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Antioxidant capacity of phytochemicals and their potential effects 
on oxidative status in animals — A review
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Abstract: Oxidative stress suppresses animal health, performance, and production, subsequently 
impacting economic feasibility; hence, maintaining and improving oxidative status especially 
through natural nutrition strategy are essential for normal physiological process in animals. 
Phytochemicals are naturally occurring antioxidants that could be considered as one of the most 
promising materials used in animal diets in various forms. In this review, their antioxidant 
effects on animals are discussed as reflected by improved apparent performance, productivity, 
and the internal physiological changes. Moreover, the antioxidant actions toward animals 
further describe a molecular basis to elucidate their underlying mechanisms targeting signal 
transduction pathways, especially through the antioxidant response element/nuclear factor 
(erythroid-derived 2)-like 2 transcription system.
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INTRODUCTION

Oxidative stress, an imbalance condition when reactive oxygen species (ROS) formation exceed 
cellular antioxidant capacity, has become a major issue and the subject of production concerns 
and related research in the domestic animal industry. ROS are constantly produced in aerobic 
organisms as byproducts of normal oxygen metabolism. For example, chick embryos and 
hatchlings may be subjected to oxidative stress caused by their rapid growth and oxidative 
metabolism associated with the production of large quantities of free radicals and other reactive 
oxygen metabolites [1,2]. On the other hand, exogenous stressors may exacerbate the ROS 
levels more dramatically. Heat stress is a one of the debilitating problems that compromises 
performance and productivity regarding the present animal agricultural area and physical defect 
such as feather in birds or losses of sweat gland in porcine [3,4].
  The use of synthetic antioxidants in animals to improve health, performance and products 
quality have been seriously considered. However, the potential adverse effects of these com-
pounds make their innocuousness questioned [5,6]. A growing body of research has been 
devoted to natural antioxidants that are currently receiving considerable attention in animal 
nutrition fields. Phytochemicals have been shown to exert their positive antioxidant benefits 
toward animals in terms of favored performance, production quality [7-9], and enhanced 
endogenous antioxidant system, possibly by directly affecting specific molecular targets or 
indirectly as stabilized conjugates affecting metabolic pathway [10,11]. Accordingly, dissecting 
the antioxidant effects and the underlying mechanism of dietary phytochemicals is an important 
area.
  Recently, much attention is being focused on a new wave of nutrigenomics [12]. Both external 
and endogenous stimuli turn on or switch off critical events in intracellular relays, thereby 
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transmitting proper signaling to diverse downstream target 
molecules in a highly sophisticated fashion to fine-tune cellular 
homeostasis [13]. The cellular signaling network often goes awry 
due to excessive ROS; moreover, the protective effects that most 
dietary phytochemicals exert are likely to be the sum of several 
distinct mechanisms [12]. Several studies have been dedicated 
to understanding and formulating mechanistic pathways by 
which these naturally-derived substances could alter the fate 
of the cell. Particularly those antioxidant properties of phyto-
chemicals that have been implicated as stress-alleviation agents 
[14-17]. One of the promising approaches is targeting intra-
cellular signaling cascades for elucidating molecular mechanisms 
underlying the antioxidant protecting actions of dietary phy-
tochemicals.

PHYTOCHEMICALS

Phytochemicals, plant-derived non-nutritive compounds, are 
one of the many different types of the dietary factors which play 
an important role in various functions of the animal body [18]. 
Given the advantage of using dietary components with relatively 
low toxicity, abundance of materials and low cost; nutritional 
therapy provides an important strategy for preventing and/or 
treating numerous diseases and contributing to the welfare of 
individuals [19]. The discovery of the promising potential bene-
fits of changing dietary habits shed light on naturally occurring 
compounds from plants in health promotion and maintenance 
[20]. The protective effects of these phytochemicals were found 
in many human diseases and ailments [21-23], and research in 
nutraceuticals and functional foods and natural health products 
have been hot topics in recent years. 

