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INTRODUCTION 

 

Dietary lipids provide an important high density source 

of energy to increase the metabolizable energy of poultry 

diets. The high content of unsaturated fatty acids in 

vegetable oils makes them prone to oxidation with the 

generation of lipid peroxides, especially when they are used 

for animal production in hot climates. Lipid peroxides with 

complex components can damage macromolecules, such as 

DNA, proteins, and membrane lipids. Some components of 

lipid peroxides, for example, 4,5(E)-epoxy-2(E)-heptenal 

(EH) can react with L-lysine and damage proteins (Rosario 

and Hidalgo, 1994). 4,5-epoxy-2-alkenals can react with 

phenylalanine and cause strecker-type degradation of amino 

acids (Hidalgo and Zamora, 2004). Autoxidized methyl 

linoleate can decrease DNA synthesis in thymocytes 

(Oarada et al., 1989). Animals consuming oxidized lipids 

suffered a wide array of biological consequences, such as 

decreased feed utilization and performance (Takahashi and 

Akiba, 1999; Tavárez et al., 2011), oxidative stress and 

tissue lipid oxidation (Boler et al., 2012; Liu, 2012) and, 

most strikingly, adverse effects on redox indices and shelf 

life of meat (Bou et al., 2005; Zhang et al., 2011). This 

manifested in malondialdehyde (MDA) content (Ringseis et 

al., 2007; Shafaeizadeh et al., 2011), reduced activities of 

antioxidant enzymes (David et al., 2010; Zümrüt et al., 

2011), and elevated transcript levels of oxidative stress-

responsive genes (Varady et al., 2011; Awada et al., 2012).  
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ABSTRACT: This study investigated the effect of oxidized soybean oil in the diet of young chickens on growth performance and 

intestinal oxidative stress, and indices of intestinal immune function. Corn-soybean-based diets containing 2% mixtures of fresh and 

oxidized soybean oil provided 6 levels (0.15, 1.01, 3.14, 4.95, 7.05, and 8.97 meqO2/kg) of peroxide value (POV) in the diets. Each 

dietary treatment, fed for 22 d, had 6 replicates, each containing 30 birds (n = 1,080). Increasing POV levels reduced average daily feed 

intake (ADFI) of the broilers during d 1 to 10, body weight and average daily gain at d 22 but did not affect overall ADFI. 

Concentrations of malondialdehyde (MDA) increased in plasma and jejunum as POV increased but total antioxidative capacity (T-AOC) 

declined in plasma and jejunum. Catalase (CAT) activity declined in plasma and jejunum as did plasma glutathione S-transferase (GST). 

Effects were apparent at POV exceeding 3.14 meqO2/kg for early ADFI and MDA in jejunum, and POV exceeding 1.01 meqO2/kg for 

CAT in plasma and jejunum, GST in plasma and T-AOC in jejunum. Relative jejunal abundance of nuclear factor kappa B (NF-κB) P50 

and NF-κB P65 increased as dietary POV increased. Increasing POV levels reduced the jejunal concentrations of secretory 

immunoglobulin A and cluster of differentiation (CD) 4 and CD8 molecules with differences from controls apparent at dietary POV of 

3.14 to 4.95 meqO2/kg. These findings indicated that growth performance, feed intake, and the local immune system of the small 

intestine were compromised by oxidative stress when young broilers were fed moderately oxidized soybean oil. (Key Words: Oxidized 

Soybean Oil, Yellow-feathered Broilers, Oxidative Stress, Intestinal Immunity) 
 

Copyright ©  2015 by Asian-Australasian Journal of Animal Sciences  
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/),  

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. 

* Corresponding Author: Shouqun Jiang. Tel: +86-20-61368865, 

Fax: +86-20-38765373, E-mail: jsqun3100@hotmail.com 
1 Guangdong Public Laboratory of Animal Breeding and 

Nutrition, Institute of Animal Science, Guangdong Academy of 

Agricultural Sciences, Guangzhou 510640, China. 
2 Guangxi Research Center for Population and Family Planning, 

Nanning 530021, China. 

