
  INTRODUCTION 
  Plants and their bioactive derivatives such as ex-

tracts, essential oils, and secondary metabolites have 
recently attracted a lot of research attention for the de-
velopment of novel additives for animal nutrition. This 
field of research is driven by both the consumers’ de-
mand for safer foods from healthier animals and the in-
dustry’s need to identify novel growth promoters to re-
place the use of antibiotics banned by European Union 
legislation in 2006. Herbs and botanicals can regulate 
feed intake, contribute to a balanced microflora in the 
gastrointestinal tract, and exhibit antimicrobial, coc-
cidiostatic, immunomodulatory, antiinflammatory, and 
antioxidant properties in monogastric animals (Wenk, 
2003). 

  Poultry meat is more susceptible to oxidative de-
terioration due to a high content of polyunsaturated 
fatty acids (PUFA; Simopoulos, 2000) compared with 
meat from other species with a lower content of PUFA. 
Incorporation of herbs and botanicals with antioxida-

tive properties in the broiler diet can therefore increase 
shelf life of poultry meat by decreasing the rate of lipid 
oxidation (Botsoglou et al., 1997). Antioxidative prop-
erties of plants are attributed to compounds such as 
ascorbic acid, α-tocopherol, β-carotene, various flavo-
noids, and other phenolic compounds (Pennington and 
Fisher, 2009). 

  Quercetin [International Union of Pure and Applied 
Chemistry name: 2-(3,4-dihydroxyphenyl)-3,5,7-trihy-
droxy-4H-chromen-4-one] is a flavonoid compound that 
belongs to the class of flavonols. It can be found in 
most edible fruits such as apples, mostly in peels (Ru-
pasinghe et al., 2010), in vegetables such as red onions 
and capers (Bhagwat et al., 2013), and is potentially 
beneficial for human and animal health. Mice in vitro 
(Comalada et al., 2006; Hamalainen et al., 2007) and 
in vivo (Huang et al., 2010) and human in vitro (Stern-
berg et al., 2008) studies showed that quercetin has 
antiinflammatory properties. It has been reported to 
possess antioxidant activity in vitro (Arts et al., 2004), 
in mice (Orsolić et al., 2004), and in humans (Boots 
et al., 2011), as well as have antibacterial properties 
(Waage and Hedin, 1985). In poultry, Rupasinghe et al. 
(2010) administered dietary quercetin to broilers as a 
pure substance at levels of 0.5, 1.4, 2.8, and 5.6 g per 
kg of feed and in the form of apple skin, and found that 
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scribe the effects of quercetin dietary supplementation, 
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oxidative stability during storage of broiler chickens 
reared from hatching to 42 d of age. Body weight and 
cumulative feed intake were not affected by querce-
tin supplementation (P > 0.05). However, poorer feed 
conversion ratio values were obtained with increasing 
levels of dietary quercetin (P-linear < 0.05). Relative 
heart weight was significantly higher for chickens that 
were given quercetin in comparison with the controls 

(P < 0.05). The rest of the internal organ weights 
measured (liver, spleen, and fat pad) and meat qual-
ity traits were not affected by dietary supplementation 
with quercetin, except for meat lightness and redness. 
Meat oxidative stability, expressed as nanograms of 
malondialdehyde per gram of meat, was improved (P
< 0.05) during refrigerated storage for 3 and 9 d, when 
birds were fed quercetin at a level of 1 g/kg of feed. It is 
concluded that the incorporation of quercetin in broiler 
diets could prolong meat shelf life by reducing the rate 
of lipid oxidation, and increase relative heart weight, 
potentially contributing to improved animal health. 
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it was metabolized and absorbed and that quercetin 
metabolites were detectable in the plasma and several 
tissues (liver, thigh, and breast muscle and duodenum).

