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ABSTRACT

An experiment was conducted to determine the effect of three oil sources with the inclusion of three
levels on some performance variables, carcass quality, and broiler organs. The sources used were
palm oil (Elaeis guineensis), chicken oil, and Sacha inchi oil (Plukentia volubilis). A total of 324
female Ross 308 line were assigned in a completely random design to nine treatments with six
repetitions of six birds per repetition, which were fed with a diet based on corn and soybean meal
containing 3, 6, and 9% inclusion of each one of the oil sources for the periods between 8 to 21 days
of age and 22 to 42 days of age. Live weight and feed consumption data were recorded weekly to
calculate the feed conversion ratio, considering mortality. On day 42, one female broiler from each
repetition was randomly selected, weighed, and sacrificed, to obtain upgraded data characteristics
from the carcass. The results suggest that there was no significant difference in animal response
variables or channel quality. Regarding the carcass variables and some poultry organs, the only one
affected by the source was the deposition of abdominal fat. Sacha inchi oil produced carcasses with
a lower average of abdominal fat in relation to weight and slaughter, with no differences between
palm and chicken oils.

RESUMEN

Se realizd un experimento para determinar el efecto de tres fuentes de aceite con tres niveles de
inclusion sobre las variables de desempefio, calidad de la canal y 6rganos en pollos de engorde. Las
fuentes usadas fueron aceite de palma (Elaeis guineensis), aceite de pollo y aceite de Sacha inchi
(Plukentia volubilis). Un total de 324 hembras de la linea Ross 308, fueron asignadas en un disefio
completamente al azar en nueve tratamientos con seis repeticiones y seis aves por repeticion, las
cuales fueron adicionados a una dieta a base de maiz y soya en harina que contenian 3, 6 y 9% de
inclusién de cada una de las fuentes de aceites por un periodo entre 8 y 21 dias de edad y de 22 a 42
dias de edad. Los datos de peso vivo y consumo de alimento, fueron tomados semanalmente para
calcular la tasa de conversion alimenticia, teniendo en cuenta la mortalidad. Sobre el dia 42, una
hembra de cada repeticion fue pesada y sacrificada con el fin de obtener los datos de caracteristicas
de la canal. Los resultados sugieren que no se presentd diferencia significativa en las variables
respuesta animal ni calidad de la canal. En las variables de la canal y algunos 6rganos de las aves
la Unica que resulté afectada por la fuente fue la deposicion de grasa abdominal. El aceite de sacha
inchi gener6 canales con menor porcentaje de grasa abdominal con relacion al peso al sacrificio, sin
que se haya observado diferencia entre los aceites de palma y de pollo.
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hicken devoted to meat production has changed

in the last decades at all levels. This situation

involved the change of their diets' structural

design, which involves, among other aspects,
the inclusion of ingredients with a high concentration of
digestible or available nutrients and metabolizable energy.
In specialized poultry production systems, how has been
guaranteed to meet the metabolizable or net energy
requirements has been mainly with foods high in starch,
especially cereal grains such as corn, and, partially, with
oil or fat sources or the combination of both (Wiseman
et al. 1986). There is no doubt that if the goals set for
broiler production remain on the horizon and the decision
to use cereal grains for other purposes such as alcohol
production is sustained, the feeding strategy should be
reviewed because to the extent that there are no of feeds
with higher starch concentrations than the current ones,
there will be a need to review the issue of the use oil and
fats in chicken feed.

In the ninth revised edition of Nutrient Requirements of
poultry, the NRC (1994) recorded as appropriate broiler
starter and finisher diets based on corn, sorghum, or wheat-
soybean whose fat contents were between 0 and 10%.
This is perhaps the first record that provided information,
although not as a requirement, on the maximum level of
fat that would be appropriate in diets. This same version
also identified for the first time the requirement of 1%
linoleic acid for chickens up to the eighth week of life and
0.8% between weeks 8 and 18; in addition, to keeping
the 1% indicated since 1971 for laying hens and broilers.
After more than 45 years after these first records, it is
not possible to identify, even as a recommendation, the
maximum level of inclusion of fat in the chickens’ diet.

The use of fats or oils in food has positive effects on
broiler productivity: they improve diets acceptance and
they also decrease consumption because they are
sources of high energy concentration, they contribute
to the homogenization of diets, reduce losses due to the
selection of particles, it lowers the rate of passage of digesta
through the gastrointestinal tract and improve absorption
of dietary nutrients, contribute with their performance rates
improvement and minimize production costs (Ayed and
Attia 2015; Pesti et al. 2002). The type of fat and oil added
to diets has a direct effect on the level of abdominal fat
deposited and on its lipid composition (Ayed and Attia

2015). Therefore, in broilers, the type of fat used in food
affects the composition of their body lipids (Scaife et al.
1994).

Fast-growing modern broiler lines also have higher levels
of body fat, becoming a problem for the poultry industry.
Choct (2000) reported that these lines contain between
15 to 20% fat, where about 85% is not physiologically
required for body functions, leading to excess fat deposition,
carcass productivity reduction, and a negative effect on
consumer acceptance.