Submitted Dec. 9, 2014; Revised Feb. 2, 2015; Accepted Feb. 16, 2015 

http://link.springer.com/search?facet-author=%22Francisco+J.+Hidalgo%22
http://creativecommons.org/licenses/by-nc/3.0/
mailto:jsqun3100@hotmail.com


Liang et al. (2015) Asian Australas. J. Anim. Sci. 28:1194-1201 

 

1195 

The intestinal mucosa is directly exposed to oxidized 

fatty acids of dietary origin and this tissue readily 

experiences redox imbalances and oxidative stress after the 

ingestion of large amounts of oxidized fat (Wijeratne and 

Cuppett, 2007; Awada et al., 2012). As the first line of 

defense, the intestines with abundant gut-associated 

lymphoid tissues (GALTs) and lymphocytes play an 

important role in immune defense. The immune response in 

the intestinal tract is complex and is impaired by any 

damage to the mucosal barrier. When oxidative stress of the 

intestines caused by oxidized fat occurs, its immune 

competence and responsiveness may be compromised by 

the peroxides they contain. The importance and 

mechanisms of intestinal damage and immune dysfunction 

in young broiler chicks from partially oxidized lipids are 

unclear. It was hypothesized that consumption of oxidized 

soybean oil and oxidative stress in young chicks would 

compromise the transcripts of cytokines involved in 

immune reactions and the concentrations of Ig, cluster of 

differentiation (CD) 4 and CD8 molecules.  

 

MATERIALS AND METHODS 

 

Preparation of the oxidized soybean oil 

Fresh soybean oil was heated in water baths to 60°C for 

82 d with continuous aeration. Peroxide value (POV) was 

determined in triplicate by the iodometric (visual) endpoint 

method (ISO. 3960, 2007). The POV of the fresh soybean 

oil was 7.58 meqO2/kg and oil, oxidized as above, was 

448.49 meqO2/kg. Oxidized oil was mixed with fresh oil to 

prepare soybean oil with a range of POV (7.58 to 448.50 

meqO2/kg) and stored at –20°C until it was used preparing 

the diets.  

 

Birds, diets, and management  

Animal management and experimental procedures 

followed Chinese government guidelines and were 

approved by the Animal Care and Use Committee of 

Institute of Animal Science, Guangdong Academy of 

Agricultural Sciences. A total of 1,080 1-d-old Lingnan 

yellow male chicks were weighed and randomly assigned to 

36 floor pens (1.35 m×1.55 m). Each pen contained 30 

chicks, and the 36 pens were assigned to the 6 treatment 

groups, each with 6 replicates. All chicks were fed the same 

corn-soybean-based diet, but with differing final POV from 

the addition of 20 g/kg of the 6 pre-blended soybean oil 

mixtures. The final POVs in the diets were 0.15 (basal, 

control), 1.01, 3.14, 4.95, 7.05, and 8.97 meqO2/kg mixed 

feed. Once prepared, the diets were held in sealed 

containers at 4°C for the 22-d duration of the experiment. 

The nutrient levels (Table 1) were based on the National 

Research Council requirements for broiler chicks (NRC, 

1994). The diets and water were provided ad libitum. All 

chicks were weighed on d 1, 10, and 22 and feed 

consumption per pen was recorded daily. Growth 

performance was calculated for 1 to 10 d, and 1 to 22 d as 

average daily gain (ADG), average daily feed intake 

(ADFI), and feed intake/gain (F/G), with adjustment for 

mortality. 

 

Sample collection 

On the morning of d 22, 2 chicks per pen were selected 

at random (other than for excluding outliers in body weight 

[BW]) for blood sampling and slaughter. Blood (8 mL) was 

taken from a wing vein into vacutainers containing 

ethylenediaminetetraacetic acid. After centrifugation at 

2,500×g for 10 min at 4°C, plasma was stored at –80°C. 

Chicks were then euthanized by approved methods and the 

jejunum was rapidly excised and flushed with ice-cold 

phosphate-buffered saline (PBS). About a 2 cm portion of 

the jejunum was snap-frozen in liquid nitrogen for RNA 

isolation. The remaining jejunum was opened length-wide 

on an ice-cooled surface and the mucosa was gently scraped 

off and snap-frozen in liquid nitrogen for determining MDA 

and antioxidant indices. The samples, jejunum and mucosa, 

were stored at –80°C until analysis. 

