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ABSTRACT There is a trend to use more alternative
lipids in poultry diets, either through animal-vegetable
blends, distillers corn oil, or yellow grease. This has re-
sulted in the use of lipids in poultry diets with a higher
concentration of unsaturated fatty acids, which have
a greater potential for peroxidation. The objective of
this experiment was to determine the effects of perox-
idized corn oil on broiler performance, dietary AMEn,
and abdominal fat pad weight. The same refined corn
oil sample was divided into 3 subsamples, 2 of which
were exposed to different peroxidative processes. The
3 diets contained the unperoxidized corn oil (UO), a
slowly peroxidized corn oil (SO; heated for 72 h at
95◦C with compressed air flow rate of 12 L/min), or
a rapidly peroxidized corn oil (RO; heated for 12 h
at 185◦C with compressed air flow rate of 12 L/min).
Diets were fed from 0 to 14 d of age with each lipid

fed at a 5% inclusion rate, continuing on from 15 to
27 d of age with each lipid fed at a 10% inclusion rate.
There were 6 Ross 708 broiler chicks per cage with
10 replicates for each of the 3 dietary treatments. Ab-
dominal fat pad and excreta collection was performed
on d 27. Body weight gain, feed intake and feed effi-
ciency were measured for the 0 to 14 and 0 to 27 d
periods. The increased level of peroxidation reduced
AMEn in broiler diets (UO = 3,490 kcal/kg; SO =
3,402 kcal/kg; RO = 3,344 kcal/kg on an as-is basis;
SEM = 12.9, P ≤ 0.01). No significant treatment dif-
ferences were observed among oil supplemented birds
for BW gain, feed intake, feed efficiency, or abdomi-
nal fat pad weight. In conclusion, corn oil peroxida-
tion status resulted in a decrease in dietary AMEn, but
had minimal effects on broiler performance or fat pad
weights.
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INTRODUCTION

Dietary energy is a major cost component in feed for-
mulation with lipids added to diets due to of their en-
ergy density. Sources of lipids include refined oils, ren-
dered animal fats, acidulated soap stocks, and yellow
grease to name a few. In addition, improved extrac-
tion technologies in the ethanol industry has allowed
for the increased removal of corn oil from dried dis-
tiller’s grains with solubles resulting in increased avail-
ability of distillers corn oil (Singh and Cheryan, 1998;
Winkler-Moser and Breyer, 2011; Kim et al., 2013).
However, lipids high in polyunsaturated fatty acids such
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as corn oil are sensitive to peroxidation (Holman, 1954;
Liu et al., 2014) where it has been shown that con-
sumption of peroxidized lipids have the potential to ad-
versely affect broiler performance (Cabel et al., 1988;
Engberg et al., 1996), physiological oxidative status
(Dibner et al., 1996; Zhang et al., 2011), and lipid de-
position (Lin et al., 1989; Sheehe et al., 1994; Pesti
et al., 2002). In a review of the literature Hanson (2014)
reported that overall responses for pigs and broilers
fed diets with peroxidized lipids had an 11% reduction
in daily gain, 7% reduction in daily feed intake, and
a 4% reduction in feed efficiency relative to animals
fed diets with unperoxidized lipids. Dietary peroxide
value (PV) was negatively correlated with gain in broil-
ers, but other measures of lipid peroxidation were not
measured making correlations to other measures of lipid
peroxidation impossible.

The objective of this experiment was to determine the
effects of slowly (SO) and rapidly peroxidized (RO)
corn oil versus unperoxidized (UO) corn oil in diets
fed to broilers on bird performance, dietary AMEn, and
abdominal fat pad deposition.
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MATERIALS AND METHODS

Animals and Housing

The Institutional Animal Care and Use Commit-
tee at Iowa State University (Ames, IA) approved
the experimental protocol. Commercial Ross × Ross
708 hatching-day male broiler chicks (Aviagen Group,
Huntsville, AL) were procured from a local commer-
cial hatchery. The experimental unit consisted of a cage
of 6 broiler chicks with 10 replicates for each of the 3
treatments. On arrival, chicks were individually wing
banded, weighed and sorted for placement into battery
cages (Petersime Incubator Co., Gettysburg, OH) with
an equal BW (treatment initial body weight was be-
tween 41.8 and 42.8 g/chick: P = 0.31) at a density
of 567 cm2/bird. Birds were supplied with continuous
light and supplemental heat was provided from brood-
ers in the battery cages. The initial house temperature
was set at 29◦C, reduced by 2.5◦C per week until 21◦C
was attained. Birds had ad libitum access to experi-
mental diets and water for the duration of the 27 d
experimental period. Treatments were applied to cages
in completely randomized design.