The issue of fat addition to broiler's diets is complex.
Since it is not part of the fractions and nutrients that
record requirements, it falls in the recommendations field
and they can be based on criteria set by the animal feed
industry, the meat processing industry, the consumers,
and finally by the nutritionists. Moreover, the tendency has
been to design diets with fat levels not higher than 3%,
with limited possibilities of attempting to expand them.
This study aimed to evaluate three types of oil: palm
oil, in which saturated fatty acids (SFA) predominate,
chicken oil, highlighted by the highest proportion of
monounsaturated fatty acids (MUFA), and Sacha inchi
oil, in which polyunsaturated fatty acids (PUFA) stand out,
with three levels of inclusion (3, 6 and 9%) in the broiler
chickens’ diet between their birth and their 42 days of age.
The evaluation was based on their performance rates,
such as body weight, feed intake, and feed conversion,
and allometric characteristics such as carcass weight,
breast, leg, skin, gizzard, liver, heart, and abdominal fat
both in absolute and relative values.

MATERIALS AND METHODS

The study was carried out at San Pablo Agricultural
Station of the Universidad Nacional de Colombia, Medellin
Headquarters, located in the municipality of Rionegro,
(Antioquia, Colombia), at 2,100 meters above sea level
(masl), coordinates 6°07'51.3" N and 75°27'19.1" W.
According to the living zone classification system, the
station is listed: as a very moisture-low montane forest
living zone (bmh-MB) (Holdridge 1978), characterized
by a temperature range between 12 and 18 °C and an
annual rainfall of 2,280 mm. At night and early hours of the
day, the relative humidity reaches approximately 75.5%.
A total of 324 female Ross 308 line from a commercial
incubator were used. The birds were received at 1 day of age
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and were housed during the first 8 days in an experimental
hatchery of 126 m?, which was built with an east-west
orientation, with natural ventilation, heating, and curtain
management to guarantee a temperature of 30 °C, with a
floor of cement and open water and commercial feed supply.
When the birds were eight days old, they were moved to
another hatchery with horizontal batteries of 0.7 m length x
0.75 m width x 0.6 m height. In the hatchery, heating and
ventilation were maintained with gas brooders and managed
with curtains.

Diets

During the first week of life, the birds were offered a
commercial diet. From day 8 of age to day 42, birds had
voluntary access to the experimental diets according
to the following pattern. Two evaluation phases were
established. The first one, called initiation, was with birds
aged between 8 and 21 days old. And the second one,

fattening, was with birds aged between 22 and 42 days
old. For both phases, the diets were in the form of flour
and were designed following the requirements of Rostagno
et al. (2017). Except for oils, the nutritional facts of the
ingredients used in these diets were taken according to
the information provided by the supplier. The apparent
metabolizable energy values of the oils were estimated
from a trial previously performed. In each phase, nine diets
were provided to account for three oils (commercial palm,
commercial chicken, Sacha inchi), and three inclusion
levels (3, 6, and 9%) were offered at each stage. The
centesimal and nutritional composition of the diets is shown
in Table 1. The diets’ chemical composition analyses were
carried out in the chemical analysis and bromatological
laboratory at Universidad Nacional de Colombia, which
is registered as a quality control laboratory before the
Colombian Agricultural Institute according to registration
LB0000432021 (December 7, 2021).

Table 1. Centesimal and nutritional composition of the experimental diets used in the initiation and fattening phases.

Initiation phase (8 to 21 days)

Ingredient Palm oil Chicken oil Sacha inchi oil
Corn 60.0 54.5 43 60.0 54.5 515 58.0 56.1 52.1
Soybean cake 315 34.0 40.0 31.5 34.0 34.0 335 335 335
Hemoglobin 1.0 1.0 - 1.0 1.0 1.0 1.0 - 1.0
Wheat bran - - 35
Qil 3.0 6.0 9.0 3.0 6.0 9.0 3.0 6.0 9.0
Dicalcium phosphate 1.6
Ca carbonate 1.3
Sea salt 0.3
L-Lysine HCL (99%) (Alys® 99) 0.3
DL-Methionine 0.3
L-Threonine (98.5%) 0.2
Choline chloride 0.05
Sodium bicarbonate 0.05
Premix1 0.3

Total 100

"Vitamin A 11,000,000 IU, Vitamin D 2,500,000, Vitamin E 12,000 mg, Vitamin K 3,000 mg, Thiamine 1,300 mg, Riboflavin 5,000 mg, Niacin
60,000 mg, Pantothenic acid 11,100 mg, Pyridoxine 2,000 mg, Biotin 50 mg, Vitamin B12 11 mg, Folic acid 600 mg, Choline chloride (60%)
500,000 mg, Zinc 76,000 mg, Manganese 76,000 mg, Copper 8,000 mg, Iron 60,000 mg, lodine 800 mg, Selenium 300 mg, Antioxidant
100,000 mg, Maximum humidity 5%.
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Table 1
Nutritional composition (Values expressed in dry matter)
Component?? Palm oil Chicken oil Sacha inchi oil
3.0 6.0 9.0 30 60 90 30 60 90
Moisture and other volatile matter 13.6 12.4 12.2 12.9 12.7 12.7 13.5 14.1 13

Crude protein 20.0 20.4 218 1975 2045 20.21 20.5 19.5  20.31
Crude fiber 2.50 1.50 1.72 2.53 2.55 2.50 2.60 256 249
Crude fat 5.85 8.60 11.42 5.85 8.66 11.51 5.81 8.7 11.52
Calcium 0.98 0.99 1.02 0.98 0.99 0.99 0.99 099 098
Phosphorus 0.65 0.65 0.69 0.65 0.65 0.64 0.66 065  0.64
EMA (kcal kg') 2.988 3102 3194 2932 3127 3301 2956 3.032 3.257

2Except for EMA, the other components are expressed in g 100 g™
3The dietary EMA values were estimated from the ingredient values.