  A large number of natural compounds present in food ma-
terials have been reported to possess antioxidant properties 
[18]. Aeschbach et al [24] reported that thymol, carvacrol and 
6-gingerol possess useful antioxidant properties and may become 
very important in the search for “natural” replacements of 
“synthetic” antioxidant food additives. Despite prevalence of 
antioxidants such as vitamin C and E, the majority of the an-
tioxidant activity of fruits, vegetables, spices and herbs may be 
from compounds such as phenolic acids and flavonoids con-
sidered to be much greater than that of the essential vitamins 
[25,26]; besides, the antioxidant activity of these compounds 
is predominantly determined by their structures, in particular 
the electron delocalization over an aromatic nucleus, in those 
based on a phenolic structure [20]. With over 8,000 structural 
variants, the polyphenols are a group of chemical substances 
found in plants that are characterized by having aromatic ring(s) 
bearing one or more hydroxyl moieties. The polyphenols are 
broadly divided into four classes including flavonoids (e.g., 
flavonols, flavones, isoflavones, and anthocyanidins), stilbenes, 
lignans, and phenolic acids [27,28] (Figure 1). When these 
compounds react with a free radical, the scavenging action 
results in the delocalization of the gained electron over the 
phenolic antioxidant and the stabilization by the resonance effect 
of the aromatic nucleus, which averts the continuation of the 
free radical chain reaction [20]. However, this is merely one of 
the antioxidant properties exerted by polyphenolic compounds, 
they inhibit oxidation through a variety of mechanisms rather 
than single mode of action typical of synthetic antioxidants 
[29,30]. Furthermore, the significant biological actions such 
as subduing oxidative stress, protection from degenerative 
disease, and reducing risk of cardiovascular disease could be 

Figure 1. Chemical structures of the different classes of polyphenols and the resonance antioxidant effects of their aromatic ring. They are classified on the basis of the number of 
phenol ring and the structural elements binding the rings, broadly four classes; flavonoids, stilbenes, lignans, and phenolic acids.
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attributed to their intrinsic antioxidant capabilities [31].

EFFECTS OF DIFFERENT 
PHYTOCHEMICALS ON OXIDATIVE 
STATUS IN ANIMALS

The livestock industry would considerably benefit if natural 
antioxidants were used as substitutes for synthetic antioxidants, 
thus allowing consumer demands for food products without 
harmful residual substances to be satisfied. In view of several 
reports to date, phytogenic feed additives comprising single or 
combinations of components offer promising feed additives 
with pronounced antioxidant capacity for progressive animal 
production (Table 1). Research over the last decade has shown 
that several phytochemicals improve performance and products 
quality [32]. For example, Akdemir et al [33] evaluated the effects 
of tomato powder supplementation on performance, productive 
traits and the peroxidation level of laying hens (mid-lay). Hens 
fed 10 g/kg tomato powder in their diet showed a significant 
increase in feed intake in comparison with those in control 
group (116.3 vs 114.9 g/d); moreover, egg production increased 
from 89.94% to 93.11%, and the egg weight also had a profound 

increase (from 63.73 g to 66.59 g). Birds fed 200 g/kg dry tomato 
pulp (DTP) had the highest final body weight especially in 
comparison with those hens without DTP (1,993 vs 1,861 g), 
these results could also be proved by the improved feed intake 
and feed conversion ratio (FCR). However, there was no differ-
ence found among all the groups regarding the egg yield (%), 
and most of the egg characteristics, such as shell weight, shell 
thickness and shell strength, were similar, indicating that there 
was no adverse effects from these re-used materials when applied 
in hens’ diet [34]. In addition, to the concomitant benefits, in 
terms of reducing negative effects of stress [14-17,35], the ad-
ditives were considered safe and environmentally friendly.
  Oxidative rancidity, typically resulting from ROS-induced 
lipid peroxidation, is one of the major causes of deterioration 
of feed or food for consumption and the associated oxidative 
stress in animals may lead to metabolic disorders [5] followed 
by depressed growth and production performance [5,36]. Natural 
medicinal herbs have been suggested good antioxidants and have 
been used as feed additives in animal husbandry for over 2,000 
years [37]. For example supplementation of dietary essential oil 
(Zataria mulriflora) could delay the peroxidation and microbi-
al spoilage of chicken breast fillets [38]. Several phytochemical 