As far as the authors are aware, there are no avail-
able published data on the effects of quercetin dietary 
supplementation on broiler productive and qualitative 
traits. The purpose of the present study was therefore 
to evaluate the effect of dietary supplementation of 
broilers with quercetin on growth performance, meat 
quality characteristics, and meat oxidative stability.

MATERIALS AND METHODS

Birds, Diets, and Experimental Design
One hundred fifty 1-d-old Cobb 500 broiler chick-

ens, obtained from a commercial hatchery, as hatched, 
were housed in a controlled environment. The birds 
were reared in 12 pens, of a surface area of 2 m2 each, 
until 42 d of age. Each chicken was individually wing 
tagged and weighed on arrival. The lighting program 
consisted of 23L:1D on arrival and was gradually de-
creased to 18L:6D by d 24, remained constant until 
d 37, and thereafter increased to 23L:1D till slaugh-
ter. Lighting program, environmental conditions, and 
management practices were in accordance to standard 
Cobb guidelines. Feed, in mash form, and water were 
provided ad libitum. The composition and the chemical 

analysis of the 3 diets offered, throughout the rearing 
period (starter, grower and finisher), are presented in 
Table 1. The total of 150 broiler chickens where equally 
divided into 3 treatment groups with 4 replicate pens 
each. Two out of the 4 replicate pens per treatment 
contained 13 chickens each, whereas each of the other 
2 pens contained 12 chickens. The total of 12 pens was 
divided into 4 blocks (3 pens each) to avoid any bias 
due to possible alterations in environmental conditions 
in the poultry house. The 3 treatment groups were 
randomly assigned within each of the blocks. The 3 
treatment diets offered were control, quercetin-0.5 (Q-
0.5), and quercetin-1 (Q-1), supplemented with 0, 0.5, 
and 1 g of quercetin (MP Biomedicals LLC, Illkirch, 
France)/kg of feed, respectively. Individual BW, feed 
intake (FI) and feed conversion ratio (FCR) per pen 
were recorded weekly.

At the age of 42 d, 16 chickens per treatment (4 
per replicate pen), randomly chosen, were electrically 
stunned and slaughtered. Liver, spleen, heart, and fat 
pad were weighed. Chicken carcasses were then chilled 
at 4°C for 24 h for subsequent meat quality measure-
ments in the pectoralis major muscle.

The methods used in the present experiment were in 
accordance with the national legislation and the guide-
lines of the Research Ethics Committee of the Depart-
ment of Animal Science and Aquaculture of the Agri-
cultural University of Athens.

pH24 and Color
The pH24 was measured by insertion of pH meter 

electrode (Sentron 1001 pH System, Roden, the Neth-
erlands), calibrated at pH 4.0 and pH 7.0, into the right 
pectoralis major muscle 24 h after slaughter. Meat 
color was also measured (3 measurements per sample) 
on right pectoralis major muscle after exposure to the 
air at room temperature for 30 min with Miniscan XE 
(HunterLab, Reston, VA) chromameter set on the L* 
(lightness), a* (redness), and b* (yellowness) system 
(Commission International de l’Eclairage, 1976). White 
and black tiles were used for calibration.

Cooking Loss and Shear Force Value
The left pectoralis major muscle was dissected, 

weighed, placed into a thin-walled plastic bag, and 
cooked in a water bath at 80°C for 30 min. It was 
then cooled under tap water and equilibrated at room 
temperature. The muscle was weighed again for deter-
mination of cooking loss (%). Shear force was evalu-
ated as described by Cason et al. (1997). Briefly, two 
1.9-mm-wide × 10 mm × 10 mm strips were cut from 
the center of the muscles parallel to the muscle fibers. 
The samples were cut perpendicular to the fiber direc-
tion using a zwick Testing Machine Model z2.5/TN1S 
(zwick GmbH and Co., Ulm, Germany) equipped with 
a Warner-Bratzler shear. Peak force values were ob-
tained in Newtons per millimeter2.