Mucosal samples and jejunum (100 mg) were 

homogenized in 1 mL of 1×PBS (15,000 rpm for 2 min at 

Table 1. Composition of the diets, as fed basis 

Items % 

Ingredients  

Maize (corn) 56.5 

Soybean meal 35.3 

Fish meal 2.0 

Soybean oil1
 2.0 

Limestone 1.3 

Dicalcium phosphate 1.5 

DL-methionine 0.15 

Salt 0.25 

Vitamin-mineral premix2
 1.0 

Total 100 

Chemical composition  

Metabolizable energy (MJ/kg) 12.16 

Crude protein 21.08 

Calcium 1.02 

Nonphytate phosphorus 0.45 

Lysine 1.15 

Methionine+cysteine 0.85 
1 Peroxide value of the soybean oil varied between the 6 diets. 
2 Supplied per kilogram of diet: vitamin A (trans-retinyl acetate), 5,000 

IU; vitaminD3, 1,000 IU; vitamin E (DL-α-tocopherol acetate), 10 IU; 

vitamin K3, 0.5 mg; riboflavin, 3.6 mg; niacin, 30 mg; pantothenic acid, 

10 mg; 50% choline chloride, 1,200 mg; cobalamin,10 μg; biotin, 0.15 

mg; folic acid, 0.55 mg; FeSO4 
.7H2O, 280.7 mg; MnSO4

.H2O, 266.67 

mg; CuSO4
.5H2O, 32 mg; ZnSO4

.H2O, 176.47 mg; NaSeO3, 0.15 mg; KI, 

0.5 mg. The carrier was zeolite. 
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4°C) using a tissue grinder and centrifuged (5,000×g for 5 

min at 4°C) and held overnight at –20°C, subjected to two 

freeze-thaw cycles and re-centrifuged. The supernatants 

were assayed immediately or the aliquots were stored at –

20°C or –80°C and, after thawing, were re-centrifuged, as 

above. The mucosal supernatants were analyzed for 

contents of MDA and antioxidant indices were measured in 

mucosal supernatants and secretory immunoglobulin A 

(SIgA), CD4, and CD8 molecules were quantified in jejunal 

extracts.  

 

Malondialdehyde and antioxidant indices in plasma and 

jejunal mucosa 

The concentrations of MDA in plasma and jejunal 

mucosa were assayed with thiobarbituric acid method. 

Activities of total antioxidative capacity (T-AOC), total 

superoxide dismutase (T-SOD), catalase (CAT), and 

glutathione S-transferase (GST) were measured 

colorimetrically at appropriate dilutions in triplicate with 

assay kits (Nanjing Jiancheng Insititute of Bioengineering, 

Nanjing, P. R. China).  

 

Immunoglobulin in plasma and jejunum 

The concentrations of immunoglobulin A (IgA) and IgG 

in plasma and SIgA in jejunal extracts were measured 

colorimetrically, through the antigen-antibody reaction, 

instrument measured absorbance in the 450 nm wavelength 

with enzyme-linked immunosorbent assay (ELISA) kits 

(Cusabio Biotech Co. Ltd., Wuhan, P. R. China).  

 

Cluster of differentiation 4 and cluster of differentiation 

8 molecules in jejunum 

Concentrations of CD4 and CD8 molecules in jejunal 

extracts were assayed colorimetrically, through the antigen-

antibody reaction, instrument measured absorbance in the 

450nm wavelength with ELISA kits (Cusabio).  

 

RNA isolation and real-time polymerase chain reaction 

analysis 

Total RNA of the jejunum was isolated using Trizol 

according to the manufacturer’s instructions and the 

quantity and quality were assessed by OD260:280. DNA 

elimination and reverse-transcription of total RNA (2 μg) 

was performed using the PrimeScript®  RT reagent Kit with 

gDNA Eraser (Takara Biotechnology Co., Ltd., Dalian, 

China). Quantitative real-time polymerase chain reaction 

(RT-PCR) was performed using a BIO-Rad CFX 96 

instrument and SYBR Premix Ex TagII (Tli RNaseH Plus) 