Table 1. Active ingredients in phytogenic materials and their mode of antioxidant actions in animals

Materials
Total phenolics 
(mg GAE/g DW)

Total flavonoid 
(mg QE/g DW)

Active ingredients  antioxidant capacities References

TS 22.23 ± 1.13 1.38 ± 0.06 DPPH scavenging activity, superoxide anion radical 
scavenging activity, Inhibition of lipid peroxidation 
acitivity

Lin et al [5]

81.86 ± 1.48 62.23 ± 4.62 Quercetin, Myricetin, Kaempferol DPPH scavenging activity, oxygen radical absorption 
activity

Chao et al [53]

Superoxide anion scavenging activity, Reducing 
power, Metals ion chelating effect

Hseu et al [54]

Quercetrin, Kaempferol-3-O-α-L-rhamopyranoside, Astragalin, 
Quercetin, Kaempferol, Methyl gallate, Ethyl gallate, 1, 2, 3, 
4, 6-penta-O-galloyl-β-D-glucopyranose

DPPH scavenging activity, Superoxide anion 
scavenging activity, Reducing power, Metals ion 
chelating effect

Yang et al [55]

EP 55.9 ± 1.1 ND Chlorogenic acid, Echinacoside, Alkamide8/9, Cynarin, 
Caftaric acid, Cichoric acid

Lee et al [8]  
Lee et al [9]

GP Delphinidin 3-O-glucoside, Cyanidin 3-O-glucoside, Petunidin 
3-O-glucoside, Peonidin 3-O-glucoside, Malvidin 3-O-glucoside, 
Delphinidin 3-O-(600-O-p-coumaryl)-glucoside, Petunidin 
3-O-(600-O-p-coumaryl)-glucoside, Peonidin 3-O-(600-O-
p-coumaryl)-glucoside, Malvidin 3-O-(600-O-p-coumaryl)-
glucoside, Malvidin 3-O-(600-O-acetyl)-glucoside, Malvidin 
3-O-(600-O-caffeyl)-glucoside, Quercetin 3-O-glucuronide, 
Quercetin 3-O-glucoside, Quercetin 3-O-rutinoside, Kaempferol 
3-O-glucoside, Isorhamnetin 3-O-glucoside, Isorhamnetin 
3-O-glucuronide, Myricetin, Quercetin, Laricitrin, Kaempferol, 
Isorhamnetin

DPPH scavenging activity Ruberto et al [45]

Resveratrol, catechin, epicatechin, gallocatechin, gallic acid, 
ellagic acid

Peroxyl radical scavenging activity Yilmaz and Toledo [46]

ML 7.4 ± 0.15 4.4 ± 0.19 Gallic acid, Caffeic acid, Epicatechin, Gallocatechin gallate DPPH scavenging activity, Reducing capacity, Metals 
ion chelating effect, Inhibition of lipid peroxidation 
acitivity

Lin et al [96]

DPPH/NO/superoxide anion scavenging activity, 
Reducing power

Andallu et al [95]

GAE, gallic acid equivalent; QE, quercetin equivalent; DW, dry weight; TS, Toona sinensis; DPPH, 2,2-Diphenyl-1-picrylhydrazyl; EP, Echinacea purpurea L.; ND, non-detected; GP, grape 
seeds and/or skins; ML, Mulberry leave. 
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materials have been shown to benefit animal performance as 
provided in animal diet.