Table 1. Ingredients and chemical composition of the diets used 

Item
Starter, 
1 to 10 d

Grower, 
11 to 22 d

Finisher, 
23 to 42 d

Ingredient, g/kg
 Maize 558 629 652
 Soybean meal, 45% CP 336 264 230
 Corn gluten meal, 60% CP 50 50 50
 Soybean oil 16 17 26
 Sodium chloride 5 4 4
 Monocalcium phosphate 15 14 13
 Limestone 16 16 15
 Methionine 0.3 0.5 0.6
 Lysine 0.1 0.1 0.2
 Vitamin premix1 2 2 2
 Mineral premix2 2 2 2
Chemical composition, g/kg    
 ME,3 MJ/kg 13.62 13.92 14.25
 DM 888 888 900
 Ash 62 55 53
 CP 227 208 193
 Fat 37 42 53
 Fiber 26 23 25
 Lysine3 12 11 10.5
 Methionine + cysteine3 8.3 7.7 7.4
 Calcium3 10 9.6 9
 Available phosphorus3 5 4.8 4.5

1The vitamin premix provided per kilogram of diet: 12,000 IU of vi-
tamin A (retinyl acetate), 75 μg of cholecalciferol, 50 IU of vitamin E 
(dl-α-tocopheryl acetate), 7 mg of menadione, 3 mg of thiamine, 6 mg of 
riboflavin, 6 mg of pyridoxin, 25 μg of cobalamin, 40 mg of nicotinic acid, 
12 mg of pantothenic acid, 1.2 mg of folic acid, and 150 μg of biotin.

2The mineral premix provided per kilogram of diet: 400 mg of choline 
chloride, 250 μg of Co, 1.5 mg of I, 300 μg of Se, 50 mg of Fe, 130 mg of 
Mn, 20 mg of Cu, and 100 mg of zn.

3Calculated.
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Intramuscular Fat

Intramuscular fat was measured according to the 
method of Folch et al. (1957). Briefly, pectoralis major 
muscle samples were homogenized with a 2 chloroform:1 
methanol (vol:vol) mixture to a final volume 20-fold the 
volume of the tissue sample. The crude extract was 
mixed 5:1 with distilled water and was separated into 
2 phases. The lower phase contained the tissue lipids.

Oxidative Stability

Lipid oxidation was assessed on the basis of the malo-
ndialdehyde (MDA), a secondary lipid oxidation prod-
uct formed by the hydrolysis of lipid hydroperoxides 
during lipid oxidation (Botsoglou et al., 2002a,b). In 
the present study, the MDA concentration in the right 
pectoralis major muscle samples was determined after 
storage at 4°C for 1, 3, 6, and 9 d after slaughter, by 
simultaneous exposure to light using a selective third-
order derivative spectrophotometric method previously 
developed by Botsoglou et al. (1994). Derivative spec-
trophotometry was chosen over conventional because it 
offers improved sensitivity, specificity, and reliability of 
the measurements by eliminating potential interferenc-
es from other reactive compounds. In brief, 2 g of each 
sample (2 samples per chicken) was homogenized in the 
presence of 8 mL of aqueous trichloroacetic acid (50 
g/L) and 5 mL of butylated hydroxytoluene in hexane 
(8 g/L), and the mixture was centrifuged for 5 min at 
3,000 × g at 4°C. The top hexane layer was discarded 
and a 2.5-mL aliquot from the bottom layer was mixed 
with 1.5 mL of aqueous 2-TBA (8 g/L) to be further 
incubated at 70°C for 30 min. Following incubation, 
the mixture was cooled under tap water and submitted 
to third-order derivative spectrophotometry (Hitachi 
U3010 Spectrophotometer, Tokyo, Japan) in the range 
of 500 to 550 nm. The concentration of MDA (ng/g of 
wet tissue) in the samples was determined as the height 
of the third-order derivative peak at 521.5 nm by refer-
ring to the standard calibration curve prepared using 
1,1,3,3-tetraethoxypropane, the MDA precursor.