Diets

Formulation of the basal diet met or exceeded breeder
recommendations (Ross Nutritional Supplement, 2012;
Aviagen Group, Huntsville, AL) of the broiler chicks
with the caloric energy formulation based on UO re-
fined corn oil values. Titanium dioxide marker was in-
cluded at 0.25% for AMEn calculation (Leone, 1973).
Diets were formulated to contain an UO, SO, or
RO corn oil treatment (Table 1). The SO treatment
was generated by heating refined corn oil at 95◦C
for 72 h while the RO treatment was generated by
heating refined corn oil at 185◦C for 12 hr, with
both heating process accompanied by bubbling air
into the heating vessel at a flow rate of 12 L/min
(Table 2). To acclimate the birds to the higher than
normal level of corn oil in the experimental diets, birds
were fed at a 5% inclusion rate from 0 to 14 d of age
and 10% from 15 to 27 d of age (Table 1). The increased
oil inclusion rates used were higher than typical com-
mercial oil additions for broiler chickens, but were used
to maximize the opportunity to detect differences in di-
etary AMEn among the oil treatments. The heat treat-
ment of the corn oil (UO, SO, and RO) was the only
difference between the treatment diets.

Data Collection

Broiler chicks were monitored twice daily over the
duration of the experiment. The birds were individually
weighed on d 0, 14, and 27 and BW gain was calculated
over the 0 to 14 and 0 to 27 d periods. Feed disappear-
ance was measured on d 14 and 27 to calculate d 0 to
14 and d 0 to 27 period feed intakes. Feed efficiency was

Table 1. Composition of basal broiler diets con-
taining unheated, slowly heated, or rapidly heated
5% (0 to 14 d) and 10% (15 to 27 d) corn oil.

Ingredient, % 0 to 14 d 15 to 27 d

Corn 54.79 55.93
Soybean meal, 48% CP 33.72 27.86
Meat and bone meal 2.50 2.50
Corn oil1 5.00 10.00
Sodium chloride 0.40 0.40
DL-Met, 99% 0.32 0.27
L-Lys, 50% 0.35 0.30
L-Thr, 98.5% 0.06 0.04
Dicalcium phosphate 1.18 1.02
Limestone 0.70 0.70
Choline chloride, 60% 0.10 0.10
Vitamin premix2 0.63 0.63
Titanium dioxide 0.25 0.25

Calculated composition
Metabolizable energy, kcal/kg 3,232 3,561
Crude protein, %3 22.5 19.7
Ether extract, %4 7.8 12.8
Digestible TSAA, % 0.92 0.81
Digestible Lys, % 1.26 1.08
Digestible Thr, % 0.82 0.70

1Refined corn oil was unheated, slowly heated at 95◦C
for 72 hr, or rapidly heated at 185◦C for 12 hr; each heat
treatment accompanied with 12 L/m air flow.

2Provided per kg of diet: vitamin A, 8,250 IU; vitamin
D3, 2,750 IU; vitamin E, 17.9 IU; menadione, 1.1 mg;
vitamin B12, 12 μg; biotin, 41 μg; choline, 447 mg; folic
acid, 1.4 mg; niacin, 41.3 mg; pantothenic acid, 11 mg;
pyridoxine, 1.1 mg; riboflavin, 5.5 mg; thiamine, 1.4 mg;
Cu, 27.5 mg; Fe, 282 mg; I, 844 μg; Mg, 125 mg; Mn,
275 mg; Se, 250 μg; Zn, 275 mg.

3Crude protein analyzed 21.2, 21.1, and 21.5% for
the unheated, slowly heated, and rapidly heated treat-
ments, respectively, for the 0 to 14 d diets and 19.5, 19.6,
and 19.5% for the unheated, slowly heated, and rapidly
heated treatments, respectively, for the 15 to 27 d diets.

4Ether extract analyzed 6.8, 4.4, and 5.5% for the un-
heated, slowly heated, and rapidly heated treatments,
respectively, for the 0 to 14 d diets; and 10.2, 8.5, and
8.3% for the unheated, slowly heated, and rapidly heated
treatments, respectively, for the 15 to 27 d diets.

Table 2. Characterization of corn oil.