Echinacea purpurea L. 
Lee et al [9] evaluated Echinacea purpurea L. (EP), a herbal 
medicine whose secondary metabolites could improve cellular 
oxidative status and anti-inflammatory activity, as antioxidant 
supplement in broiler diets. Results showed that 0.5% EP sup-
plemental group had higher body weight gain at 0 to 35 days 
of age compared with the non-supplemented (control) group 
(1,793 g/bird vs 1,687 g/bird). Feed efficiency of broilers in the 
0.5 EP supplemented group was higher than the control group 
at 22 to 35 days (1.85 vs 1.90) and 0 to 35 days of age (1.60 vs 
1.66). Moreover, 2% EP addition group, as comparing with the 
control group, showed that dietary supplementation of EP could 
improve meat quality, as reflected by increased pH value (6.18 
vs 6.39 and 6.2 vs 6.33, for breast and thigh respectively), lower 
drip loss in breast (4.15% vs 3.89%) and thigh (5.02% and 4.42%) 
muscles, and increased water holding capacity (65.1% vs 70.6% 
and 69.9% and 75.6%, for breast and thigh muscle respectively); 
these positive benefits were due to decreasing lipid peroxidation 
and ameliorating oxidative status in broilers at 35 days of age, 
further proven by the elevated catalase (CAT) and superoxide 
dismutase (SOD) activities and reduced malaldehyde (MDA) 
levels. Previous studies also suggested the antioxidant potenti-
ality of EP as reflected by the similar antioxidant capacity as 
ascorbic acid [39] attributed to those phenolic compounds that 
are important antioxidants sources for animals [40-42]. Jahanian 
et al [43] further applied the similar concept and material to 
laying hens, generally, the egg production and egg mass were 
increased by dietary supplementation of EP powder; yet these 
effects were diverse among different EP powder supplemented 
levels and feeding periods. However, the numerically reduced 
MDA level in egg yolk, although statistically insignificant, in-
dicated a stable oxidative status of yolk largely owing to the 
Echinacea components, such as echinacoside, cichoric acid, and 
caffeic acid derivatives characterized by their strong antioxidant 
activity [44]. The slight difference in performance may reveal 
that the origin of materials and the targeted animal species are 
also important determining factors influencing the traits pre-
sented.

Grape and the related processing by-products
Recent investigations have stressed the importance of by-products 
recycling since the residues generated usually cause multi-faces 
problems. Hence, useful materials from by-products may represent 
an interesting advance in the maintenance of the environmental 
equilibrium and also an economic revaluation in either animal 
agriculture or animal husbandry. In the areas of wine production, 
great quantities of residues, such as grape pomace composed 
mainly of peels, stems and seed, are generated. Grape skin and 
seeds are well-known polyphenol-rich materials having strong 

capacity to act as powerful antioxidants by scavenging free radi-
cals and terminating oxidative reactions [45,46]. Plant extracts 
rich in polyphenols are good candidates for bio-efficient anti-
oxidants [47]. Ahn et al [48] suggested that grape seed extract 
could improve oxidative stability of cooked beef, similar effects 
was also found in other meat types such as turkey patties and 
cooled stored turkey meat. However, use of such natural anti-
oxidants in animal nutrition could be limited due to the possibility 
of growth suppression [49,50] resulting from the loss of part 
of their antioxidant capacity in vivo [51]. Nevertheless, research 
done by Brenes et al [47] showed that when polyphenols present 
in grape pomace concentrate (GPC) were used in sufficient 
quantity to produce an effect, performance like weight gain and 
FCR were not affected by GPC inclusion, while the ileal and 
fecal digestibility of hydrolyzed polyphenols were 56.73% and 
76.16%, and 55.62% vs 77.78% (for 60 g/kg diet supplementation 
of GPC vs control group) respectively. These results suggest the 
possible poorly absorbed characteristics of polyphenols in grapes 
could further exert the protection of membrane lipid oxidation 
and modulate the antioxidant activity in ileal content (increased 
from 15.8 to 43.5 μmol of Trolox equivalent/g dry weight (DW), 
as dietary supplementation with 60 g/kg control diet), and muscle 
tissue MDA level (reduced from 0.72 to 0.46 mg/kg meat, as 
dietary supplementation with 60 g/kg control diet) in broilers. 

