) of guinea fowl on the STD compared to those on the
HFD, after 4 and 8 weeks feeding (Fig. 3). When comparing
liver lipid yield between the two time points (i.e., after 4

6

and 8 weeks of feeding), within individual diet groups, the
birds in the STD group had significantly increased (p<0.05)

4

liver lipid yield after 8 weeks of feeding compared to after 4
weeks of STD feeding. There were no significant differences

2
4

8

observed between birds in the HFD group after 4 weeks of

Time (weeks)

feeding and those in the HFD group after 8 weeks of feeding.

Fig. 3: Liver lipid yield (expressed as a % of liver tissue sample
mass, Mean±SD) of guinea fowl after 4 and 8 weeks
of standard diet (STD) or high-fat diet (HFD) (20% palm
oil and 2% lard) feeding

Muscovy ducks
Oral glucose tolerance tests: The glucose tolerance curves for
muscovy ducks after 4 (a) and 8 (b) weeks of STD or HFD

*p<0.05 significance when comparing liver lipid yield of guinea fowl on
the STD after 4 weeks of feeding and guinea fowl on the STD after
8 weeks of feeding

feeding are shown in Fig. 4. Fasting blood glucose
concentrations were not significantly different between STD
or HFD groups or between the two different time points

Serum biochemistry: Serum parameters for guinea fowl in

assessed, within a single dietary group. Peak blood glucose

both the STD and HFD groups are presented in Table 1. No
significant differences were observed in serum uric acid, total
protein, albumin, AST, total bilirubin and triglyceride
concentrations between birds on the STD and HFD, after
either 4 or 8 weeks of feeding. Serum cholesterol
concentrations were significantly higher (p<0.01) after
4 and 8 weeks of feeding in guinea fowl on the HFD compared
to those on the STD diet. No significant differences were
observed in serum uric acid, total protein, albumin, total
bilirubin, triglyceride and cholesterol concentrations when
compared across the two different time points, within the
individual STD and HFD groups. Serum AST concentrations
were significantly higher (p<0.05) following 4 weeks of STD
feeding compared to that observed following 8 weeks of
STD feeding. No significant differences in serum AST
concentrations were observed across the two different time
points in the HFD group.

concentrations were reached 30 min after administration of
the glucose load, following 4 and 8 weeks of either STD
or HFD feeding. All peaks were significantly higher (p<0.01)
than fasting blood glucose concentrations in both dietary
groups, after 4 and 8 weeks of feeding and were not
significantly different between the STD and HFD groups. Peak
blood glucose concentrations were also not significantly
different across the two time points assessed, within the single
dietary groups. Blood glucose concentrations only returned to
normal 120 min after gavage, at all time points assessed, for
birds in both the STD and HFD groups. The AUC for muscovy
ducks in the HFD group was significantly larger (p<0.05) than
that of the birds in the STD group, after 4 weeks of feeding.
When comparing the AUC across the two different time points
assessed, within the individual diet groups, no significant
differences were observed (Fig. 5).
278

Asian J. Anim. Vet. Adv., 12 (6): 274-283, 2017
Table 2: Muscovy ducks (Cairina moschata) serum parameters after 4 and 8 weeks of either standard diet or high-fat diet feeding
4 weeks
----------------------------------------------------------STD
HFD
2.7 (1.0)
2.3 (0.9)
3.1 (0.7)
3.4 (0.5)
0.6 (0.4)
0.7 (0.2)
21.2 (12.4)
29.0 (17.0)
.2 (0.1)
0.2 (0.1)0
85.0 (28.3)
155.5 (12.4)**
38.2 (12.8)
46.8 (7.5)

Uric (mg dLG1)
TPro (g dLG1)
Alb (g dLG1)
AST (U LG1)
TBil (mg dLG1)
#
Chol (mg dLG1)
#
Trig(mg dLG1)

8 weeks
---------------------------------------------------------STD
HFD
3.1 (0.7)
2.0 (1.0)
3.4 (0.2)
3.3 (0.3)
0.8 (0.3)
0.8 (0.3)
18.8 (2.5)
16.8 (15.4)
0.4 (0.3)
0.2 (0.2)
112.4 (29.5)
126.0 (23.2)
49.0 (13.3)
55.0 (3.9)

Data represented as mean (SD), **p<0.01 HFD compared to STD at specific time point, STD = Standard diet, HFD = High-fat diet, Uric = Uric acid, Tpro = Total protein,
Alb = Albumin, AST = Aspartate aminotransferase, TBil = Total bilirubin, Chol = Cholesterol, Trig = Triglycerides, n = 6 for both STD and HFD groups at 4 weeks (except
for Trig, where n = 5 in STD group) and n = 5 for STD groups at 8 weeks (except for AST, where n = 4 in STD group) and n = 6 for HFD groups at 8 weeks (except for
AST, where n = 4 in HFD group), #Serum cholesterol and triglyceride data has been referred to in a previous publication by our lab, Donaldson et al.17
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Fig. 5: Area under the glucose curve (Mean±SD) for muscovy
ducks after 4 (a) and 8 (b) weeks of standard diet (STD)
or high-fat diet (HFD) (20% palm oil and 2% lard)
feeding

