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ABSTRACT. Nowadays, alternative feed supplements enhancing bird health
are sought by poultry producers. Among different herbs and supplements,
turmeric (Curcuma longa L.), which contains bioactive secondary metabolites
as curcuminoids, has been successfully used as a suitable feed supplement for
poultry. ltinduces a wide range of positive actions in birds, namely: 1. improvement
of several haematological and biochemical indicators, 2. increase of antibody
titers after vaccination (e.g., against Newcastle disease), 3. diminishment of heat
stress by different mechanisms, 4. prevention from harmful effects of aflatoxins
consumed together with diet, 5. increase of antioxidant activity of several organs
(e.g., spleen), 6. decrease in some potentially pathogenic bacteria counts, i.e.
Escherichia coli, in the ileal content of the farmed laying hens. The aim of this
review is to describe and analyse the use of turmeric as feed supplement for

e-mail: jlguil@ual.es

Introduction

With gradually rising human population an in-
creasing demand for poultry meat is expected in the
nearest future. For this reason poultry health is an im-
portant issue. Due to the extremely crowded henhous-
es and consequently poor hygiene, the antibiotics are
extensively used to maintain health and activate bird
growth (Van Boeckel et al., 2015). This is significant
problem since antimicrobial resistance can be derived
from the abusive usage of antibiotics, and thus greater
regulatory efforts are needed (Landers et al., 2012;
WHO, 2012). Moreover, in many countries there are
laws and welfare codes protecting farm animals, in-
cluding poultry, from distress and fear (Main, 2009;
Bonafos et al., 2010). In line with the above require-

birds and its influence on animal health.

ments, some plant-derived active compounds, as
those present in turmeric, could be used to reduce an-
tibiotic overuse and simultaneously increase animal
welfare (Palaniappan and Holley, 2010).

Turmeric (Curcuma longa L.) is a popular me-
dicinal herb, which shows a wide range of pharma-
cological properties, such as antioxidant, antiproto-
zoal, antivenom, antimicrobial, anti-inflammatory,
antiproliferative, antiangiogenic, antitumor and an-
tiaging (Amalraj et al., 2017). The use of turmeric
in poultry production was formerly reviewed by
Khan et al. (2012).

The aim of this review is to describe and analyse
the most recent research on the use of turmeric as
feed supplement for birds and so its effect on animal
health and welfare.
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Active constituents of turmeric rhizome powder
(TRP)

On average, TRP contains 6% crude protein,
5.1% crude fat, 3.5% minerals, 69% carbohydrates
and 13% moisture (Chattopadhyay et al., 2004). Ac-
tive constituents include curcuminoids (Figure 1),
which refer to a group of chemically related active
phenolics present in TRP, i.e. curcumin (diferu-
loylmethane), demethoxycurcumin and bisdeme-
thoxycurcumin (Jurenka, 2009). Curcumin is an
orange-yellow crystalline powder obtained by sol-
vent extraction of TRP, and subsequent purifica-
tion of extract done by crystallization. Curcumin
has the nature of an oily soluble crystalline powder
with a melting point at 174 °C (Sogi et al., 2010).
Other active compounds of turmeric are essential oils
(Figure 2), which are composed mainly by sesquiter-
penes, most of them specific to the Curcuma genus.

0

OH,

The aroma of TRP is principally derived from a- and
B-turmerones, and aromatic turmerone (ar-turmer-
one) (Ravindran et al., 2007). In percentages higher
than 4% of the total compounds, it contains (in de-
creasing order): Z-(y)-atalantone, E-(y)-atalantone,
S-(ar)-turmerone, P-sesquiphellandrene, a-zingibe-
rene, o-turmerone, a-zingiberene, 1,8-cineole and ar-
curmenene (Chassagnez-Méndez et al., 2000).

Biological activities of turmeric and its
constituents

The biological activities of the compounds pre-
sent in TRP have been widely studied. The most
important activities for poultry production are those
mentioned below.