Lipid peroxidation status1

Item Unheated Slow Rapid

Fatty acid, % of total fat
C16:0 11.5 12.5 11.2
C16:1 0.1 0.1 0.1
C18:0 1.1 2.1 1.6
C18:1 29.8 32.1 27.1
C18:2 53.9 50.6 49.3
C18:3 1.0 0.8 0.7
Free fatty acids, % 0.3 1.0 0.5
Moisture, % 0.2 0.5 0.2
Impurities, % ND ND ND
Unsaponifiables, % 1.7 ND 1.5
Peroxide value, mEq/kg 1.7 134.9 5.7
TBARS2, mg MDA eq/kg 9.0 19.0 26.7
p-anisidine value3 5.3 150.0 138.0
Hexanal, μg/g 1.5 3.9 5.9
Oxygen stability index, h 10.8 1.7 2.2

1Refined corn oil was unheated, slowly heated at 95◦C
for 72 hr, or rapidly heated at 185◦C for 12 hr; each heat
treatment accompanied with 12 L/m air flow.

2Thiobarbituric acid reactive substances.
3There is no unit of measure for anisidine value.
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corrected for mortality and reported as g BW gain per
kg feed intake. Excreta collection pans located under
the raised-wire cages were cleaned of all excreta, feed,
and feathers on d 26 and fresh excreta were collected
on d 26 and 27 for AMEn determination. At the end of
the experiment, d 27, all remaining broilers were eutha-
nized via carbon dioxide asphyxiation. An incision was
made into the abdominal cavity of each bird to allow
access to the abdominal fat pad for removal and im-
mediate wet weight determination. The removal of the
abdominal fat pad was completed by a single individual
to reduce variation in the collection process.

Chemical Analysis

Corn oil samples were analyzed for fatty acid profile
(methods Ce 2–66; AOCS, 2009 and 996.06; AOAC,
2010), free fatty acids (method Ca 5a–40; AOCS,
2009), moisture (method Ca 2c–25; AOCS, 2009), im-
purities (method Ca 3a–46; AOCS, 2009), unsaponifi-
ables (method Ca 6a–40; AOCS, 2009), peroxide value
(method Cd 8–53; AOCS, 2009), thiobarbituric acid re-
active substances, (TBARS, modified method Cd 19–
90; AOCS, 2009; using malonaldehyde as a standard
as described by Pegg, 2001), and hexanal (Elisia and
Kitts, 2011) at the University of Missouri Agricultural
Experiment Station Chemistry Laboratory (AESCL,
Columbia, MO). The p-ansidine value (method Cd 18–
90; AOCS, 2009) and oxidative stability index at 110◦C
(method Cd 12b–92; AOCS, 2009) were determined at
Barrow-Agee Laboratories (Memphis, TN).

Feed samples were ground through a 0.5-mm screen
and subsequently dried for 24 h at 100◦C for DM deter-
mination. Pooled excreta samples were dried at 75◦C
in a convection oven for 3 d and subsequently ground
through a 1.0-mm screen. Ether extract content of
the feed samples was determined by Soxhlet extrac-
tion using diethyl ether at the University of Missouri
Agricultural Experiment Station Chemistry Labora-
tory (method 920.39; AOAC, 2010; AESCL, Columbia,
MO). For the feed and excreta samples, N concentration
was determined by thermocombustion (TruMac N An-
alyzer, LECO Corp., St. Joseph, MI), GE determined
using an adiabatic oxygen bomb calorimeter (Parr In-
strument Co., Moline, IL), and Ti concentration were
determined using the method outlined by Leone (1973).
All samples of excreta and feed were analyzed in dupli-
cate. The diet AMEn determination was calculated as:
AMEn = GEDiet − (GEExcreta × TiDiet ÷ TiExcreta) −
8.22 × (NDiet − NExcreta × TiDiet ÷ TiExcreta).

Statistics

The experimental unit was defined as a cage of 6
birds and data were analyzed using the GLM proce-
dure of SAS (SAS Institute Inc., Cary, NC) with means
reported as LSMeans. Fisher’s LSD test was used to
separate treatment means if significance was detected

(P ≤ 0.05). In addition, the overall effect heating (SO
and RO) was compared to the unheated lipid, UO,
using a contrast statement.