Statistical Analysis

The experimental design was a randomized complete 
block design with 3 levels of dietary treatment (con-
trol, Q-0.5, and Q-1 groups), and 4 replicate pens in 
4 blocks. Data were analyzed with SAS software (SAS 
Institute Inc., 2005). All traits were analyzed with the 
MIXED procedure with diet as the fixed effect and 
block as the random term. The linear dose response to 
quercetin was determined with contrasts among means. 
Mean differences were tested at the 0.05 significance 
level. Probability values of 0.05 < P < 0.1 were consid-
ered as tendencies to differences. Results are presented 
as least squares means.

RESULTS AND DISCUSSION

Performance and Internal Organ Weights
As shown in Table 2, BW and cumulative FI were 

not affected by quercetin dietary supplementation from 
hatching to d 42 of age. On the other hand, although no 
significant differences among treatment groups were de-
tected (P > 0.05), increasing levels of dietary quercetin 
resulted in increasing FCR values, as shown from the 
positive dose response of quercetin on FCR determined 
(P-linear < 0.05). The poorer FCR values obtained 
with increasing levels of quercetin may be probably ex-
plained by the dilution of the diet because of the addi-
tion of quercetin with no adjustment of the nutritional 
value of the diets offered to birds.

Several flavonoids have been used previously as a feed 
supplement in poultry. Simitzis et al. (2011) did not re-
port any effect of hesperidin dietary supplementation, 
at amounts up to 3 g/kg of feed, on BW, FI, and FCR 
of broilers. Schiavone et al. (2007) did not detect an 
effect of feeding silymarin (40 and 80 ppm) on growth 
performance of broilers. On the other hand, Jiang et 
al. (2007) found that inclusion of soybean isoflavone 
in chicken diets, at concentrations ranging from 10 to 
80 mg/kg of feed, improved performance by means of 
higher BW and FI and lower FCR. Lee et al. (2003a,b) 
investigated the effect of the polyphenolic compounds 
thymol, carvacrol, and cinnamaldehyde on broiler per-
formance. They reported no effect of feeding thymol 
(200 mg/kg of feed) on growth parameters of broilers, 
whereas carvacrol dietary supplementation at a similar 
level to thymol decreased both growth rate and FI and 
improved FCR (Lee et al., 2003a). Lee et al. (2003b) 
did not find any effect of thymol and cinnamaldehyde 
on growth performance of female broiler chickens. The 
contradictory effects reported for the different polyphe-
nolic substances to broiler performance may be prob-
ably attributed to differences in the function of each 
substance.

Relative (% of BW) and absolute heart weight in-
creased with increasing quercetin concentration in the 
diet (P-linear < 0.05), and a difference of +14.1% was 
observed for relative heart weight between the control 

Table 2. Effects of dietary quercetin on growth performance of 
broilers at d 42 of age1 

Item

Trait

BW, g
Cumulative  

feed intake, g
FCR,2 
g/g

Quercetin level, g/kg of feed
 0 2,270 3,733 1.666
 0.5 2,296 3,849 1.676
 1 2,285 3,833 1.687
SEM 40.9 78.6 0.008
P-linear 0.79 0.38 0.047

1Each value represents the least squares means of 4 replicate pens.
2FCR = feed conversion ratio.
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and Q-1 group (Table 3). For absolute heart weight, a 
tendency (P = 0.067) for differences among treatment 
groups was observed. No effect of quercetin dietary 
supplementation was observed on absolute or relative 
(% of BW) weights of liver, spleen, and abdominal fat 
(Table 3).