Antioxidant properties. Curcuminoids have
powerful antioxidant activity, which has been evalu-
ated both in in vitro and in vivo tests. The antioxidant

OH

Curcumin: (1E,6E)-1,7-Bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione; R =R,=OCH,
Demethoxycurcumin: 1-(4--hydroxy-3-methoxyphenyl)-7-(4-hydroxyphenyl)-1,6-heptadiene-3,5-dione; R,=R,=0CH,
Demethoxycurcumin: 1,7-Bis(4-hydroxyphenyl)-1,6-heptadiene-3,5-dione; R,=R =H

Figure 1. Chemical structure of curcumonoids. Structures were drawn using ChemDraw Ultra software (Cambridge Soft Co., Cambridge, MA, USA)
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Figure 2. Chemical structure of compounds contained in the essential oil of Curcuma longa L. Structures were drawn using ChemDraw Ultra

software (Cambridge Soft Co., Cambridge, MA, USA)
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activity of curcumin is linked to the presence of phe-
nolic groups in the molecule, and this activity can be
related to anti-inflammatory, hepato- and cardio-pro-
tective effects of curcumin. Furthermore, it has been
demonstrated that curcumin can be successfully used,
along with standard drugs, as an adjuvant in a drug
therapy of oxidative stress-induced diseases (Amalraj
etal., 2017).

Anti-inflammatory activity. The action of cur-
cumin against inflammation is affected by several mo-
lecular pathways, i.e. by reducing immune response,
increasing xenobiotic metabolism, amelioration of
inflammation by decreasing neutrophil migration and
improving barrier remodelling. Overall, curcumin is
a highly pleiotropic molecule, able to interact with
numerous molecular targets leading to inflammation
(Jurenka, 2009).

The inhibition of inflammatory cytokines is a typ-
ical action of several anti-inflamatory drugs — the one
of the mechanisms which is affected by curcumin. It
has been demonstrated in in vitro studies that curcu-
min regulates the activation of some transcription fac-
tors, such as activating protein-1 (AP-1) and nuclear
factor kappa B (NF-«B) in stimulated monocytes and
alveolar macrophages, thus blocks the expression of
genes encoding cytokines (Jobin et al., 1999). On the
other hand, in the in vivo studies it has been shown
that curcumin also inhibits arachidonic acid metabo-
lism and inflammation in mouse skin epidermis via
down-regulation of the cyclooxygenase and lipoxy-
genase pathways (Huang et al., 1991).

Antiviral and antifungal activity. The in vitro
activity of curcumin against influenza viruses was
evaluated by Chen et al. (2010) with promising re-
sults. It was found that curcumin interrupts virus-cell
links hindering the multiplication of the influenza vi-
rus and exerts a direct effect on viral particle infectiv-
ity. Furthermore, Zhang et al. (2012) tested the action
of curcuminoids on Candida albicans growth with
the use of microcalorimetry. Structural activity rela-
tionship confirmed that the existence of the methoxyl
group might enhance lipophilicity of the mother nu-
cleus, which made easier for the molecule to enter
into the cell membrane of fungi inhibiting its growth.

Immunomodulatory properties. The polar frac-
tion of C. longa has been tested for immunomodulato-
ry activities on human peripheral blood mononuclear
cells. This extract exhibited stimulatory effects on the
proliferation of such cells, evaluated by the (methyl-
*H)-thymidine incorporation assay. It was concluded
that curcuminoids and polysaccharides can be used as
potentially adjuvant supplement for cancer patients
whose immune system was suppressed by chemo-

therapy (Yue et al., 2010a). Furthermore, a-turmerone
and ar-turmerone have shown stimulatory effects on
peripheral blood mononuclear cells proliferation and
cytokine production (Yue et al., 2010b).