RESULTS AND DISCUSSION

Lipid peroxidation is a complex process that is af-
fected by several factors including the degree of lipid
saturation, temperature, presence of oxygen, and con-
tamination with transition metals, undissociated salts,
or water (Frankel, 2005; Schaich, 2005). The process
of lipid peroxidation is classically broken down into 3
phases, which include initiation, propagation, and ter-
mination, with each step “consuming” and “producing”
primary, secondary, and tertiary compounds, respec-
tively (Belitz et al., 2009). Because there is no single
method accepted by the livestock community that ad-
equately characterizes or predicts the peroxidation sta-
tus of a lipid, we chose to analyze several compounds
that represent a compound from each of these peroxi-
dation phases and the remaining peroxidation poten-
tial. Peroxide value represented the initiation phase,
TBARS and p-anisidine value representing the prop-
agation phase, hexanal representing the termination
phase, and oil stability index representing the remain-
ing peroxidation potential. As shown in Table 2, there
was a slight reduction in the relative concentration of
C18:2 and C18:3; and slight increase in the relative
concentration of C18:0 due to heating of the corn oil
(SO and RO) relative to the unheated corn oil. This is
not surprising given that the susceptibility of a lipid to
peroxidation is directly related to the number of dou-
ble bonds (Holman, 1954) and can subsequently affect
fatty acid composition (Choe and Min, 2007). The SO
and RO heating processes had a large impact on the
peroxidation status of the corn oil as indicated by their
elevated PV, TBARS, p-anisidine, and hexanal values,
and the reduction in their oxygen stability index. This
was expected and similar to other recent research on
corn oil (Liu et al., 2014).

Regardless of the increased peroxidation of corn oil
by either the SO or RO heating process, there were
no significant differences observed for BW gain, feed
intake, or feed efficiency for the 0 to 14 or 0 to 27 d pe-
riod (Table 3). Averaged across both heating processes,
lipid peroxidation reduced BW gain by 4.0% (P = 0.05),
feed intake by 1.8% (P = 0.34), and feed efficiency by
2.4% (P = 0.11) compared to birds fed the unheated
corn oil control from d 0 to 14. From d 0 to 27, lipid
peroxidation reduced BW gain by 3.4% (P = 0.11), feed
intake by 1.2% (P = 0.49), and feed efficiency by 2.2%
(P = 0.05) compared to birds fed the unheated corn
oil control. In a review of the literature on experiments
that measured growth performance in broilers, Hanson
(2014) indicated that the magnitude of reduction from
feeding diets with peroxidized lipids relative to diets
with unperoxidized lipids was 11.1% for BW gain and
6.6% for feed intake. Our results were less than these
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Table 3. Performance of broiler chickens fed diets containing unheated, slowly heated, or rapidly heated 5%
(0 to 14 d) and 10% (15 to 27 d) corn oil.

0 to 14 d1 0 to 27 d

Corn oil2 BW gain, g/bird Feed intake, g/bird G:F BW gain, g/bird Feed intake, g/bird G:F

Unheated 362 461 787 1,071 1,506 711
Slow 346 448 774 1,032 1,478 699
Rapid 349 457 763 1,037 1,497 692
SEM 5.9 6.7 8.8 17.7 21.3 5.9
Model P-value 0.14 0.38 0.19 0.27 0.65 0.11
Contrast P-value3 0.05 0.34 0.11 0.11 0.49 0.05

1Gain and feed intake reported on a g/bird basis. Gain:feed reported as g of BW gain per kg of feed consumed.
2Refined corn oil was unheated, slowly heated at 95◦C for 72 hr, or rapidly heated at 185◦C for 12 hr; each heat treatment

accompanied with 12 L/m air flow.
3Contrast of unheated, UO, versus heated, SO and RO, corn oil. For each treatment there were 10 pens per treatment

with 6 birds per pen.

values, but reflect the same directional impact on bird
performance.

Supplementation of 10% peroxidized corn oil reduced
the dietary AMEn (P < 0.01) compared to birds fed the
UO corn oil (Figure 1). Birds fed the diet containing UO
corn oil resulted in a dietary AMEn of 3,490 kcal/kg,
with birds fed the diet containing the RO corn oil re-
sulting in a dietary AMEn of 3,344 kcal/kg, with birds
fed the SO corn oil resulting in an intermediate AMEn
of 3,402 kcal/kg. On average, the heating of corn oil by
the SO or RO process reduced dietary AMEn by 3.4%
(P < 0.01). The slight change in corn oil composition
(Table 2) may be partially responsible for the reduced
ability of the broilers to metabolize and utilize energy
from the peroxidized oils to the same capacity as the
unheated oil as reflected in the lower C18:2 and C18:3,
or total PUFA, content compared to the UO corn oil. In
addition, both SO and RO corn oil had greater primary,
secondary, and tertiary oxidation values that would in-
crease the oxidative stress on the animal, which may

impact the dietary AMEn values (Engberg et al., 1996).
The fact that the reduction in AMEn did not affect per-
formance was not unexpected as it has been shown that
small differences in lipid energy values can be difficult
to demonstrate an impact on bird performance (Pesti
et al., 2002; Firman et al., 2008).