The positive effect of flavonoids on the function of rat 
and human cardiovascular system is well documented 
(Peluso, 2006). The effect observed in the present study 
on broiler heart size suggests that quercetin seems to 
exhibit an analogous effect on chicken cardiovascular 
function. The observed increase in the relative heart 
weight due to quercetin may be characterized as ben-
eficial because low relative heart weight in broilers is 
associated with high prevalence of metabolic disorders 
such as sudden death syndrome and ascites (Haven-
stein et al., 2003). Reduced relative heart size, originat-
ing mainly from genetic selection for weight gain (Ha-
venstein et al., 1994), results in inability of the heart 
to adequately supply body tissues with oxygen, lead-
ing to the development of several metabolic disorders 
(Gaya et al., 2007). Moghadam et al. (2005) suggest 
that selection for a larger ratio of heart weight to live 
BW could overcome this problem. If the observed ef-
fect of quercetin on relative heart weight is shown by 
further research to be beneficial for animal health, pos-
sibly by reducing the incidence of metabolic disorders, 
then incorporating quercetin in broilers’ diet might be 
a less expensive and less time consuming alternative 
to genetic selection for increased relative heart weight. 
However, further research is required to investigate any 
positive effects of dietary quercetin supplementation on 

broiler metabolic disorders and to elucidate the respec-
tive underlying mechanisms.

Meat Quality
Results of meat quality measurements are present-

ed in Table 4. Dietary supplementation of quercetin 
did not affect pH24, cooking loss, tenderness, and in-
tramuscular fat concentration (P > 0.05). The linear 
dose response for L* and a* values detected (P-linear 
< 0.05) indicates that a more red colored and darker 
breast meat (higher a* and lower L* values, respec-
tively) is expected when the levels of dietary quercetin 
are increased from 0 to 1 g per kg of feed. Moreover, a 
tendency for differences among treatment means for a* 
values was observed (P = 0.053). On the other hand, 
yellowness (b*) of meat was not affected. Other plant-
derived, including polyphenolic, compounds have not 
been shown to affect the meat organoleptic characteris-
tics that were assessed (Windisch et al., 2008; Wallace 
et al., 2010; Simitzis et al., 2011) with the exception of 
a reported effect of isoflavone supplementation on color 
and pH of the breast fillets of male broiler chickens 
(Jiang et al., 2007). Jiang et al. (2007) reported that a 
40 mg/kg of feed isoflavone supplementation resulted 
in lighter color (higher L* values) and higher pH value 
for breast fillets of male broiler chickens and attributed 
the observed effect to improved antioxidative status. 
In the present study, although quercetin supplementa-
tion improved postmortem meat oxidative stability (see 
results in next section), it did not affect breast meat 
quality traits.

Table 3. Effects of dietary quercetin on absolute and relative (% of BW) internal organ weights of broilers1 

Item

Trait

Liver 
weight, g

Liver, 
%

Heart 
weight, g

Heart, 
%

Spleen 
weight, g

Spleen, 
%

Fat pad 
weight, g

Fat pad, 
%

Quercetin level, g/kg of feed
 0 37.9 1.71 12.2 0.55b 2.4 0.11 26.7 1.20
 0.5 37.2 1.69 13.1 0.60ab 2.8 0.13 24.5 1.10
 1 39.0 1.73 14.4 0.64a 2.7 0.12 27.4 1.23
SEM 1.8 0.06 0.68 0.03 0.17 0.01 2.2 0.1
P-linear 0.64 0.77 0.021 0.011 0.30 0.15 0.81 0.85

a,bWithin a column, least squares means lacking a common superscript differ significantly (P < 0.05).
1Each value represents the least squares means of 16 birds, %, g/100 g of BW.

Table 4. Effects of dietary quercetin on breast meat quality traits of broilers1 

Item

Trait2

pH24 L* a* b* IF, %
Cooking  
loss, %

Shear force,  
N × 100/mm2

Quercetin level, g/kg of feed
 0 5.83 45.59 4.78 11.29 1.06 21.17 7.09
 0.5 5.90 44.02 4.95 10.92 1.12 19.37 7.31
 1 5.87 43.32 5.70 11.51 1.05 20.05 7.30
SEM 0.03 0.86 0.30 0.27 0.07 0.089 0.48
P-linear 0.34 0.039 0.023 0.058 0.89 0.32 0.76

1Each value represents the least squares means of 16 birds.
2pH24 = pH 24 h after slaughter; L* = lightness; a* = redness; b* = yellowness. IF, % = intramuscular fat, g/100 g of breast muscle.