Toona sinensis
Currently, Chinese medical herbs have received considerable 
attention due to not only their therapeutic effects in human 
disorders but their positive association with animals and prod-
ucts quality [7,52]. Herbal remedies or botanicals were added 
to the animal diets to stimulate the performance and/or to 
enhance the antioxidant system [7,9,53]. Toona sinensis (syn. 
Cedrela sinensis A. Juss.; TS), a well-known traditional Chinese 
medicine herb, has been reported to possess a wide range of 
biological functions, including antioxidant activities [5]. Chao 
et al [53] and Hseu et al [54] found that TS exerts an effective 
antioxidant capacity against various oxidative systems in vitro, 
including the scavenging of free radicals and superoxide anion 
radicals, metal chelation and reducing power. Moreover, Yang 
et al [55] pointed out five flavonols and three derivatives of gallic 
acid which have strong antioxidant activity and scavenge super-
oxide free radicals. Lin et al [5] applied dried TS leaves (TSL) 
into the diet of White Roman geese. Despite no significant effect 
being found in body weight gain (1.89 vs 1.83 kg/bird), feed 
intake (12 vs 12 kg feed/bird) or FCR (6.43 vs 6.58 kg feed /kg 
gain) especially between the control and the highest dosage 
(0.2% addition) group during 7 to 12 week, it was noticeable that 
there was a weight difference between male and female geese. 
Tilki et al [56] reported that the live weight became statistically 
significant only when sexes were included; these results suggested 
that sex may be one of the factors contributing to the discrep-
ancy. The last but not least, the serum biochemical parameters 
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in study done by Lin et al [5] revealed that in comparison with 
the control group, serum SOD content was higher in birds fed 
0.2% TSL, suggesting the potential role of its antioxidant com-
pounds such as phenolics or flavonoids, and the growth parameters 
were not negatively affected by TSL supplementation. 

POSSIBLE INTERPLAY BETWEEN 
CERTAIN PHYTOCHEMICALS AND  
ROS-RELATED MOLECULAR TARGET IN 
ANIMALS

In order to combat and neutralize the deleterious effects of ROS, 
the cells develop various sophisticated mechanisms for main-
taining redox homeostasis which could be classified into two 
types of antioxidants. First, direct antioxidants have redox activity 
and short half-lives that should be supplemented or regenerated 
during the process [57]. Moreover, they should be administrated 
frequently and in relatively high dosages to sustain their phys-
iological efficacy. Alternatively, indirect antioxidants act through 
the augmentation of cellular antioxidant capacity by enhancing 
specific genes encoding antioxidant proteins through the key 
transcription factor, nuclear factor (erythroid-derived 2)-like 
2 (Nrf2), that is known as a master regulator of the antioxidant 
response [36,57], so their physiological effects last longer than 
those of directs antioxidants. Further, indirect antioxidants are 
unlikely to evoke pro-oxidant effects which have been a problem 
in the use of high dose vitamin E therapy [58].
  Nrf2 is a basic leucine zipper-containing transcription factor 
that activates phase II/detoxifying and many other genes through 
the cis-antioxidant response element (ARE), which contains a 
conserved core sequence (5’-A/GTGAC/GNNNGCa/c-3’) located 
in the promoter region [59-61], including NAD(P)H:quinone 