Haematological, biochemical and
immunological indicators of poultry health

Some factors related to animal welfare may alter
certain haematological markers. For instance, stress
can influence haematological counts — it induces ad-
renocorticotropic hormone (ACTH) secretion and
subsequent release of epinephrine and norepineph-
rine that contribute to transient neutrophilia. This
may affect the immune response since heterophils
and neutrophils constitute the first line of defence
with efficient chemotactic response against foreign,
viable or innate agents (Kumari et al., 2007). Glucose
is a serum biochemical marker that is widely ana-
lysed. Its reduced plasma level indicates its adequate
utilization by tissues, possibly due to a stimulation
of glucose transporters, which indicate a better use
of energy. Further, glucose is utilized by birds for
a variety of functions, mainly for energy production
through cellular oxidation, glycogen synthesis in liver
and glycolytic muscles, fatty acid synthesis as well as
synthesis of nonessential amino acids, vitamin C and
other metabolites (Braun and Sweazea, 2008). An-
other interesting serum marker is total protein, which
seems to be related to a better ability of hepatocytes
to synthesize protein, and so it indicates a better hu-
moral immune status (Kumari et al., 2007). In birds,
plasma concentration of uric acid is exceptionally
high in comparison with other vertebrates. This fact
has been suggested as a possible mechanism to pro-
tect birds from oxidative damage. Indeed, increased
plasma concentration of uric acid in chickens reduces
leukocyte oxidative activity while decreased con-
centrations are associated with increased leukocyte
oxidative activity. Knowing that increased concentra-
tion of uric acid results from protein degradation, one
of the consequences of increased protein catabolism
during prolonged exercise may be an improved anti-
oxidative defence resulting from the higher uric acid
concentration (Tsahar et al., 2006).

In recent years, enzymatic assays have become
an effective tool for understanding the poultry health.
However, there is a high individual variation in en-
zyme activities among birds, so that data should be
interpreted attentively. Enzyme activity in birds is
affected by numerous factors, including age, sex,
species, breed, nutrition, physiological state and farm-
ing methods. Enzyme activity analyses are crucial for
determination whether oxidative stress reactions are
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induced in cells and which cells or organs have been
damaged by this process. Oxidative stress is gener-
ally connected with increased activity of aspartate
aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP) and lactate dehy-
drogenase (LDH); as well as to a decreased activity
of superoxide dismutase (SOD) and glutathione per-
oxidase (GPx) (Ognik and Krauze, 2016). Generally,
the use of feed components and supplements with an-
tioxidants or immunostimulatory properties mitigates
oxidative stress, which is manifested through suitable
changes in the activity of these enzymes; thus, such
activity is regularly evaluated to discern positive ef-
fects of different feed supplements.

On the other hand, changes in the plasma lipids
of poultry can be too complex to interpret. For in-
stance, high plasma levels of lipids in laying hens
reflect the significant demand for yolk lipids by the
growing oocytes. Other important fact to consider is
that the low density lipoproteins (LDL) and very low
density lipoproteins (VLDL) in meat-type chickens
occur in much smaller proportions than high density
lipoproteins (HDL). Furthermore, it is convenient to
keep in mind that the plasma concentration of HDL
in laying hens is depressed by 2- to 3-fold in com-
parison with mature hens or broilers. Also the bird
age may influence the relationship between lipopro-
tein metabolism and egg production. The total num-
ber of eggs decrease in hens with increased blood
LDL concentration; and highly productive hens pro-
duce little LDL (Musa et al., 2007).

Cytokines belong to a broad category of small
proteins (~5-20 kDa) that are important in cell sig-
nalling. Besides that, lymphokines are a subset of cy-
tokines that are produced by a type of immune cells
known as T lymphocytes, being an effective tool for
discerning the health status of poultry, given that the
avian immune system operates on the same general
principles as the mammalian (Sharma, 1991). Among
the already identified cytokines in chickens, the most
prominent are interleukine (IL)-1, IL-2, IL-4 and in-
terferon (IFN)-y. Interleukins play a physiological
role in inflammation and a pathological role in sys-
temic inflammatory status: IL-1 serves as a signal for
the activation of T cells, and T cells, in turn, secrete
IL-2; avian IFN-y plays a pivotal role in modulat-
ing cellular immunity: it activates macrophages, en-
hances natural killer cell activity, inhibits species-
specific viral replication, and is known as T helper
cell type 1 (Thl)-type cytokine (Sharma, 1991; Ohtsu
et al., 2015); IL-4 is known as a Th2-type cytokine,
which acts in humoral immunity (Ohtsu et al., 2015).

Feeding trials using TRP or curcuminoids
for improving bird health

TRP or its extracts usage in poultry production
is fairly recent examined. Performance, growth and
some other parameters are widely evaluated, never-
theless the studies on unequivocal markers of animal
health will be presented and discussed below.