Table 1
. Fattening phase (21 to 42 days)
Ingredient Palm oil Chicken oil Sacha inchi oil

Corn 64.3 61.3 46.8 63.0 59.0 54.3 63.3 59.0 54.3
Soybean cake 29.0 29.0 34.0 303 313 33.0 30.0 31.3 33.0
Wheat bran - - 6.5 - - - - - -
Qil 3.0 6.0 9.0 3.0 6.0 9.0 3.0 6.0 9.0
Dicalcium phosphate 1.04 - - - - - - - -
Ca carbonate 1.10

Sea salt 0.30

L-Lysine HCL (99%) (Alys® 99) 0.28

DL-Methionine 0.43

L-Threonine (98.5%) 0.15

Choline chloride 0.05

Sodium bicarbonate 0.05

Premix1 0.30

Total 100 -

"Vitamin A 11,000,000 IU, Vitamin D 2,500,000, Vitamin E 12,000 mg, Vitamin K 3,000 mg, Thiamine 1,300 mg, Riboflavin 5,000 mg, Niacin
60,000 mg, Pantothenic acid 11,100 mg, Pyridoxine 2,000 mg, Biotin 50 mg, Vitamin B12 11 mg, Folic acid 600 mg, Choline chloride 60%
500,000 mg, Zinc 76,000 mg, Manganese 76,000 mg, Copper 8,000 mg, Iron 60,000 mg, lodine 800 mg, Selenium 300 mg, Antioxidant
100,000 mg, Maximum humidity 5%.

Table 1
Nutritional composition (Values expressed in dry matter)
Component?? Palm oil Chicken oil Sacha inchi oil

3.0 6.0 9.0 3.0 6.0 9.0 3.0 6.0 9.0
Crude protein 18.0 178  20.0 185 187 19.0 186 184  19.0
Crude fiber 2.5 25 3.0 25 2.5 2.5 2.5 25 2.5
Crude fat 6.0 88 115 6.0 88 116 6.0 88 116
Calcium 0.75 075 085 075 075 076 075 075 0.76
Phosphorus 0.53 053 053 053 053 053 053 053 053
EMA (kcal kg') 3.098 3341 3242 2972 3183 3339 3.021 3.084 3.289

2Except for EMA, the other components are expressed in g 100 .
$The dietary EMA values were estimated from the ingredient values.
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Variables studied

Considering each phase, the variables studied were diet
consumption, weight, and feed conversion, and for the
overall period, the variables were weight and carcass
yield, breast, leg, liver, heart, gizzard, wings, skin, and
abdominal fat on the day of slaughter. For the calculation
of diet consumption, the weekly average consumption was
considered, bearing the number of dead birds during the
evaluated period. For the weight variable, the birds were
weighed upon arrival at the station and then every week
until the end of the experiment. The live weight information
was gathered from the weight of the birds of each repetition
and averaged according to the number of live birds. The
estimation of the feed conversion was based on the average
consumption of the diet divided by the live weight during the
evaluated period, without taking mortality into account. Only
the live weight, consumption, and feed conversion statistical
analysis are presented considering two periods: between
day 21 and 42 of age and between day 8 and 42 of age.

The evaluation of carcass weight, breast, leg, liver, heart,
gizzard, wings, skin, and abdominal fat was made from
data obtained from a slaughtered bird by replicate (six per
treatment) on day 43 of age. Slaughter was performed by
the cervical dislocation method. For abdominal fat weight, all
fat surrounding the gizzard, bursa of Fabricius, cloaca, and
adjacent muscles were removed and weighed individually.
The procedure for weighing liver, heart, gizzard, wings, and
skin was the same.

For the carcass yield determination, the weight of the hot
carcass without feathers, head, neck, legs, and white
viscera was considered in contrast to the live weight at
slaughter time. The breast and leg, liver, heart, gizzard,
wings, skin weight, and abdominal fat, were also taken
in contrast to the animal’s live weight.

Experimental design

The experiment was planned in a 3x3 factorial arrangement
with the three types of oil (palm, chicken, and Sacha
inchi oil) and three inclusion levels (3, 6, and 9%) with six
repetitions per treatment and six birds per replicate, having
a total of 324 birds. The nine treatments were randomly
distributed in the 54 cages.

Statistical analysis
Weekly weight analysis was using a linear regression

Rev. Fac. Nac. Agron. Medellin 77(1): 10637-10649. 2024

model with weight at one week of age as the independent
variable. Carcass variables were analyzed as absolute
weight and as an average of each variable in relation to
slaughter weight. Considering the absolute weight, a linear
regression analysis was run in which slaughter weight
was selected as the independent variable and carcass
variables as the dependent ones. The bird’s weight when
slaughtered did not influence the abdominal fat, skin, or
heart weight; therefore, the statistical analyses performed
on these variables model included: this weight, the oil
source effect, the level of inclusion, and the interaction
between these two factors. In the analysis model for the
other variables such as carcass, breast, legs, wings,
gizzard, and liver weight, slaughter weight was not included.
The variance analysis for each variable was performed
using the General Linear Model. The average values of
each treatment were compared using the SNK test. Al
statistical analyses were performed by means of the SAS
Version 9 program.