oxidoreductase 1 (NQO1), glutathione S-transferase (GST), heme 
oxigenase-1 (HO-1), glutathione peroxidase (GSH-Px), gluta-
matecysteine ligase (GCL), CAT, SOD, uridine diphosphate-
glucuronosyltransferase glucuronosyltransferase, and the 
thioredoxin/peroxiredoxin system, which plays a crucial role 
in cell defense by improving the removal of ROS and, thus, 
has a protective role against oxidative stress [62]. Under normal 
conditions, Nrf2 is sequestered in the cytoplasm by Kelch-like 
ECH associating protein 1 (Keap1), a cytoskeleton binding 
protein, which in turn associates with Cullin 3 to form an E3 
ubiquitin ligase complex that targets Nrf2 for constant protea-
somal degradation [19]. Disruption of the interaction between 
the Nrf2 and Keap1, possibly by covalent modification or oxi-
dation of critical cysteine residues in Keap1, makes unbound 
Nrf2 translocate into the nucleus where it heterodimerizes with 
the small musculoponeurotic fibrosarcoma protein and co-acti-
vator proteins that binds to ARE leading to transcription of 
cytoprotective genes [13,62-64].
  A number of studies demonstrated that many dietary phy-
tochemicals derived from various vegetables, fruits, spices and 
herbal medicines can activate Nrf2 and induce expression of 
antioxidant or phase II detoxifying enzymes [13,36,65]. Recently, 
epigallocatechin gallate (EGCG), lycopene and resveratrol have 
become the subject of more intensive investigation in animals 
[15,17,36]. Further evidence showed that numerous phyto-
chemicals can interfere with multiple cell-signaling pathways 
and they could be used in their natural form in larger doses 
for alleviation of stress in animals [4]. In this review, the five 
selected phytochemicals (catechin, lycopene, curcumin, res-
veratrol and mulberry leaf) are described and their potential 
modulating mechanism toward Nrf2/ARE signaling pathways 
in animals are presented (Figure 2).

Figure 2. The potential molecular mechanism of catechin, lycopene, curcumin, resveratrol, and mulberry leaf modulating Nrf2/ARE pathway and its downstream antioxidant protein. 
Nrf2/ARE, nuclear factor (erythroid-derived 2)-like 2/antioxidant response element.

 

 

 
 
 

Figure 2 
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Catechin
Catechin are monomers of flavonols with a variety of similar 
compounds comprising catechin, epigallocatechin, epicatechin 
gallate (EGC) and EGCG; among the compounds, EGCG is 
the major component of polyphenols in green tea [36,66,67] 
exerting numerous biological effects that are pertinent to human 
medicine including an antioxidant attributed with possessing 
high reductive powers capable of quenching singlet molecular 
oxygen and peroxyl radicals. Sahin et al [36]) supplemented 
EGCG in quail diets to elucidate the action mode of EGCG in 
alleviation of oxidative stress. Decreases in hepatic MDA levels 
and increases in Nrf2 expression were found in birds fed increas-
ing EGCG supplementation levels under heat stress. It is notable 
that the oxidative biomarker levels were strongly correlated with 
expression of hepatic nuclear transcription factors. Although 
there were no analytic data concerning the direct interaction 
between performance and molecular change, there were still 
linear increases in feed intake (4.3%) and egg production (6.9%) 
in response to increasing supplemental EGCG level. Romeo 
et al [68] also showed that EGCG increase HO-1 activity in rat 
neurons to protect from oxidative stress, which is associated 
with Nrf2 activation and translocation. Antioxidant actions of 
EGCG have also found in human skin suffering from oxidative 
stress by UV radiation [69]; as well as human fibroblasts exposed 
to hydrogen peroxide [70,71].

Lycopene
Lycopene is a non-provitamin A carotenoid abundant in tomato 
and its products even byproducts [72], which is a powerful 
antioxidant that provides protection against damage to the cells 
due to free radicals with a singlet-oxygen-quenching ability twice 
as high as that of β-catotene and ten fold higher than that of 
α-tocophenrol. It has been reported that lycopene can regulate 
redox-sensitive molecular targets such as the activation of mitogen-
activated protein kinases and Nrf2 further affecting enzyme 
activity [73]. The supplementation of lycopene in rats increased 
the expression of Nrf2, HO-1, glutathione and antioxidant en-
zymes (CAT, GSH-Px, and SOD) [74]. Sahin et al [14] investigated 
the possible protective role of lycopene in the form of tomato 
powder in quail reared under heat stress and found that tomato 
powder supplementation decreased MDA concentration in 
serum, liver and muscle in all birds of both thermoneutral and 
heat stress groups. In addition, they further reported that lycopene 
might scavenge ROS and activate the antioxidant machinery 
through Nrf2 activation [14,35]. The benefit effects may be attrib-
uted to the accumulation of natural lycopene in tissue [14,15]. 
Lian and Wang [75] and Linnewiel et al [74] evaluated the effects 
of lycopene metabolites on the expression of the ARE/Nrf2-
regulated antioxidant system, reporting that they have the ability 
to stimulate ARE transcription system and induce Nrf2-mediated 
expression of phase II detoxifying/antioxidant enzymes, including 
HO-1, NQO1, GCL, glutathione reductase, and GST. Moreover, 

treatment with lycopene metabolites also increased intracellular 
GSH levels and decreased ROS levels in the cells [75].