1960 GOLIOMYTIS ET AL.
D

ow
nloaded from

 https://academ
ic.oup.com

/ps/article-abstract/93/8/1957/1533151 by guest on 01 D
ecem

ber 2018



Meat Oxidative Stability
Oxidative stability of refrigerated broiler breast 

meat, estimated by measuring the nanograms of MDA 
per gram of meat, was significantly affected (P < 0.05) 
by dietary quercetin when meat was stored for 3 and 9 
d (Table 5). Breast meat from chickens that were not 
supplemented with quercetin had higher MDA values, 
and as a consequence reduced oxidative stability, com-
pared with the Q-1 group at 3 and 9 d of storage and 
the Q-0.5 group at 3 d of storage. A tendency for im-
proved oxidative stability due to dietary quercetin was 
observed at 1 d of storage (P = 0.079). Reduction in 
the rate of lipid oxidation is the main property of flavo-
noid compounds. For some antioxidants this protective 
effect is not limited in vivo but is extended postmortem 
(Fellenberg and Speisky, 2006), thus increasing shelf life 
of meat products. Results of the present study indicate 
that quercetin dietary supplementation had a postmor-
tem effect on reducing lipid oxidation rates and increas-
ing meat shelf life. This postmortem antioxidant effect 
may be attributed to the accumulation of quercetin 
metabolites in body tissues. According to Rupasinghe 
et al. (2010), quercetin metabolites, such as quercetin 
glucuronides and sulfonates, appeared to accumulate in 
the liver, breast, and thigh muscle, following a 3-d di-
etary supplementation. The detected levels of reformed 
quercetin after deconjugation of its metabolites ranged 
from 0.04 ± 0.01 to 3.03 ± 0.51 μg per g of dry weight 
tissue.

Schiavone et al. (2007) reported lower MDA values 
for breast and thigh muscles of broilers fed diets sup-
plemented with sylimarin. The authors attributed the 
effect of sylimarin to the lower lipid content of tissues 
from animals fed with sylimarin, in comparison with 
the controls, and the antioxidant activity of the exam-
ined substance. In the present study, no effect of quer-
cetin on breast intramuscular fat was observed (Table 
4), and as a consequence the improved oxidative stabili-
ty is attributed solely to direct antioxidative function of 
quercetin. Several studies supporting the antioxidative 
attributes of polyphenolic substances on broiler meat 
are already published. Soybean isoflavone (Jiang et al., 
2007), hesperidin (Simitzis et al., 2011), tea catechins 
(Tang et al., 2000, 2001), and thymol and carvacrol 

(Luna et al., 2010) supplemented to broiler diets signifi-
cantly reduced lipid oxidation of stored broiler meat in 
accordance with the results obtained from the present 
study.

In conclusion, dietary administration of quercetin to 
broiler chickens did not affect BW and FI. At the same 
time, FCR increased linearly with increasing quercetin 
levels from 0 to 1 g per kg of feed. A significant increase 
in the ratio of heart weight to live BW was observed. 
This increase may be beneficial for broiler cardiovascu-
lar function because it may lead to a lower incidence of 
sudden death syndrome and ascites. Further research 
that will directly investigate possible association of di-
etary quercetin supplementation with these metabolic 
disorders is required. Meat quality traits were not af-
fected by the dietary treatment, except for meat light-
ness and redness. Dietary quercetin improved oxida-
tive stability of chicken breast meat during refrigerated 
storage, and consequently its shelf life, by retarding lip-
id oxidation rate. Further research is required to safely 
propose quercetin as a feed additive in broiler diets in 
the form of either a pure substance or a feed ingredient 
with high quercetin content.
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