It was stated that in chicken, TRP could increase
beneficial cholesterol fractions (HDL) and haemoglo-
bin (Hb), while decreasing LDL-cholesterol, VLDL-
cholesterol, red blood cells (RBC), triacylglycerols
(TAG) and blood albumin levels (Emadi et al., 2007;
Kumari et al., 2007; Daneshyar et al., 2011; Nouzar-
ian et al., 2011; Sugiharto et al., 2011; Faghani et al.,
2014). Furthermore, Kumari et al. (2007) found that
TRP induced a decrease in concentration of uric acid
in serum (from 6.31 to 4.21 mg - dI'') and an in-
crease in total protein content in serum (from 3.15 to
3.49 mg - dI'"). In healthy birds these both levels are
~5mg - dI'! (Simaraks et al., 2004), thus, TRP might
be used to revert pathophysiological effects like those
induced by stress, in which protein catabolism is in-
creased (Lin et al., 2006).

Concerning plasma lipids, the use of pure cur-
cumin at low doses in feed reduces cholesterol level
in broilers (Rajputetal., 2013), while the same effect
of TRP is possible when it is used at high amounts,
upto 1 g- kg feed.

TRP has been reported to induce positive effects
on enzymes and hormones that directly or indirectly
reflect the health status of broilers, and has been es-
sayed to ameliorate the harmful effect of heat stress
in such birds, which are highly susceptible to this
due to high production performance and feed con-
version ratio (FCR). For instance, such stress in-
creases serum AST activity, which is ~37 Unit - ml™!
in 20-day old free-stress birds (Kumari et al., 2007).
At the same time, cortisol value in those animals is
~1.15 pg - dI'! (Swathi et al., 2012a). Furthermore,
heat stress exerts negative effects on the immune re-
sponse in broiler chickens, e.g., spleen, is atrophied
by its presence, and as a consequence the expres-
sion of splenic cytokines such as IL-12 and IFN-y is
changed (Ohtsu et al., 2015).

Nutritional strategies are focused on alleviating
the negative effects of heat stress by supplementing
medicinal herbs and micronutrients, i.e. vitamins
and minerals, to satisfy the special needs during heat
stress, which have been proven to be advantageous
(Lin et al., 2006). In this regard, strategies using TRP
or curcuminoids in bird diets have been implemented.
For such experiments, stress is usually applied for
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5-8 h - day !, at 33-34 °C, and to discern the protec-
tive effects of such feeding, lipid metabolism, blood
metabolites, immune system and the antioxidant
status before and after heat stress are determined.
Also, feeding trials using cold stress have been car-
ried out using curcumin up to 1000 ppm in feed,
which induces a significant increase in GPx activ-
ity, although the most effective dose was 50 ppm
(Eclache et al., 2011).

Different feeding trials resulted in the favour-
able effects of TRP on heat-stressed poultry. The
main findings are: 1. low blood total cholesterol and
LDL-cholesterol concentrations and high cholesterol
HDL fraction in birds fed diet supplemented with
TRP at pre- and after-application of heat stress,
2. TRP-induced decreased activity of several enzymes
usually increased in heat-stressed birds, i.e. LDH,
AST, ALT and ALP, 3. improved by TRP blood ac-
tivity of GPx and SOD, which protects the organ-
ism from the oxidative damage; 4. decreased by
TRP blood thiobarbituric acid reactive substances
(TBARS) index, an indicator of oxidative dam-
age, and 5. TRP-reduced malondialdehyde (MDA)
concentrations, which indicates an improved anti-
oxidant and detoxifying status of birds (Emadi and
Kermanshahi, 2007; Hosseini-Vashan et al., 2012,
2015; Wang et al., 2015). In this line of research, pure
curcumin has been tested in heat-stressed quails, and
it was established that curcumin ameliorates heat
stress through modulating the hepatic nuclear tran-
scription factors and heat shock protein 70 (Sahin
etal., 2012).

TRP or curcuminoids have been successfully
applied to raise the immune status of farm birds af-
ter vaccination, it was noted that antibody titers were
increased by supplementation with turmeric in feed
(Faghani et al., 2014). Such effect would be very
useful when vaccinating against Newcastle disease,
a highly contagious viral disease for poultry, which
causes significant economic losses. Unfortunately,
the vaccination could not prevent a disease occur-
rence in farm conditions (Moomivand et al., 2013),
therefore, strategies seeking to increase the immune
response by co-administration of herbal prepara-
tions for improving antibody titers after Newcastle
disease virus (NDV) vaccination have been imple-
mented, and it was found that TRP increases the hu-
moral response (Kumari et al., 2007). Furthermore,
in the post-vaccination periods for other avian infec-
tious viruses, such as the infectious bronchitis vi-
rus (IBV) and infectious bursal disease (IBD), TRP
induces higher IBV- and IBD-specific antibody ti-
ters (Qasem et al., 2015).

