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ABSTRACT 
Intensive production practices, faulty maintenance and feeding, 

unsuitable keeping conditions, antinutritional factors in feeds and 

similar abnormalities lead to irregularities in both hormone and 

enzyme systems in poultry. Especially, due to disorders in endocrine 

system, a specific hormone, melatonin, can not be produced or 

underproduced, and thus its metabolic and physiological functions are 

negatively affected in the organisms.  

Melatonin (ML) is one of the important hormones that prevent 

metabolic and physiological disorders in poultry but does not attract 

attention by poultry scientist. ML regulates the brain's biological 

clock, acts on respiration, circulation, excretion, reproduction and 

immunity system. ML helps regulate feed consumption, energy 

metabolism and body heat. It also provides elimination of free radicals 

in the body. ML stimulates growth hormone secretion and, thus, 

effects growth performance of poultry positively.  

It is considered necesary to focus more effectively on the melatonin 

hormone, which is a positive contribution to animal welfare by 

correcting metabolic-physiological disorders in poultry. In this review, 

the definition of melatonin, its interaction with other hormones, its 

effect on the physiological and metabolic functions of poultry were 

examined. 
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Melatonin’in Kanatlı Hayvanlarda Önemi 
 

ÖZET 

Yoğun üretim uygulamaları, hatalı bakım ve besleme, uygun olmayan 

barındırma koşulları, yemlerde antibesinsel maddelerin bulunması ve 

buna benzer anormallikler kanatlı hayvanlarının hem hormon hem 

de enzim sistemlerinde düzensizliklere yol açmaktadır. Özellikle 

endokrin sistem ile ilgili anormallikler yüzünden spesifik bir hormon 

olan melatonin üretilemediğinden ya da yetersiz üretildiğinden 

organizmada metabolik ve fizyolojik fonksiyonlar olumsuz 

etkilenmektedir. 

Melatonin (ML), kanatlı hayvanlarda metabolik ve fizyolojik 

düzensizlikleri önleyen ancak dikkat çekmeyen önemli hormonlardan 

birisidir. ML, beynin biyolojik saatini ayarlar, solunum, dolaşım, 

boşaltım, üreme ve bağışıklık sistemi üzerinde etkili olur. ML, yem 

tüketimini, enerji metabolizmasını, vücut ısısını düzenler ve vücutta 

serbest radikallerin yok edilmesine yardım eder. ML, büyüme 

hormonu salgılanımını uyararak büyüme performansını olumlu 

etkiler. 

Kanatlı hayvanlarda metabolik-fizyolojik bozuklukların 

düzeltilmesini sağlayan ve hayvan refahına olumlu katkıda bulunan 

ML hormonu üzerine daha etkili şekilde odaklanmanın gerekli olduğu 

düşünülmektedir. Bu derlemede, melatonin’in tanıtımı, diğer 

hormonlarla interaktif ilişkileri, kanatlı hayvanlarının fizyolojik ve 

metabolik fonksiyonları üzerindeki etkisi incelenmiştir. 
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INTRODUCTION 

Birds are diurnal animals when offered light they 

consume feed. In poultry production, broiler chicks are 

subjected to 23-24 h continuous lighting while egg type 

chickens are subjected 14-16 h lighting during all day. 

These conditions are different than their ancestors in 

natural ecological condition in which their activities 

were based on day time lighting, ie., sunlight. By 

domestication or intensive production, birds’ hormonal 

system has been under control, causing that they 

become more sensitive to enviromental changes such 

as temperature, humidity, crowding, dust, etc. Under 

poorly conditions, free radicals are generated in the 

body in such a large quantity for the natural 

antioxidant defence systems of the body. Also, this 

condition causes some changes in metabolism and 

increases oxidative damage to cells and decrease in 

feed intake, live weight, egg production, feed 

conversion ratio and egg quality traits. In addition, 

this has been led to some zootechnical problem in 

poultry house such as sudden death sendrom, 

alertness to poultry keper, stress and other illness, 

causing economical losses in poultry production. If we 

would offer chickens a sufficient time of darkness, they 

could produce their own melatonin from their pineal 

gland to behave naturally, yet this has been not 

hapened.  