(Takara Biotechnology Co., Ltd., Dalian, China) with 

glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

serving as the endogenous control gene. Each 20 μL real-

time PCR reaction contained 10 μL of SYBR Premix Ex 

Tag II (Tli RNaseH Plus)(2×), 0.8 μL of PCR Forward 

Primer (10 μM), 0.8 μL of PCR Reverse Primer (10 μM), 

0.4 μL of ROX Reference Dye (50×), 2.0 μL of the cDNA 

product, 6.0 μL of ddH2O. According to the reported mRNA 

sequences from GeneBank, the primers of genes related to 

intestinal immunity and oxidative-stress response were 

designed by bio-software primer premier 5.0. The primers 

are given in Table 2. Quantitative RT-PCR reactions for 

each sample were performed (95°C enzyme activation step 

for 30S, 40 cycles 95°C denaturation step for 5S, 56°C to 

63°C annealing/elongation step for 30S, 95°C denaturation 

step for 10S, and followed by melt-curve analysis 

performed from 65°C to 95°C, using 0.5°C temperature 

increments with 5S hold in each step) in triplicate. The 

transcript abundance of genes was quantified and relative 

expression was calculated using the 2–ΔΔCt method. After 

normalization to GAPDH, the fold-change of each gene was 

then expressed relative to the average of the measurements 

Table 2. Primer pairs of chicken genes related to intestinal immunity and oxidative stress 

Target gene Accession Sequence of primers2 Length/bp TA (°C) 

GAPDH NM_204305 F:5’-ACATCATCCCAGCGTCCA-3’ 189 58 

R:5’-CATCAGCAGCAGCCTTCAC-3’ 

IL-4 NM_001007079 F:5’-GAGAGGTTTCCTGCGTCAAGAT-3’ 114 60 

R:5’-AGTGCTGGCTCTCCCAAACA-3’ 

IL-6 NM_204628 F:5’-GAAATCCCTCCTCGCCAATC-3’ 107 61 

R:5’-CCCTCACGGTCTTCTCCATAAAC-3’ 

TNF-α NM_204267 F:5’-GAAGCAGCGTTTGGGAGTG-3’ 203 58 

R:5’-GTTGTGGGACAGGGTAGGG-3’ 

IFN-γ NM_205149 F:5’-GCTGACGGTGGACCTATT-3’ 198 56 

R:5’-CACCTTCTTCACGCCATC-3’ 

NF-κB P50 D13719.1 F:5’-TGCGTCTTATGTTTACTGCCTTTC-3’ 145 61 

R:5’-CCGCTGTCCTGTCCATTCTTA-3’ 

NF-κB P65 D13721.1 F:5’-CCAGGTTGCCATCGTGTTCC-3’ 179 63 

R:5’-GCGTGCGTTTGCGCTTCT-3’ 

F, forward primer; R, reverse primer; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; IL, interleukin; TNF, tumor necrosis factor; IFN, interferon; 

NF-κB, nuclear factor kappa B. 

http://www.baidu.com/link?url=WcBhdPwbby07l4giN6-DYBF5O6MW0wqpJDuNJdYDeWuiew5Q4D3q6w6awXiptzJ5kk2qx85URJyL4p6JqnWjna
http://www.baidu.com/link?url=WcBhdPwbby07l4giN6-DYBF5O6MW0wqpJDuNJdYDeWuiew5Q4D3q6w6awXiptzJ5kk2qx85URJyL4p6JqnWjna
http://www.baidu.com/link?url=WcBhdPwbby07l4giN6-DYBF5O6MW0wqpJDuNJdYDeWuiew5Q4D3q6w6awXiptzJ5kk2qx85URJyL4p6JqnWjna
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made from chickens on the control diet (fresh soybean oil). 

 

Statistical analysis 

Effects of treatment were assessed by one-way analysis 

of variance and, when treatment effects were significant, 

they were partitioned using linear and quadratic contrasts, 

according to the SAS user guide statistics (SAS, 1996). Pen 

(replicate) was used as the experimental unit in the analysis 

of growth performance reactions and individual broiler was 

used as the experimental unit for all other reactions. Data 

satisfied Bartlett’s test for homogeneity and were expressed 

as means. Treatment effects were considered significant if 

p<0.05. 