Coccidiosis is an enteric disease caused by sev-
eral Eimeria species, which represents one of the
highest economic problems for the poultry indus-
try. Live Eimeria vaccination stimulates immunity;
however, the success of a live coccidiosis vaccine
is linked to poultry management techniques, and the
use of stimulators of immunity to achieve high an-
tibody titers is desirable (Price et al., 2013), so that
alternate methods for control of coccidiosis are lim-
ited. TRP has been tested on innate immunity and
protective immunity against £. acervulina infection.
It was noted that in the coccidiosis-infected chick-
ens fed TRP at a dose of 5 mg - kg™ live weight
reduced faecal oocysts, and higher serum antibody
titers and transcripts encoding cytokines (IL-6,
IL-15 and IFN-y) were found in comparison with
birds fed only standard diet (Lee et al., 2010).

Aflatoxins (AF), frequent in maize-based feed,
causing hepatotoxic and hepatocarcinogenic effects,
constitute another serious problem in poultry pro-
duction (da Rocha et al., 2014). Poultry are extreme-
ly sensitive to the toxic and carcinogenic actions of
AFB,, and annually producers suffer high losses
due to reduced growth rate and several other ad-
verse effects. The extraordinary sensitivity to AFB,
is associated with efficient hepatic cytochrome P450-
mediated bioactivation and deficient detoxification
by glutathione S-transferases (GST) (Rawal et al.,
2010). In experiments designed to ameliorate the ef-
fects of aflatoxin through TRP intake, AF was admin-
istered to birds up to 1 ppm in diets, or 30 pg - kg™
live weight per day, while the basal diet contained
TRP up to 0.5%, which correspond to ~150 mg - kg™
of curcumin. It was found that the addition of TRP to
the AF diets ameliorated the negative effects of AF
on growth performance and liver weight (Yarru et al.,
2009; Ahmadi, 2010). Furthermore, the inclusion of
TRPin AFB, diets alleviates the increased expression
of immune system genes due to such toxin, as well
as TRP (0.5% feed) results in increased expressions
of IL-2 and IL-6 (Yarru et al., 2009); counteracts the
adverse effects of AFB, on serum metabolites such
as proteins, uric acid and glucose; prevents the de-
creased antioxidant status caused by AFB, (Ahmadi,
2010), and also, increases ALT and AST activities,
and cholesterol, TAG and lipid peroxidation levels
(Ayoub et al., 2011).

Other effects of TRP supplementation are: an in-
crease in serum levels of Mn, Zn, Fe and Cu (Kumari
et al., 2007); an improvement of plasma thyroxine
(T4) level and fat utilization, which led to a bet-
ter utilization of the apparent metabolizable energy
(Rajputetal., 2013), and the simultaneous decrease in
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Escherichia colipopulations in parallel with increased
Lactobacillus spp. counts (Faghani et al., 2014).

Feeding trials using TRP in conjunction
with other active agents to maintain good
health in farmed birds

As previously indicated, TRP has been used in
combination with other agents with different pur-
poses, for instance to avoid adverse effects of heat
stress in poultry production. To this end, TRP and
sodium selenite alone and combined have probed ef-
ficacy on decreasing triiodothyronine (T3), while its
interaction decreased plasma cholesterol and TAG
concentration (Zeinali et al., 2011).

Tulsi (Ocimum sanctum) is a small herb that is
characterized by a broad spectrum of anti-infective
properties, developing antifungal and antibacterial
actions, with eugenol as active constituent (Prakash
and Gupta, 2005). The combination of TRP with tulsi
had beneficial effects on heat-stressed broilers, while
TRP exerted better effects than tulsi in improving
several haematological parameters in birds (Swathi
etal., 2012b). Furthermore, tulsi and TRP at a dose of
0.5 and 0.4% feed, respectively, lowered the activity
of serum enzymes and concentration of cortisol and
simultaneously increased total protein, albumin and
globulin content in comparison with heath-stressed
birds fed control diet (Swathi et al., 2012b).