The implemented model followed equation 1.

YmH+F+N+T +E (1)
Where:

Y, the expected response from the experimental unit,
becomes the m-th observation in the response variable.
U: experimental media.

F: the i-th oil source effect.

N the j-th level of oil inclusion effect.

T the k-th interaction (diet) effect.

E,: residual error associated with the I-th experimental
unit.

RESULTS AND DISCUSSION
No adverse effects on the chicks associated with the
conducted conditions were observed during the experiment.

Dietary consumption

Table 2 shows the results of the diet consumption analysis
during the following periods: from day 8 to day 21 of age,
day 21 to day 42, the accumulated from day 8 to day 42,
and the estimated daily average per bird. The comparison
between the intakes recorded in the experiment versus
the reference ones shows that besides some exceptions,
the intakes in the experiment were below the performance
objectives of the genetic line; highlighting the results




regarding T4 (chicken oil at 3% inclusion), which were
above those expected for the line. In the study, there was
no consistent effect of the evaluated factors on consumption.
For all evaluated periods, there was no oil source effect, nor
the composition of its fatty acids, during the period from day
8 today 21 of age; consumption declined with the increase in
the inclusion level. In relation to the interactions between the

source and the level of inclusion, it was possible to establish
that the trends were similar during the period from day 21
to day 42 of age and between day 8 and day 42 of age:
in both palm oil and Sacha inchi oil, the level of inclusion
did not affect consumption; but regarding chicken oil, the
highest consumption was achieved with 3% inclusion, with
no difference between the two other levels.

Table 2. Oil source effect, inclusion level, and interaction between the source and level of dietary intake between day 8 to 21 of age, 21 to
42, cumulative between day 8 to 42, and average bird day of broilers (Values expressed in grams).

Diet consumption

Estimated daily
consumption per bird

Effect Day 8 to 21 Day 21 to 42 Accumulated from 8 to 42
of age of age day 8 to 42 days of age
Oil source P>0.05 P>0.05 P>0.05 P>0.05
Palm 849.23 2997.12 3846.3 109.89
Chicken 900.87 3146.28 4047.1 115.61
Sacha inchi 890.21 2993.72 3883.9 110.96
Table 2
Inclusion level (%) P<0.05 P>0.05 P>0.05 P>0.05
3 910.09° 3138.78 4048.9 115.67
6 828.68° 3004.65 3876.3 110.74
9 847.5420 2993.69 3825.2 110.06
Source*Levell P>0.05 P<0.01 P<0.01 P<0.01
T 873.5 3051.73* 3925.3 112,13
T2 845.8 3060.26% 3906.1% 111.60%
T3 828.3 2879.35% 3707.7% 105.95
T4 977.2 3480.93° 4458.12 127.36°
5 878.3 3131.2° 4009.5° 114,53
6 847.1 2826.71% 3673.2° 104.95¢
T7 879.5 2883.68% 3763.2% 107,510
8 923.9 2789.60° 37135 106.10%
T 867.2 2863.88" 3724.58" 106.91%
MSE Root 73.18 292.05 323.35 9.25
Model P-value 0.0361 0.0017 0.0016 0.0017
Reference value Ross AP 959.00 3240.00 4199.00 123.50

line (2022)

'T1, T2, T3: palm oil at 3, 6 and 9%. T4, T5, T6: chicken oil at 3, 6 and 9%. T7, T8, T9: Sacha inchi oil at 3, 6 and 9%. ®*Values with different

letters in the same column differ significantly.

Body weight

Table 3 shows the results of the analyses carried out for
body weight between day 8 and 21 of age, day 21 to 42,
until day 42, and accumulated daily gain per bird. The

estimated weight gains for females of the genetic Ross
AP line (2022) for the periods between day 8 and 21 of
age, 22 to 42, up to day 42 and the daily gain for the
whole period provide values of 784, 1,858, 2,856 g, and
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66.95 g d. The comparison between these values with
those of the study shows that there were higher values
in the study when palm oil and chicken oil were used, in
the three inclusion levels, and all interactions between
oil source and inclusion level except for T2 and T3 (palm
oil at 6 and 9%) for the period between day 8 and 21 of
age and all situations for daily weight gain. In the study,
the only treatment that showed higher values than those
of the genetic line was T2 (6% palm oil) between days
21 and 42 of age.

The oil source affected weight gain for the periods between
days 8to 21 of age and days 21 to 42 of age. During the
first period, Sacha inchi oil promoted the highest weight, but
there was no difference between the other two sources. For

the period from day 21 to 42 of age, Sacha inchi oil made
birds with lower weights, keeping no difference between the
other sources. Between days 8 to 42 of age, daily weight
gain throughout the experimental period was not affected
by the oil source. Ferrini et al. (2008) evaluated the effect
of the 10% inclusion of different sources of fats and oils
(tallow, high oleic sunflower oil, high linoleic sunflower
oil, high linolenic linseed oil, and a mixture of 55% tallow,
35% linseed oil, and 10% high linoleic sunflower oil) on
weight gain between day 8 and 42 of age in Ross 308-line
broilers. Even though the response among the different
sources changed, it was possible to establish that the
lowest gains were obtained from the sunflower oil and
flaxseed oil diets, while the highest gains were obtained
with the mixture, having no difference from the tallow diet.