Curcumin
Curcumin, a polyphenol phytochemical found in turmeric, has 
been shown to attenuate oxidative stress and preserve the activity 
of several antioxidant enzymes by modulating Nrf2 [76,77]. 
Garg and Maru [78] indicated that curcumin increased ARE-
binding of Nrf2 and induced the activity as well as expression 
of GST and NQO1 and their mRNA transcripts; additionally, 
the liver and lung of mice treated with dietary curcumin had 
reduced oxidative stress. Curcumin could augment antioxidant 
status reflected by elevated expression of the SOD gene in chickens 
fed turmeric [79]. Similarly, Ahmadi [80] reported that CAT 
and SOD activities increased when basal diet of broilers was 
supplemented with 0.3 and 0.6 g/kg turmeric powder. Several 
studies determined that curcumin disrupts the Nrf2/Keap1 
complex, leading to increased Nrf2 binding to ARE and was 
associated with a significant increase in the activity and expression 
of HO-1 [81-84]. Recently, Sahin et al [16] found that Nrf2 
expression level in heat-stressed quail was linearly increased 
in response to increasing supplemental curcumin level, whilst 
the HO-1 level was upregulated. The positive antioxidant effects 
on the transcription level could be further demonstrated in the 
decreased MDA level. The HO-1 gene is redox regulated and 
the curcumin-induced HO-1 overexpression was correlated 
with the activation of transcription factors Nrf2 [85].

Resveratrol
Several studies shown that resveratrol, another polyphenol phyto-
chemical found in grapes, cranberries and peanuts, prevents 
the cytotoxic effects of oxidative stress and can cease the dele-
terious effects of free radicals and concomitant generation of 
ROS in case of heat stress [12,15]. Liu et al [86] observed that 
resveratrol protected human keratinocytes from ultraviolet A-
induced oxidative stress and increased antioxidant enzyme 
activities by increased Nrf2 expression and its accumulation 
in the nucleus. In addition, treatment of resveratrol can normalize 
and increase expression of Nrf2/Keap1 and the Nrf2-targeted 
genes such as SOD, CAT, NQO1, HO-1, and γ-GCS in both in 
vitro and in vivo studies in challenged mice [87,88]. Recently, 
the cytoprotective virtues of resveratrol were applied in the 
animal nutrition field to conquer negative effects of oxidative 
stress. Sahin et al [15] reported that resveratrol supplementation 
resulted in increases in hepatic antioxidant enzyme activities, 
for example, the SOD and CAT activity for quail receiving 0 and 
400 mg/kg diet supplementation were 131.9 and 162.3 U/mg, 
and 46.6 and 60.5 U/mg, respectively. Moreover, the reduction 
of MDA concentration was also confirmed to be significant 
(2.6 and 1.66 nmol/g for 0 and 400 mg/kg diet resveratrol ad-
dition), which may associated with improved egg production 
(87.1% and 93.2%, 0 and 400 mg supplementation per kg diet) 
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and feed intake (30.1 and 31.7 g/d, 0 and 400 mg supplemen-
tation per kg diet) in quails under a heat-stressed environment. 
Regarding the correlation between the surveyed antioxidant 
index and the final performance traits, there were positive 
correlation between performance and hepatic antioxidant en-
zymes’ activities; and negative correlation rather found between 
performance and hepatic MDA level. Similar effects were found 
in serum and egg yolk oxidation status in laying quails fed resve-
ratrol diet. These may attributed to the scavenging effects on 
free radicals [89]; futhermore, research has proved that resve-
ratrol can stimulate Nrf2 leading to upregulation of downstream 
antioxidant/phase II enzymes [90,91] accompanied by reduced 
expression of heat shock protein, a classical sign of stress in 
animals [15].