 

RESULTS 

 

Growth performance 

During the first 10 d, POV levels significantly reduced 

ADFI (linear, p = 0.01) of the broilers, while it did not 

affect BW, ADG, and F/G of the broilers (Table 3). Effects 

were apparent at POV exceeding 3.14 meqO2/kg. For the 

entire feeding period (1 to 22 d), POV levels significantly 

reduced BW and ADG (both linear, p = 0.04) of the broilers, 

while it did not affect ADFI and F/G of the broilers. The 

BW and ADG were reduced at POV exceeding 7.05 

meqO2/kg. 

 

Biochemical indices in plasma  

The POV levels significantly increased the 

concentration in plasma of MDA (linear and quadratic, both 

p<0.001) and reduced the activities of T-AOC (linear and 

quadratic, both p<0.001), CAT (quadratic, p<0.001) and 

GST (linear, p = 0.03), but did not affect the activity of T-

SOD or concentrations of immunoglobulins (IgA and IgG) 

in plasma (Table 4). The increase in MDA was apparent at 

POV exceeding 4.95 meqO2/kg while decreases in T-AOC, 

CAT and GST, relative to the control diet, were apparent 

with POV at 4.95 meqO2/kg or above 1.01 meqO2/kg. 

 

Antioxidant and immune-related indices of jejunum  

As shown in Table 5, increasing dietary POV increased 

the concentration in jejunal mucosa of MDA (linear and 

quadratic, both p<0.001) and reduced the activities of T-

AOC (linear, p = 0.02, quadratic, p<0.001) and CAT (linear 

and quadratic, both p<0.001), but did not affect the 

activities of T-SOD and GST. Increased mucosal MDA was 

apparent at POV exceeding 3.14 meqO2/kg and the 

decreases in T-AOC and CAT were apparent for diets with 

Table 3. Growth performance of broilers fed oxidized soybean oil 

Variables Day 
POV levels of the diets (meqO2/kg) 

SEM 
p-values 

0.15 1.01 3.14 4.95 7.05 8.97 L Q 

BW  

 (g) 

1 34.33 34.35 34.32 34.33 34.33 34.34 0.01 0.93 0.55 

10 137.12 134.16 131.71 130.65 130.99 131.72 1.84 0.03 0.03 

22 435.37a 433.78ab 433.67ab 424.56abc 420.08bc 426.61ab 4.95 0.04 0.09 

ADG  

 (g/bird/d) 

1-10 11.42 11.09 10.82 10.70 10.74 10.82 0.20 0.03 0.03 

1-22 19.10a 19.02ab 19.02ab 18.58ab 18.37b 18.68ab 0.24 0.04 0.09 

ADFI  

 (g/bird/d) 

1-10 16.19a 16.06a 14.14b 14.17b 14.97ab 14.67b 0.44 0.01 0.09 

1-22 31.81 31.32 31.28 32.11 31.49 32.42 0.61 0.36 0.49 

F/G  

 (g/g) 

1-10 1.42 1.45 1.31 1.33 1.40 1.36 0.04 0.25 0.24 

1-22 1.66 1.65 1.64 1.73 1.72 1.74 0.03 0.01 0.04 

POV, peroxide value; SEM, standard error of the mean; L, linear; Q, quadratic; BW, body weight; ADG, average daily gain; ADFI, average daily feed 

intake; F/G, feed intake/gain. 

abc Means bearing different superscripts in a row differ significantly (p<0.05). 

Table 4. Biochemical indices in plasma of broilers fed oxidized soybean oil 

Variables  
POV levels of the diets (meqO2/kg) 

SEM 
p-values 

0.15 1.01 3.14 4.95 7.05 8.97 L Q 

MDA (nmol/mL) 3.75bc 3.58c 3.67c 3.98bc 4.67ab 5.21a 0.31 0.00 0.00 

T-AOC (U/mL) 14.03a 11.82ab 12.60ab 10.44b 11.23b 10.50b 0.74 0.00 0.00 

T-SOD (U/mL) 163.57 173.33 156.95 166.50 148.23 169.35 8.29 0.62 0.74 

CAT (U/mL) 56.67a 35.21b 33.95b 37.13b 39.39b 39.86b 4.70 0.12 0.00 

GST (U/mL) 157.26a 122.28b 134.61b 135.48b 128.96b 124.00b 7.39 0.03 0.05 

IgA (μg/mL) 1,903.57 1,943.49 1,802.54 2,050.50 1,763.27 2,002.30 175.18 0.90 0.97 