Table 3. Effect of the oil source, inclusion level, and interaction between source and inclusion level on weight gain between days 8-21, 21-42,
and day 42 of age and cumulative weight gain (Values expressed in grams).

Weight gain . . .
Effect Day 8 to 21 Day 21 to 42 Day 8 to 42 Daily weight gain
Oil source P<0.01 P<0.5 P>0.05 P>0.05
Palm 777.610 1806.83° 2584.33 73.84
Chicken 798.17° 1806.89° 2604.89 74.42
Sacha inchi 832.202 1689.06° 2521.22 72.01
Inclusion level (%) P>0.05 P>0.05 P>0.05 P>0.05
3 805.56 1785.17 2590.61 74.01
6 796.22 17615 2557.67 73.06
9 806.22 1756.11 2562.17 73.21
Source"Level P<0.05 P<0.05 P<0.05 P<0.05
T 806.83° 1794.66° 2601.50° 74.33°
T2 746.83° 1886.0° 2632.66° 75.212
Table 3
3 779.16% 1739.83° 2518.83% 71.98%
T4 804.16° 1837.0° 2641.00° 75.45¢
5 798.66° 1836.33° 2635.002 75.28°
6 791.66° 174733 2538.66% 72550
7 805.66° 1723.832 2529.33% 72,262
T8 8431620 1562.16° 2405.33° 68.68°
T 847.83? 1781.16° 2629.00° 75.10¢
MSE Root 38.02 143.48 146.92
Model P-value 0.0014 0.022 0.116

'T1, T2, T3: palm oil at 3, 6 and 9%. T4, T5, T6: chicken oil at 3, 6, and 9%; T7, T8, T9: Sacha inchi oil at 3, 6, and 9%. **¢Values with different

letters on the same column may differ meaningfully.
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Regarding the level of inclusion of the oil sources evaluated,
it has been established that there was no effect on this
variable in all the periods evaluated; however, an effect
on the interaction between the oil source and the level of
inclusion was found. It was not possible to identify any
type of trend in the effect of the interaction in the periods
evaluated, suggesting that the birds’ behavior had been
independent with respect to the diet. Considering the
above, the analysis will be focused on the period from
day 8 to 42 of age and the daily weight gain of the entire
experimental period. According to the results, the behavior
in the three levels of inclusion of palm and chicken oils
was similar, but there was a difference in the Sacha oil
between 6 and 9%. If the analysis is performed by the
level of inclusion at 3%, there is no difference between
the three sources; at 6 and 9%, Sacha oil brought a
difference in weight. Crespo and Esteve-Garcia (2001) in
Ross 308 females evaluated comparing the one carried

out in this study, a basal diet without added fat, and four
diets with the addition of 10% of tallow (saturated fatty
acids), olive oil (monounsaturated fatty acids), sunflower oil
and flaxseed oil (polyunsaturated fatty acids) in a shorter
period (between day 28 and 42 of age) than in this study.
The results from the statistical analysis showed that the
diets with the addition of different oils produced birds that
weighed an average of 144 g more than those fed with
the basal diet, but there was no difference between the
diets with 10% fat added.

Dietary conversion

Table 4 shows the results of the analyses carried out for
the diet conversion variable. The specific result of this study
shows that the oil source did not affect the conversion
variable, and there was only an effect of the oil inclusion
level for the period between day 8 and 21 of age, and the
interactions between the oil source and the inclusion level

Table 4. Effect of oil source, inclusion level, and interaction between source and inclusion level on diet conversion between days 8-21, 21-42

of age, and cumulative between days 8 and 42 of age.

Effect Day 8 to 21
Source P>0.05
Palm 1.361
Chicken 1.391
Sacha inchi 1.313
Level of inclusion (%) P<0.01
3 1.3982
6 1.376°
9 1.291°
Source*Level P>0.05
T1 1.344
T2 1.424
T3 1.315
T4 1.503
T5 1.360
T6 1.310
T7 1.348
T8 1.343
T9 1.248
MSE Root 0.104
Model P-value 0.010

Diet conversion

Day 21 to 42 Day 8 to 42
P>0.05 P>0.05
1.662 1.582
1.745 1.650
1.781 1.644
P>0.05 P>0.05
1.758 1.661
1.717 1.618
1.713 1.597
P<0.05 P<0.05
1.7022° 1.606°
1.626° 1.576°
1.658° 1.564°
1.900° 1.796°
1.7072° 1.617¢
1.6292 1.539¢
1.672% 1.582¢
1.8062%° 1.661%
1.865° 1.689%
0.189 0.142
0.073 0.085