**
**
**

15

*p<0.05 significance when comparing AUC of muscovy ducks on the
STD and HFD after 4 weeks of feeding

10

concentrations in the muscovy ducks in both the STD and HFD
groups, following either 4 or 8 weeks of feeding. Serum
cholesterol concentrations were significantly higher (p<0.001)
in birds in the HFD group compared to those in the STD group
after 4 weeks of feeding, however no significant differences
in serum cholesterol concentrations were observed
between the two dietary groups after 8 weeks of feeding.
When comparing each serum parameter across the two
different time points, within the individual STD and HFD
groups, no significant differences were observed in serum
uric acid, total protein, albumin, AST and total bilirubin
concentrations. Serum triglyceride concentrations were
significantly higher (p<0.05) following 8 weeks of HFD
feeding compared to that observed following 4 weeks of
HFD feeding. Serum cholesterol concentrations were
significantly higher (p<0.05) following 4 weeks of HFD
feeding compared to that observed following 8 weeks of
HFD feeding. No significant differences in serum triglyceride

5
15

30

60

120

Time (min)

Fig. 4: Glucose tolerance curves (Mean±SD) of muscovy
ducks after 4 (a) and 8 (b) weeks of standard diet (STD)
or high-fat diet (HFD) (20% palm oil and 2% lard)
feeding
***p<0.001 and **p<0.01 significance when comparing blood glucose
concentrations at 15, 30 and 60 min post-gavage to fasting blood
glucose concentrations in muscovy ducks in the STD and HFD groups,
following 4 weeks of feeding and in muscovy ducks in the STD and
HFD groups, following 8 weeks of feeding, respectively

Serum biochemistry: Serum parameters for muscovy duck in
both the STD and HFD groups are presented in Table 2. No
significant differences were observed in serum uric acid,
total protein, albumin, AST, total bilirubin or triglyceride
279
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Liver lipid yield
(% of liver tissue sample mass)

12

broiler chickens fed a HFD composed of 80 g kgG1 tallow,
fish oil or sunflower oil for 6 weeks. However, the broilers
receiving the tallow had a markedly increased plasma insulin
response. Improved clearance of blood glucose in the birds
receiving the diets rich in PUFA was ascribed to an increase in
PUFA within the tissue membranes of these birds, resulting in
an increased number of insulin receptor binding sites and an
increased affinity of the insulin receptor for binding23.
A significantly increased glucose AUC was observed in the
muscovy ducks in the HFD group compared to those in the
STD group, after 4 weeks of feeding. This could be a sign of
glucose intolerance as a result of the HFD consumption.
However, the same effect was absent after 8 weeks of HFD
feeding, indicating an adaptation to the HFD by the muscovy
duck, the mechanisms of which should be further
investigated. Given the HFD-induced changes in the insulin
function observed in chickens, the lack of any observable
changes in the glucose tolerance test parameters assessed in
the present study may suggest some inter-species differences
in the regulation of lipid metabolism amongst avian species.
Liver lipid content was similar between birds on the STD
and HFD, for both bird species. Our results agree with those of
Magubane et al.26, who observed no HFD-induced effects on
liver lipid content in Japanese quail supplemented with 10%
canola oil (rich in MUFA) for a period of 7 weeks. Tissue lipid
deposition is the net result of the absorption of dietary fatty
acids, the oxidation of fatty acids for energy and de novo fatty
acid synthesis27. The fatty acid profile of the diet consumed
impacts the resulting lipid deposition within various body
tissues. Increased lipid deposition is generally observed
following consumption of SFA, whereas PUFA tend to reduce
lipid deposition27-29. Results from previous studies assessing
liver lipid deposition using predominantly chickens, are not in
agreement with those of the current study. The contradictory
results may be due to inter-avian species differences in lipid
metabolism. Genetic dissimilarities in lipid metabolism
between different avian species and even between different
breeds of the same avian species have been observed in
studies involving the induction of liver lipid accumulation by
overfeeding. Hermier et al.30 observed less hepatic lipid
accumulation following overfeeding in common ducks
compared to muscovy ducks, which was ascribed to more
efficient routing of liver lipids towards secretion via VLDLs,
thus promoting the storage of lipids in extrahepatic tissues30.
An earlier study by Hermier et al.31 demonstrated increased
susceptibility to hepatic steatosis in the landes geese
compared to the rhine geese, which was accredited to the
reduced ability of this breed to export VLDLs from the liver,
thus favouring hepatic lipid accumulation31. Fournier et al.32