Mulberry leaves
Mulberry, genus Morus (Moraceae), is a plant with valuable but 
low-cost leaves that have therapeutic applications in traditional 
medicine [92]; these medical effects are mainly linked to the 
leaves’ phenolic composition, which have effective antioxidant 
properties [93,94]. Andallu et al [95] showed that mulberry leaf 
(ML) extract effectively scavenged free radicals such as NO, 
superoxide and 2,2-Diphenyl-1-picrylhydrazyl (DPPH) radicals, 
and exhibited significant reducing power as well. Moreover, 
suppressed lipid peroxidation was also found in erythrocyte 
membranes treated with ML extract; the in vivo study further 
supporting the antioxidant role of ML. We recently identified 
critical polyphenolic components in ML and demonstrated 
that the antioxidant properties exerted in vitro could act and 
be reflected in vivo from not only the improved oxidative status 
markers in serum, e.g. decreased MDA level and increased SOD 
activity, but also the underlying gene expression changes such 
as increased Nrf2 and its downstream antioxidant molecules 
(HO-1 and GST), as well as decreased ROS production factors 
(ROS modulator protein 1 and nicotinamide adenine dinucle-
otide phosphate-oxidase 1 [NADPH oxidase 1]) in laying hens 
fed ML-supplemented diet [96]. The increased egg shell weight 
and shell strength with ML addition in our study may be attrib-
uted to improved oxidative status, as indicated by the underlying 
indirect molecular changes and the direct serum oxidative indices. 
In the light of the present research results, the animal industry 
is paying attention to local, natural and safe materials not only 
for reducing the feed cost but also for improving the animals’ 
condition during raising and their final performance traits. It’s 
worth to considering the possible interplay between the anti-
oxidant benefits derived from phytochemicals and the growth 
and productive parameter of animals. 
  According to literature discussed above, the discrepancy be-
tween trials may be attributed to the origin of the plant materials, 
including the variety and the planting even the storing condition 
and time. Furthermore, for the environment of husbandry, the 
temperature, humidity and the presence of stress factors may 

also influence the results; the last but not the least, may be the 
animal, their health status, gender, even the species are potential 
contributing factors.
  In spite of that, it can be summed that phytochemicals possess 
various kinds and levels of antioxidant components and activities, 
exerting different “strength” in the animal body that can give 
raise to diverse performance outcomes without doing harm. 
The increased antioxidant capacity or the stabilization effects 
while in adverse conditions provided to animals by phyto-
chemicals would act as a value-added benefit from these natural, 
available and even cost-beneficial materials. Moreover, as increas-
ing numbers of phytochemicals become the target of research, 
there may be more and more plants reveled as a source of promis-
ing natural-derived antioxidants to be applied in animal diets. 

CONCLUSION

Today's domestic animals producers are confronted with numer-
ous challenges to prevent oxidative stress-related situation and 
maintain health without using sub-therapeutic antibiotics, not 
only for proper animal health, growth and production but for 
feasible economic outcomes. Therefore, it's necessary to support 
the animals, producers and consumers through a variety of 
positive measures that are effective, valuable, and the prime 
importance, natural. Several studies have shown the antioxidant 
activity of phytochemicals in vitro; however it's more pertinent 
to employ intracellular-signaling cascades as molecular targets 
for elucidating and corroborating the actual efficacy in animal 
body. The aforementioned finding demonstrated that despite 
the ability of these functional phytochemicals to induce the 
expression of antioxidant/phase II enzymes, it appears that their 
major role is acting as modifiers of signal transduction pathways 
to elicit cytoprotective responses through suppressing stress-
induced protein activation and enhancing Keap1 dissociation 
from Nrf2 in response to stressors. Therefore, suppression of 
abnormally amplified oxidation signaling and restoration of 
function as well as activation of antioxidant machinery can 
provide important strategies for prevention of oxidative stress 
and augmentation of antioxidant defense in animals.
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