Also using TRP in combination with other com-
ponents as betaine, zeolites or capsaicin can be an-
other valuable solution. Betaine is an osmolyte that
can be used in order to help thyroxine to maintain cel-
lular water and ion balance in animals, which spares
valuable metabolic energy. Its use improves carcass
lean deposition, particularly under stress. Combina-
tions of TRP and betaine to circumvent the effects
of heat stress have been also tested, and several se-
rum biochemical parameters used as stress indicators
were improved. On the other hand, the serum concen-
tration of MDA induced by heat stress decreased by
TRP supplementation, while antioxidant and detoxi-
fying enzymes improved activities in the supplement-
ed groups (Akhavan-Salamat and Ghasemi, 2016).

Several years ago, it was discovered that the in-
clusion of zeolite (a hydrated aluminosilicate), espe-
cially zeolite A, into diets helped animals to endure
or resist the negative effects that are associated with
excessive heat conditions (Laurent and Sanders,
1988). Trying to achieve high antibody titers against
coccidiosis, the efficacy of TRP with aluminosilicate
has been tested on haematological and parasitological
parameters, and it was found that such combination
improves Hb content and packed cell volume (PCV)
in broilers (Singh et al., 2009).

The Clostridium-related poultry disease, ne-
crotic enteritis, causes significant economic losses
in poultry farms. Capsicum oleoresin has been pro-
posed to reduce the incidence of this disease, con-
sidering its well-known anti-inflammatory and an-
tibiotic effects in human and veterinary medicine
(Kim et al., 2010). Capsicum and TRP oleoresins
jointly applied to broiler chickens infected with
Clostridium perfringens, Eimeria maxima and oo-
cysts has been probed successfully to reduce gut le-
sion scores, while such combination decreased se-
rum a-toxin levels and several intestinal cytokines
levels, among other beneficial effects (Lee et al.,
2013).

Amla (Phyllanthus emblica L.) is a medicinal
plant that contains phenolic compounds, display-
ing anti-inflammatory, antibacterial, antioxidant and
chemopreventive properties (Mirunalini and Krish-
naveni, 2010). Trying to stimulate the bird immune
system, a mixture of TRP, amla and tulsi, was tested
in broiler chickens. It was found that the immune
response, measured as the highest dilution of serum
that inhibits haemaglutination (HI titre), to NDV
vaccination slightly increased (Tirupathi Reddy
etal., 2012).

Black pepper (Piper nigrum L., BP) is a species
acting as antiapoptotic, antibacterial, antifungal,
antidiarrhoeal, anti-inflammatory, antimutagenic,
antitumoral and hepatoprotective additive (Ahmad
et al., 2012). Coriander seeds (Coriandrum sativum
L., CS) constitute a natural antioxidant able to in-
hibit unwanted oxidation processes (Wangensteen
et al., 2004). It was found that the combined use
of TRP, CS and BP was adequate to improve the
immune response after NDV vaccination (Abou-
Elkhair et al., 2014).

Garlic (Allium sativum L., AS) is a food ingre-
dient with antimicrobial, antioxidant, immunomod-
ulatory and prebiotic activities (Corzo-Martinez
et al., 2007), while black cumin (Nigella sativa L.,
NS) has immunomodulatory and immunotherapeu-
tic potential (Salem, 2005). In connection with the
fact that poultry are often vaccinated against IBD si-
multaneously to NDV, TRP was used in conjunction
with AS and NS trying to improve antibody titers
against IBD, and best value was noted using NS (Ali
etal., 2014).

Some experiments were carried out using TRP
in conjunction with other agents, e.g., vitamins,
enzymes and medicinal plants, to evaluate health
indicators in general, without checking them against
specific subjects. Good results were obtained in
biochemical and haematological analyses of PCV,
blood uric acid, glucose, TAG, cholesterol fractions,
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liver enzymes, inflammatory markers and oxidative
stress indicators (Mehala and Moorthy, 2008;
Ashayerizadeh et al., 2009; Akbarian et al., 2012;
Nayaka et al., 2013; Kilany and Mahmoud, 2014;
Mahejabin et al., 2015; Santoso et al., 2015).