IgG (μg/mL) 543.40 538.90 508.50 425.25 456.70 511.25 83.65 0.54 0.65 

POV, peroxide value; SEM, standard error of the mean; L, linear; Q, quadratic; MDA, malondialdehyde; T-AOC, total antioxidant capacity; T-SOD, total 

superoxide dismutase, CAT, catalase; GST, glutathione S-transferase; Ig, immunoglobulin.  
abc Means bearing different superscripts in a row differ significantly (p<0.05). 
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POV at or above 1.01 meqO2/kg. Mucosal concentrations of 

SIgA and CD4 molecules (linear and quadratic, all p< 

0.001) and CD8 molecules (linear, p = 0.03, quadratic, p = 

0.01) decreased as dietary POV increased, with differences 

from the control diet apparent at POV greater than 3.14 to 

4.95 meqO2/kg. 

 

Relative transcript abundance in jejunum of genes 

related to immunity 

Increasing dietary POV level significantly increased the 

jejunal transcript abundance of nuclear factor kappa B (NF-

κB) P50 and NF-κB P65 (both linear and quadratic, all p< 

0.001) and tumor necrosis factor-α (TNF-α) and reduced the 

transcript abundance of interleukin (IL)-6, but did not affect 

those of interferon-γ (IFN-γ) and IL-4 (Table 6). The 

increase in NF-κB P50 and NF-κB P65, and TNF-α were 

apparent at POV exceeding 8.97 and 4.95 and 7.05 

meqO2/kg respectively, but the decrease in IL-6 were 

apparent at POV exceeding 7.05 meqO2/kg. 

 

DISCUSSION 

 

As outlined in the introduction, consumption of 

oxidized lipids containing peroxides has an array of 

consequences, but possible effects on intestinal immune 

function, especially in young broilers were unknown. Using 

graded dietary levels of oxidized soybean oil, this study has 

clearly demonstrated deleterious effects of increasing POV 

on early feed intake, daily gain, intestinal oxidative stress, 

and redox status in plasma. Indices of intestinal mucosal 

immunity, SIgA and CD4 and 8, were all depressed with 

moderate to high POV while intestinal expression of NF-B 

genes increased. For most variables, the changes were 

proportional to POV content (linear effects) but there were 

exceptions where maximal changes occurred with less than 

the highest POV (quadratic effects).  

Dietary POV, at or above quite modest levels (3.14 

meqO2/kg), negatively affected ADFI during d 1 to 10, 

hence compromising BW and ADG at d 10. For the entire 

starter period (d 1 to 22), ADG and final BW were similarly 

reduced. These results showed that the growth performance 

and the feed intake of the yellow broilers were impaired by 

the oxidized soybean oil. These findings were consistent 

with some earlier studies (McGill et al., 2011; Tavárez et al., 

2011), but not others (Bayraktar et al., 2011; Zümrüt et al., 

2011) where oxidized oil did not affect BW, ADG, or ADFI. 

The negative effects of the oxidized oil may stem from 

toxicity of lipid peroxides and reduced biological value 

from reduced content of linoleic acid and polyunsaturated 

fatty acid in favor of increased monounsaturated fatty acid 

Table 5. Antioxidant and immune-related indices in jejunal mucosa of broilers 

Variables  
POV levels of the diets (meqO2/kg) 