'T1, T2, T3: palm oil at 3, 6 and 9%. T4, T5, T6: chicken oil at 3, 6, and 9; T7, T8, T9: Sacha inchi oil at 3, 6, and 9%. #° Values with different

letters in the same column differ significantly.
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were only significant during the period between day 21
and 42 of age, including the overall period (between day
8 and 42 of age). According to the above, it was noted
that the best feed conversion rate was obtained with the
highest level of inclusion, without being different between
the two previous levels of inclusion. As with the weight
gain variable, it cannot be possible to identify any type
of trend in the periods evaluated from the effect of the
interaction, suggesting again that in each period there
was independence in the behavior of the birds regarding
the diet. For the fattening phase, from day 21 to 42 of
age, there was no difference among the three levels
of inclusion on the palm oil and Sacha inchi oil, but in
chicken, oil the worst conversion was at 3% inclusion; in
fact, the most limited conversions were obtained with T1
(3% palm oil), T4 (3% chicken oil) and T8 (6% Sacha oil),
with no differences among them. At 6 and 9% there was
no difference among the three oil sources. For the entire
experimental period in palm and Sacha oil, there was no
difference among the three inclusion levels, but for chicken
oil the worst conversion was at 3% inclusion, at this level,
there was no difference between palm and Sacha oils.
Based on these results, it could be agreed that to improve
the feed conversion rate, the use of oils with saturated
and monounsaturated acids, such as palm and chicken
oils, would require higher inclusion levels. Different story
for polyunsaturated lipid sources such as Sacha inchi,
since the conversion would be better at the inclusion level.
Griffiths et al. (1977) reached different conclusions. These
researchers conducted two experiments in male broilers to
evaluate whether the fat sources (two mixtures of animal
and vegetable fat, corn oil, and chicken oil) and the level
of inclusion (at 0, 3, 6, and 9%) had an extra caloric effect
and whether the system of expression of dietary energy
- metabolizable or net - influenced the animal response
or not. At eight weeks of age, birds fed with formulated
diets based on the net energy system had carcasses with
less fat and more protein.

The inclusion of corn or chicken oil, with no mixtures of
animal fat and vegetable oil, produced heavier birds,
without including the level of oil inclusion in the diet. In
research conducted by Gaiotto et al. (2000) where soybean
oil, acid soybean oil, and bovine tallow with 4% inclusion
were used in broiler diets, no difference was established
in consumption, weight gain, and feed conversion for the
initiation stage neither for the complete cycle from day 1
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to 42 of age, as well as no effect on the relative weight of
abdominal fat. Several authors have evaluated the effect
of oil sources or their inclusion level on the performance
of poultry at different stages. For example, Pinchasov
and Nir (1992) planned an experiment in which they
combined different amounts of vegetable oils and tallow
that created varied concentrations of polyunsaturated
fatty acids (32, 48, 60, 63, and 70 g 100 g of fat). From
the performance variables evaluated (body weight at day
21 and 40 of age, weight gain between day 21 and 40
of age, feed intake, and the ratio of weight gain to diet
intake), the reference between weight gain to diet intake
was the only one affected linearly with the increase in the
concentration of polyunsaturated fatty acids in the diet.
Scaife et al. (1994) conducted a study to evaluate the effect
of the inclusion of 5% of fats with different chain lengths
and degrees of unsaturation (bovine tallow, soybean oil,
rapeseed oil, oil of marine origin, and a mixture of 0.5:0.5
wt/wt of these fats) upon the performance (diet intake, live
weight and featherless weight), carcass characteristics,
lipid concentration and fatty acid composition of abdominal
fat, liver and breast of male broilers between day 19 and
54 of age. Regarding the performance variables, the birds
that received the diet with beef tallow consumed more and
presented higher body weights and featherless weights,
while with canola oil these indicators were lower. Of all diets,
the one that produced the most limited feed conversion
was the one with beef tallow. Several researchers found
no difference in dietary intake, weight gain, and feed
conversion in birds fed with different fat sources and their
mixtures (Duarte et al. 2010). Works submitted by Gaiotto
and his contributors in 2000, where they used different
sources of oils and fats in broilers reported no difference
in diet consumption between the sources used, nor for
weight gain or feed conversion during the phase from
day 1 to 42 of age. The comparison between a control
diet with no added fat and other diets with 3% soybean
or palm oil (Ayed and Attia 2015) found no difference in
feed intake in the starter phase between a control diet
with no added fat and other diets with the addition of 3%
soybean and palm oil.

Carcass and organ variables

Tables 5 and 6 show the results of the analyses carried
out on the variables associated with the carcass and some
of the organs evaluated, understood as absolute weight
or as the rated weight for slaughter.
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According to the information in Table 5, it is possible to
establish that the oil source only affected the weight of
abdominal fat, and both, the level of oil inclusion and the
interaction between the source and the level of inclusion
did not have any influence on the variables analyzed.
Regarding the influence of the source, itis clear that Sacha

Gonzélez Sepiilveda CA, Giraldo Mejia AM, Oviedo Alvarez EA

inchi oil (outstanding for being high in polyunsaturated
fatty acids) led to lower abdominal fat weights, while for
the same variable, there was no difference among the
other oil sources, which were characterized by having high
contents of monounsaturated (chicken oil) and saturated
(palm oil) fatty acids.

Table 5. Effect of oil source, inclusion level, and interaction between source and inclusion level on the weight of some carcass and organ

components of broiler chickens (Values expressed in grams).