Furthermore, many researchers evaluate the ef-
fects of TRP and mannan-oligosaccharides on in-
testinal bacteria in broilers. Functional oligosac-
charides are effective in gastrointestinal normal
flora proliferation and pathogen suppression (Patel
and Goyal, 2011). The combination of such addi-
tive with TRP produced a remarkable inhibition of
duodenal coliform bacteria, yeast and mould in the
caecum and all viable microbes in the ileum (Sama-
rasinghe et al., 2003).

Feeding trials using TRP or its extracts,
and TRP in conjunction with other active
agents to improve the health of laying hens

Like in broilers, most experiments on laying hens
deal with the use of TRP to improve biochemical pa-
rameters in blood, such as cholesterol fractions, as
well as to decrease serum AST and ALT activities and
TAG concentration. In all cases, TRP has been suc-
cessfully used. For instance, Kermanshahi and Riasi
(20006) indicate a decrease of 63.9, 50.2 and 63.3% for
TAG, total- and LDL-cholesterol levels, respectively,
while HDL-cholesterol content was raised up to 15%.
Similar results were obtained by many other authors
(e.g., Malekizadeh et al., 2012; Riasi et al., 2012;
Arshami et al., 2013; Saraswati et al., 2013; Mirbod
etal., 2017). Concerning enzyme activities, Malekiza-
deh et al. (2012) found that AST and ALT activities
decreased by 5.1 and 19.0%, in line with the results of
Mirbod et al. (2017) and Saraswati et al. (2013).

On the other hand, TRP improves laying hen
immunity, since it increases total immunoglobu-
lins (Ig) and IgG titers after sheep red blood cells
(SRBC) injections (Arshami et al., 2013), and TRP
boosted the immune response to NDV and SRBC
antigens, although feeding TRP also decreased the
heterophils:lymphocytes ratio (Mirbod et al., 2017).
Another interesting effect of TRP supplementation
is a decrease of E. coli counts in the ileal content of
farmed laying hens (Mirbod et al., 2017).

Possible toxicity of TRP and effects
on morphological indicators

The use of TRP in poultry production seems to
be safe. Concerning broiler chickens, AL-Sultan and
Gameel (2004) found that turmeric at high doses (2.5,
5.0 and 10.0% of feed given for several weeks) in-
duced parenchymal and portal infiltration of mononu-

clear cells and hyperaemia of portal vessels in liver.
Considering TRP doses usually used in the feeding
trials reviewed here, which are below 2% in all cases,
it can be concluded that such level of inclusion of
TRP in poultry diets is toxicologically safe.

Performance indicators are also noticeable. In
the vast majority of experiments conducted with
TRP or curcuminoids, or TRP in conjunction with
other active agents, most of these indexes were im-
proved, such as body weight gain, FCR, feed intake
and growth performance, while in laying hens TRP
feeding increased egg production, and in broilers it
lowered abdominal fat.

Conclusions and future trends

Tumeric rhizome powder (TRP) contains bioac-
tive secondary metabolites and curcuminoids that are
needed to produce heathly poultry. Besides the good
results of bird performance, TRP inclusion into feed
induces positive actions on blood biochemical pa-
rameters, such as the enhancement of the activities
of antioxidant and detoxifying enzymes. It also im-
proves antibody titers in the post-vaccination periods,
counteracts the harmful effects of aflatoxins provided
with diet, and decreases some potentially pathogenic
bacteria counts in the ileal content of farmed laying
hens. Furthermore, TRP may be used successfully to
ameliorate heat stress in poultry.

All studies on the use of TRP in poultry are re-
cent, and describe the widespread use of antibiotics in
animal production, as well as its expected progressive
withdrawal — comparative research on turmeric vs
antibiotic will be very interesting and useful. Specifi-
cally, setting precise doses to prevent infections needs
further investigation. An important gap of knowledge
detected in this work is the lack of trials conducted on
the effects of TRP on the microbiology of the diges-
tive tract of poultry. Nevertheless, the little research
performed in this area is promising, and thus new
studies on this will be well welcomed. Feeding tri-
als exploring the effects of TRP in conjunction with
other healthy agents on gut microbiota and humoral
immunity of poultry constitute the priority line of re-
search on this subject to be developed in the future.
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