STD
HFD

10
8
6
4
2
4

8
Time (weeks)

Fig. 6: Liver lipid yield (expressed as a % of liver tissue sample
mass, Mean±SD) of muscovy ducks after 4 and 8 weeks
of standard diet (STD) or high-fat diet (HFD) (20% palm
oil and 2% lard) feeding
and serum cholesterol concentrations were observed across
the two different time points within the STD group.
Liver lipid content: No significant differences were
observed between the liver lipid yield (as a % of liver tissue
sample mass) of birds on the STD compared to those on the
HFD, after 4 and 8 weeks feeding (Fig. 6). No significant
differences in liver lipid yield were observed within the
individual STD or HFD groups, after either 4 or 8 weeks
of STD or HFD feeding.
DISCUSSION
High-fat diet feeding in mammals21,22 and some birds has
been associated with alterations in glucose tolerance.
Consumption of saturated fatty acids (SFA) and
monounsaturated fatty acids (MUFA), such as palm oil and
lard, causes an imbalance in the plasma concentrations of
glucose and insulin23,24. Crespo and Esteve-Garcia24 observed
increased plasma insulin concentrations, that were not
accompanied by a depletion of plasma glucose, in broilers fed
diets containing 10% tallow or olive oil versus those fed diets
containing 10% sunflower or linseed oil, suggesting the
development of insulin resistance in the birds fed diets rich in
SFA and MUFA compared to those fed diets rich in PUFA24.
Since avian insulin plays a role in promoting glucose uptake
from the bloodstream25, one would expect the HFD-induced
changes in the insulin/glucose balance and the development
of insulin resistance in the birds fed the diets rich in SFA and
MUFA, to have an effect on glucose tolerance. Newman et al.23
observed no significant differences in plasma glucose
responses to an intravenous glucose tolerance test in male
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maintaining the overall health status of these alternative
poultry species. The mechanisms involved in the metabolism
of various lipid types (i.e. saturated vs. unsaturated) and
subsequent handling of the lipid metabolites in these bird
species needs to be further investigated in order to establish
the physiological mechanisms behind the resistance of these
alternative poultry species to the metabolic effects of a HFD.

observed that compared to the landes goose, the Poland
goose reacted to overfeeding by increasing exportation of all
liver lipids, resulting in increased extrahepatic fattening as
opposed to hepatic steatosis32. Since differences in hepatic
lipid metabolism following overfeeding have been observed
between different avian species/breeds, it is possible that
essential differences exist in the handling of dietary lipids and
their subsequent fate following HFD feeding as well. This
could explain the discrepancies observed between the liver
lipid deposition in the birds used in the present study and
those reported on in previous studies.
Significantly increased serum cholesterol levels were
observed in the guinea fowl and muscovy ducks following the
HFD feeding in the current study. The hypercholesterolemia
was well tolerated by the birds as they exhibited no signs of
poor health, suggesting an effective coping mechanism in
terms of managing potential modifications in lipid metabolism
and lipid portioning, as a result of changes in dietary lipid
content17. The intake of diets rich in SFA have been linked to
the development of hypercholesterolemia33. Monfaredi et al.34
observed significantly increased serum cholesterol
concentrations in broilers receiving beef tallow at either
20 or 40 g kgG1 compared to broilers on the control diet.
Similarly, Celebi and Utlu35 observed a significant increase
in serum cholesterol concentrations in laying hens
supplemented with 4% beef tallow compared to those not
receiving additional lipids. Ayala et al.10 observed significantly
increased serum cholesterol concentrations in chickens,
following the consumption of a diet enriched with 20%
cholesterol and 2% palm oil (rich in SFA). Increased serum
cholesterol concentrations following consumption of SFA
have been attributed to decreases in hepatic low-density
lipoprotein receptor expression and activity and increases in
the production of low-density lipoproteins36-39. In addition,
certain saturated fatty acids such as palmitic acid, myristic acid
and lauric acid are more hypercholesterolemic than others36,
thus the fatty acid composition of the animal fats and
vegetable oils added to poultry diets needs to be carefully
considered, with regards to maintaining the overall health
status of the birds during production.

SIGNIFICANCE STATEMENTS
The current study demonstrates that the use of a high-fat
diet, rich in saturated fatty acids, in a poultry production
setting would in fact be safe in terms of maintaining the
overall health status of these alternative poultry species, since
the diet was well-tolerated by both the guinea fowl and
muscovy ducks, with no obvious adverse health effects
observed. The study provides insight into the effects of highfat diet consumption in these alternative poultry species
which are becoming popular table birds, information which is
important with regards to poultry production practices and
the development of species-specific poultry diets.
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