Effect Carcass  Breast Legs Fat Skin Wings Heart Gizzard Liver
Source P>0.05 P>0.05 P>0.05 P<0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
Palm 1925.17 750.39 549.78 54.88° 154.12 185.22 15.34 37.42 58.36
Chicken 1975.35  769.06 576.28 46.93 149.69 186.89 15.98 37.48 56.01
Sacha inchi 1957.02 711.44 569.22 36.48° 147.26 195.61 15.77 36.43 57.68
Inclusion level (%) P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
3 197440  756.444 527.84 48.76 153.89 202.06 15.22 38.58 59.14
6 1931.91 723.61 549.89 44.28 148.59 181.00 15.67 36.47 57.53
9 1951.23 756.44 572.72 45.28 148.59 184.67 16.21 36.29 55.38
Source*Level P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
T1 191459  735.70 540.24 58.70 166.42 204.29 14.88 38.41 61.54
T2 1929.51 732.60 557.56 59.03 151.55 166.92 15.96 35.53 54.99
T3 193143 757.90 549.80 46.52 138.46 180.25 15.10 38.56 57.23
T4 1977.49  752.50 552.85 42.16 148.53 196.24 15.43 36.86 54.96
T5 1971.03  738.00 565.51 47.38 144.24 184.56 14.87 40.56 58.26
T6 197757  786.40 593.33 50.79 149.18 174.77 17.53 34.13 53.23
T7 2031.16  728.70 607.58 44.60 138.46 196.80 1517 38.91 58.19
T8 189520  729.00 542.96 44.75 152.81 196.30 15.75 35.14 60.82
T9 194472 731.60 588.36 38.78 159.14 202.93 16.27 36.85 56.87
Slaughter weight P<0.01 P<0.01 P<0.01 P>0.05 P>0.05 P<0.01 P>0.05 P<0.01 P<0.01
Root MSE 96.37 51.51 73.84 13.43 23.83 25.68 2.66 4.60 5.94
Model P-value P<0.01 P<0.01 P<0.05 P<0.01 P>0.05 P<0.05 P>0.05 P<0.01 P<0.01

When naming some chicken organs and carcass
components such as the slaughter weight rate (Table
6), the same trend is evident as in Table 5. That is, the
oil source only affected the rate of abdominal fat weight.
Both, the level of oil inclusion and the interaction between
the source and the inclusion level, had no influence on
the variables analyzed, and Sacha inchi oil produced
carcasses with the lowest rate of abdominal fat in relation
to slaughter weight, having no difference between the
other two sources of oil evaluated.

In chicken, the content of abdominal fat is a reliable indicator
for judging body fat content. Due to this relationship, it

could be expected that the dietary fat effect could be
reflected in both abdominal and body fat (Becker et al.
1979). This effect would not only depend on the level
of oil inclusion in the diet but also the characteristics
and composition of its fatty acids. So, for Crespo and
Esteve-Garcia (2002), diets with a higher content of
polyunsaturated fatty acids lead to greater absorption of
fatty acids and energy than those containing saturated
fatty acids; however, it is possible that diets with this
type of fatty acids present greater oxidation, which could
lead to more endogenous synthesis of these acids from
carbohydrates, which would imply a higher energy cost.
Therefore, for these authors, if energy retention increases
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when diets with saturated and polyunsaturated fatty
acids are offered, energy consumption should increase
independently from fatty acid synthesis.

Although it has been stated that abdominal fat content in
chicken depends on both the level of oil inclusion in the
diet and the characteristics and composition of its fatty

acids, literature records indicate variation in the results
generated. It is important to note that most of these studies
were conducted with oils other than palm, chicken, and
Sacha inchi oils used in this study.

Crespo and Esteve-Garcia (2001) studied four oil sources
(tallow, olive oil, sunflower oil, and linseed oil), with two

Table 6. Effect of oil source, inclusion level, and interaction between source and inclusion level on the weight of some carcass and organ
components of broiler chickens (Values expressed as percentage of slaughter weight).

Effect Carcass  Breast Legs Fat Skin Wings Heart Gizzard Liver
Source P>0.05 P>0.05 P>0.05 P<0.01 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
Palm 68.98 26.63 19.53 1.952 5.46 6.58 0.55 1.33 2.07
Chicken 70.68 27.24 20.44 1.672 5.32 6.63 0.57 1.33 1.99
Sacha inchi 70.37 26.06 20.85 1.34° 5.40 717 0.58 1.33 2.13
Level of inclusion (%) ~ P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
3 70.54 26.56 20.11 1.72 5.40 7.10 0.54 1.36 2.08
6 69.41 26.19 20.01 1.59 5.38 6.62 0.57 1.32 2.10
9 70.09 27.18 20.69 1.64 5.40 6.67 0.59 1.31 2.00
Source*Level P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05
T1 68.55 26.45 18.92 2.05 5.93 7.28 0.52 1.37 2.18
T2 69.02 26.29 21.02 2.10 5.47 6.00 0.57 1.24 1.97
T3 69.39 27.15 19.67 1.70 5.00 6.48 0.55 1.39 2.07
T4 70.86 27.01 19.78 1.52 5.34 7.03 0.55 1.33 1.97
T5 69.98 26.60 20.22 1.65 5.16 6.57 0.52 1.43 2.06
T6 71.21 28.13 21.32 1.84 5.48 6.30 0.64 1.23 1.92
T7 60.78 25.20 19.45 2.15 4.16 6.35 0.71 1.47 212
T8 69.50 25.77 19.20 1.00 5.35 7.32 0.62 1.35 211
T9 69.69 26.27 21.10 1.39 5.72 7.24 0.58 1.32 2.04
MSE root 3.30 3.32 1.06 0.483 1.03 1.06 0.165 0.184 3.342
Model P-value P>0.05 P>0.05 P>0.05 P<0.05 P>0.05 P>0.05 P>0.05 P>0.05 P>0.05