SEM 
p-values2 

0.15 1.01 3.14 4.95 7.05 8.97 L Q 

MDA (nmol/mgprot) 2.00b 2.24b 3.34a 3.80a 3.80a 4.30a 0.30 0.00 0.00 

T-AOC (U/mg prot) 1.72a 1.42ab 1.26bc 1.25bc 1.10c 1.38bc 0.11 0.02 0.00 

T-SOD (U/mg prot) 90.00 92.50 100.32 91.93 86.22 98.90 4.72 0.66 0.91 

CAT (U/mg prot) 47.43a 39.10b 38.00bc 33.59cd 27.08e 31.89d 1.79 0.00 0.00 

GST (U/mg prot) 117.33 115.18 137.27 120.38 105.68 129.59 11.22 0.88 0.98 

SIgA (μg/mL) 4.02a 4.26a 3.42ab 2.80bc 2.68bc 2.14c 0.35 0.00 0.00 

CD4 (ng/mL) 35.40a 38.97a 22.57b 22.32b 20.86b 21.99b 3.93 0.00 0.00 

CD8 (ng/mL) 22.51ab 23.25a 16.53abc 12.14c 15.41bc 17.84abc 2.49 0.03 0.01 

POV, peroxide value; SEM, standard error of the mean; L, linear; Q, quadratic; MDA, malondialdehyde; T-AOC, total antioxidant capacity; T-SOD, total 

superoxide dismutase; CAT, catalase; GST, glutathione S-transferase; SIgA, secretory immunoglobulin A; CD4, cluster of differentiation 4; CD8, cluster 

of differentiation 8. 
abc Means bearing different superscripts in a row differ significantly (p<0.05). 

Table 6. Relative abundance of jejunal transcripts of broilers fed oxidized soybean oil 

Genes  
POV levels of the diets (meqO2/kg) 

SEM 
p-values2 

0.15 1.01 3.14 4.95 7.05 8.97 L Q 

NF-κB P50 1.06b 1.17ab 0.94b 1.30ab 1.62ab 1.95a 0.26 0.00 0.01 

NF-κB P65 1.13b 1.14b 1.53b 2.79a 1.85ab 2.88a 0.37 0.00 0.00 

IFN-γ 0.93 2.02 1.93 2.08 2.54 1.78 0.38 0.15 0.05 

TNF-α 1.02b 0.86b 1.58ab 1.18ab 1.96a 1.14b 0.28 0.18 0.17 

IL-4 1.02 1.06 1.45 1.29 1.30 0.66 0.27 0.53 0.12 

IL-6 1.15ab 0.69b 1.22ab 1.52a 0.73b 0.69b 0.23 0.37 0.22 

POV, peroxide value; SEM, standard error of the mean; L, linear; Q, quadratic; NF-κB, nuclear factor kappa B; IFN-γ, interferon-γ, TNF-α, tumor 

necrosis factor-α; IL, interleukin.  
abc Means bearing different superscripts in a row differ significantly (p<0.05). 
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and saturated fatty acid (Bou et al., 2005). Oxidized oil does 

not affect the lipid digestible energy or metabolizable 

energy, nor the digestibility coefficients of lipid dry matter, 

gross energy and ether extract (Casado et al., 2010; Zümrüt 

et al., 2011; Liu, 2012), but the decrease in ADFI during the 

first 10 d, presumably reflecting sensory inappetence, could 

account for the impaired growth performance, carrying over 

for the whole 22-d period, though overall ADFI did not 

affect.  

In jejunal mucosa, directly exposed to digesta, oxidized 

soy oil increased concentrations of MDA, an index of lipid 

peroxidation in tissues, indicating that lipid peroxidation 

and inadequate removal of reactive oxygen species  

prevailed in the tissue. Diets with POV at or above 3.14 

meqO2/kg provoked significant changes in the mucosa from 

the control diet while those of POV at or above 4.95 

showed differences in plasma MDA. Similar findings have 

been made in swine (Ringseis et al., 2007) and broilers 

(Zhang et al., 2011) fed oxidized lipid. Overall, it was clear 

that lipid peroxidation occurred in the intestinal mucosa of 

animals fed oxidized soy oil. 

Dietary POV clearly unbalanced the normal 

physiological capacity for antioxidant systems maintaining 

equilibrium between generation and elimination of free 

radicals, thus resulting in oxidative stress. This was 

indicated here by the decrease in T-AOC in jejunal mucosa 

at lower dietary POV and, at POV above 4.95 meqO2/k, in 

plasma. The decrease in T-AOC, an index of assessing 

redox status, indicated that the imbalance of free radical 

generation and elimination occurred. Also, with minimal 

increases in dietary POV, mucosal and plasma activities of 

CAT decreased as did those of plasma GST. The CAT can 

resolve H2O2 and GST can eliminate peroxide. The decrease 

in CAT and GST indicated that the capacity of eliminating 

free radicals decreased. Decreased activities of antioxidant 

enzymes in intestine or enterocytes with oxidized lipids 

have been found using various models (Ringseis et al., 

2007; David et al., 2010; Awada et al., 2012) and the 

present study using young chickens emphasizes just how 

little oxidation is required to exert deleterious effects on the 

occurrence of intestinal oxidative stress. 