Differences in AMEn should affect the ability of birds
to utilize and store the energy from their feed (Pesti
et al., 2002), and this was indeed the case, albeit dif-
ferences in abdominal fat pad weights were not sig-
nificantly different among treatments (Figure 2). On
average, birds fed the peroxidized corn oil treatments
had abdominal fat pads that were 9.7% lighter than
that of birds fed the UO corn oil treatment (P = 0.08),
suggesting an impact on lipid digestion or utilization in
the body. Due to excreta collection, birds were housed
in grower batteries that prohibited determination of
performance and abdominal fat pad weight at older ages
where cumulative effects may have become significant.
However, it is worthy to note that Engberg et al. (1996)

Figure 1. Broiler AMEn (kcal/kg) of diets (as-is basis) containing 10% (15 to 27 d) refined unheated (UO), slowly heated at 95◦C for 72 hr
(SO), or rapidly heated at 185◦C for 12 hr (RO) corn oil, with each heat treatment accompanied with 12 L/m air flow. Excreta samples collected
on d 26 to 27 of the experiment to determine AMEn. Columns are mean values of 10 pens per treatment with 6 birds per pen and bars are defined
as the overall pooled SEM (12.9). a–cSuperscript values without common letters are significantly different (P ≤ 0.05). Contrast of unheated, UO,
versus heated, SO and RO, corn oil; P < 0.01.
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Figure 2. Abdominal fat pad (AFP) weight (g/bird) of broilers, collected on d 27, feed diets containing 5% (0 to 14 d) and 10% (15 to 27 d)
refined unheated (UO), slowly heated at 95◦C for 72 hr (SO), or rapidly heated at 185◦C for 12 hr (RO) corn oil, with each heat treatment
accompanied with 12 L/m air flow. Columns are mean values of 10 pens per treatment with 6 birds per pen and bars are defined as the
overall pooled SEM (0.68) for AFP weight. Overall treatment P-value was 0.15. Contrast of unheated, UO, versus heated, SO and RO, corn oil;
P = 0.08.

showed that intake of peroxidized vegetable oil caused
a reduction in whole body lipid and energy retention
when birds were fed for 28 d.

It is worthy to note that in the review by Hanson
(2014), that dietary PV had the highest negative cor-
relation to BW gain. Pesti et al. (2002) also reported
correlations between various measures of lipid quality
(active oxygen method, iodine value, initial PV, mois-
ture plus insolubles plus unsaponifiables, and free fatty
acids) and bird performance, but measures of lipid per-
oxidation are not independent of the fatty acid compo-
sition of the lipid (Liu et al., 2014), and therefore lipid
peroxidation correlations to animal performance when
evaluated across lipids with differing fatty acid compo-
sition, must be viewed with caution. In the current ex-
periment, the lowest dietary AMEn was noted with the
RO corn oil was which had a lower PV compared to the
SO corn oil. We have no explanation for this apparent
discrepancy, but this supports the concept that the nu-
merous lipid peroxidation compounds generated during
the peroxidation process may have differing effects on
lipid metabolism (Liu et al., 2014). This implies that a
single peroxidation variable may be inadequate in deter-
mining the “true” peroxidation status of a lipid relative
to animal performance and their oxidative status (Liu
et al., 2014). Consequently, a multivariate analysis, such
as TOTOX, which encompasses both primary and sec-
ondary products of lipid peroxidation (TOTOX = [2 ×
PV] + p-anisidine), may be more predictive of the per-
oxidation status of a lipid (List et al., 1974; Shahidi and
Wanasundara, 2008). It is important to note, however,
that even this calculated value does not include tertiary
lipid peroxidation compounds such as 2, 4-decadienal or
4-hydroxynonenal, both of which are known to damage
DNA (Seppanen and Csallany, 2002; Wu et al., 2001;
Zarkovic, 2003).

Overall, the data indicate that corn oil with oxida-
tive damage results in a lower dietary AMEn value when
included at 10% in the diet. This lower caloric availabil-
ity should be taken into account for commercial broiler

ration formulations as it may affect bird performance
and lipid deposition as well. A larger more encompass-
ing study is deemed necessary to solidify the impact
of lipid peroxidation on bird performance, whole body
lean and lipid accretion rates, and measures of oxida-
tive status. In addition, a comprehensive list of lipid
peroxidation measures are also necessary to determine
which measure or measures should be put into a model,
independent of the FA composition of the lipid, to ac-
curately characterize and quantify the “true” peroxida-
tion status of a lipid to growing broilers.
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