'T1, T2, T3: palm oil at 3, 6 and 9%. T4, T5, T6: chicken oil at 3, 6, and 9%; T7, T8, T9: Sacha inchi oil at 3, 6, and 9%. °¢ Values with different

letters in the same column differ significantly.

levels of inclusion (6 and 10%), in males from day 21 to 42
of age and females from day 21 to 49 of age. The results
of the study showed that abdominal fat and cholesterol
content in their legs were lower in birds fed with sunflower
and linseed oils. In females, only diets with tallow or olive
oil inclusion did increase abdominal fat linked to the level of
inclusion. The results of the study suggested that oils with
polyunsaturated fatty acids produced less abdominal fat
deposition than those with saturated or monounsaturated
fatty acids, becoming a similar result as the one previously
found with the Sacha inchi study.
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Meanwhile, Ferrini et al. (2008), in their study, established
that 42-day-old chicks fed with the highest level of
polyunsaturated fatty acids diet had lower fat deposition
in the skin, both in absolute and relative weight, than those
fed with saturated diets. Moreover, the lowest abdominal
fat deposition was achieved with the linseed oil diet high
in linolenic acid; these authors concluded that chickens
fed with polyunsaturated fatty acids compared to those
fed with saturated fatty acid diets reduced fat content
in their skin and abdomen by 9 and 30%, respectively.
Villaverde et al. (2006) stated that birds fed with oils with
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unsaturated fatty acids such as sunflower and flaxseed
decreased body fat deposition compared to those fed with
saturated sources such as tallow or olive oil.

According to other studies, an effect of oil type on fat
deposition in chicken has not been reported. Griffiths et al.
(1977) evaluated the inclusion of 0, 3, 6, and 9% corn oil,
highlighted for its polyunsaturated fatty acid content, chicken
oil (monounsaturated fatty acids), and their blends in broiler
diets. These researchers found no difference in dietary
intake, but they found a difference in body weight, being
lower for the 9% inclusion. There was a significant effect
on feed conversion between 0 and 9%, but not between
sources. In line with the present work, these authors reported
no significant difference between the levels of inclusion in
the oil sources evaluated for abdominal fat weight.

In studies conducted by Pesti et al. (2002), no differences
were recorded for variables such as body weight, weight
gain, feed intake, or feed conversion factor for 39-day-old
broilers fed with diets containing chicken oil and palm oil
both at 3 and 6% inclusion. As for abdominal fat, there was
no difference associated with the level of the oil source
inclusion in the diet; but they observed less abdominal
fat deposition in birds with a diet containing chicken oil
compared to those that received a diet with soybean oil
or the mixture of these two. In this study, Sacha inchi oil
produced the least amount of abdominal fat in both absolute
and relative values. It can be established that oil sources
with a higher level of polyunsaturated fatty acids, such as
Sacha inchi oil, produce less abdominal fat compared to
saturated sources such as palm oil. Opposite to this result,
Scaife et al. (1994) reported no differences in the abdominal
fat weight in birds that were fed between days 19 to 52 of
age using diets with 5% inclusion of saturated fats such as
tallow and unsaturated fats such as soybean oil, rapeseed
oil, seafood oil and mixtures of these in a ratio of 50:50
and weight to weight. Duarte et al. (2010) established that
bovine tallow, chicken oils, degummed soybean oil, and the
mixtures of these oils with tallow and oil, provided in broiler
diets, did not influence carcass yield, cuts, and the amount
of abdominal fat. These results are in line with those from
Crespo and Esteve-Garcia (2002) and Laral et al. (2006).

Firman et al. (2008) reported no difference in performance
variables (total or phased consumption of total diet, weight

gain, feed conversion), nor in the weight of the hot carcass,
leg, wing, breast and abdominal fat among the fat sources
evaluated (yellow fat, vegetable oil/animal fat blend,
soybean oil, chicken oil, pork fat and beef tallow) provided
atthe same inclusion level (3%) to Cobb chickens between
the day of hatch and seven weeks of age.

Laral et al. (2006) evaluated the effect of soybean
degummed oil, poultry viscera oil, acid soybean oil, a
mixture of 50% soybean oil and 50% viscera oil, and a
mixture of 50% soybean oil and 50% acid soybean oil on
the performance, the breast, leg, and carcass composition,
and fatty acid profile carcass in broiler chickens. The
results were consistent considering that there was no
difference between the oils evaluated for carcass and cut
performance, crude protein, moisture, and fat content in
the carcass and the leg and breast muscles. The situation
was different in the fatty acid composition of the tissues
analyzed. The carcass of birds fed with viscera oil had
a higher rate of monounsaturated fatty acids, and the
polyunsaturated fatty acids deposition was affected by
the source of oil used in the diet.

CONCLUSIONS

The results of this experiment suggest that there was
no consistency in the effects of the evaluated oil source,
the level of oil inclusion in the diet, and the interaction
between these two sources on the variables of dietary
intake, weight gain, and conversion of the diet in the
periods established for the evaluation.

In the variables of the carcass and some organs of the
birds, the deposition of abdominal fats was the only aspect
affected by the source. Sacha inchi oil, noted for being
high in polyunsaturated fatty acids, promoted carcasses
with a lower rate of abdominal fat in relation to slaughter
weight, with no difference between palm and chicken oils.
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