The NF-κB of intestinal epithelial cells can attenuate 

oxidative stress and the activation of NF-κB indicated that 

oxidative stress occurred. The increases in NF-κB P65 and 

NF-κB P50 in intestine were significant at dietary POV of 

4.95 to 8.97 meqO2/kg. The results were consistent with 

other studies which oxidized oil significantly increased the 

concentrations of NF-κB in intestine (Varady et al., 2011; 

Awada et al., 2012). The findings further confirmed that 

oxidative stress occurred in the intestine of broilers. 

As the most abundant and important Ig in GALTs 

(Fagarasan, 2008), levels of mucosal SIgA were decreased 

by the diets with higher POV, contrasting with the absence 

of any effect on plasma IgA and IgG.. Oxidized oil did not 

affect the concentrations of IgA and IgG in plasma of pigs 

(Liu, 2012) but was found to decrease the effectiveness, 

secretion and stability, of the intestinal SIgA response 

(Dibner et al., 1996). Playing a major role in mucosal 

protection (Shale et al., 2013), T helper and T cytotoxic 

cells, marked by the CD4 and CD8 molecules measured 

here, were reduced as dietary POV increased from 3.14 

meqO2/kg, with maximal effects at intermediate levels of 

POV, hence significant quadratic responses were observed. 

The most striking effect was on CD8 (T cytotoxic cells), 

suggesting impaired capacity to respond to damaged or 

infected mucosal cells. Taken together, the reduced contents 

of SIgA, CD4, and CD8 showed that the local immune 

system of the jejunal mucosa was negatively affected by the 

oxidized soybean oil and the consequent oxidative stress.  

As an important medium of immune system, cytokines 

of IFN-γ, TNF-α, IL-4, and IL6 can interact with cell 

membrane receptors and involve in the immune response, 

immune regulation and inflammation (Gupta et al., 2012). 

Dietary POV significantly increased the transcript 

abundance of TNF-α and reduced those of IL-6 in jejunum, 

but there were no linear and quadratic effects in TNF-α and 

IL-6. Dietary POV did not affect the transcript abundance 

of IFN-γ and IL-4 in jejunum. TNF-α responds to sepsis by 

IL1 and IL6 producing cells and regulates immune cells 

which are essential in the control of intracellular pathogens. 

IL-6 promotes B-Cell differentiation and the production of 

antibody. The IFN-γ promotes the differentiation of TH 

cells and enhances the secretion of Ig by B cells and 

involves in immune stimulation and immune regulation, 

once IFN-γ is produced by T lymphocytes and natural killer 

cells after these cells are activated by immune and 

inflammatory stimuli (Schoenborn and Wilson, 2007). The 

IL-4 promotes T helper 2 cell differentiation from CD4+ T 

cells and the production of IgG and IgE (Brown, 2008). The 

findings here indicated that the transcripts of these 

cytokines were not affected by the oxidized soybean oil.  

 

CONCLUSION 

 

The growth performance, early feed intake and the local 

immune system of the intestine were impaired by oxidative 

stress when young broilers were fed moderately oxidized 

soybean oil. The conclusions confirm the hypotheses and 

prompt further study of exactly how partially oxidized 

soybean oil compromised the intestinal immune system. It 

is recommended that oil used to increase energy content of 

diets for young broilers should be protected from oxidative 

degradation because feed intake and intestinal immunity of 

broilers were reduced by as little as 3.14 meqO2/kg dietary 

http://en.wikipedia.org/wiki/Sepsis
http://en.wikipedia.org/wiki/Interleukin_1
http://en.wikipedia.org/wiki/Interleukin_6
http://en.wikipedia.org/wiki/Immune_cells
http://thjuland.tripod.com/gloss1-l.html#B
http://thjuland.tripod.com/gloss1-i.html#ImmunoGlobulin
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POV even though oxidative stress was apparent at even 

lower levels. 
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