It is thought that melatonin plays an important role in 

the neuroendocrine control of some metabolic and 

physiological actions, sexual maturation, reproductive 

function and modulate efficiency of nutrient utilisation 

of poultry. In addition, poultry studies appear that 

body temperature, physiological actions and seasonal 

rhythms may affect by melatonin. 

Therefore, in this review, melatonin was deeply 

investiaged by literature work to explore its detailed 

effects on birds in order to produce some suggestions 

on behalf of poultry welfare. 
 

Cicardian rhythm in poultry 

Birds have quite complicated behavior and impressive 

gripping skills (Taylor et al., 2007; Grodzinski and 

Clayton, 2010) exhibiting biochemical, physiological 

and behavioral activities specific to their nature in 

relation to daily and seasonal process (Cassone and 

Westneat, 2012). For this reason, to observe biological 

time is very important in poultry production (Cassone, 

2014). Behaviors and capabilities are modulated by 

circadian biological clocks in birds (Cassone and 

Westneat, 2012). 

The circadian rhythm in bird is highly synchronized 

pineal gland, retina and hypothalamus. ML secretion 

from pineal gland in the dark is reflection or working 

sign of circadian rhythm (Stehle et al., 2003; Zawilska 

et al., 2006; Trivedi and Kumar, 2014). The pineal 

gland has a complementary role in the regulation of 

the rhythmic function of endocrine system (Csernus 

and Mess, 2003) which controls the circadian patterns 

of ML biosynthesis and photo-receptors (Natesan et al., 

2002). In poultry, circadian behavior is performed by 

epiphyseal ML (Mishra and Kumar, 2016).  

ML provides the frequency of one or more oscillators or 

the coupling between different oscillators. For this 

reason, any change in ML profile causes changes in 

circadian system functions (Kumar et al., 2004).  

In birds, the circadian rhythm is controlled by the 

master clock located in the hypothalamic 

suprachiasmatic nuclei (SCN) in front of the 

hypothalamus (Brandstatter and Abraham, 2003). 

Circadian rhythm shows similarities between all bird 

species, but it is not true to generalize it for all 

(Cassone et al., 2017). It was reported that the 

exogenous ML administration inhibited the metabolic 

activity of SCN in chickens (Cantwell and Cassone, 

2002), but the effect of ML on gene expression of the 

mSCN clock in quail was minimal (Yasuo et al., 2002). 
 

Melatonin secretion in birds 

Birds have a pineal gland that varies in size, shape and 

localization (Przybylska-Gornowicz et al., 2005; Prusik 

et al., 2006; Prusik et al., 2015). In the pineal gland, 

ML, which can be modulated by light, darkness and 

temperature changes, is produced (Pang et al., 1996). 

However, ML secretion may, be influenced by 

additional factors. Heat induced by high ambient 

temperature and high relative humidity during hot dry 

season causes heat stress in birds. (Sinkalu et al., 

2010). Animal studies have shown that melatonin has 

a thermoregulatory role. Furthermore, ML has a 

crucial role in circadian thermoregulatory adjustments 

of body temperature (Saarela and Reiter, 1994). 

ML is a neurogenic hormone synthesized in the dark 

in the epiphysis and in the light in retina (Ambriz-

Tututi et al., 2009). Approximately 80% of ML in the 

bloodstream is produced by the epiphysis (Şener, 

2010). It is also secreted from the skin, testes, bone 

marrow, thrombocytes, lymphocytes and the 

gastrointestinal tract (Bubenik, 2002). The chemical 

events that occur in the 24-hour cycle in organism, 

hormone production and metabolism are regulated by 

circadian oscillators in the epiphysis (Csernus, 2006). 

Approximately, 80% of ML in the bloodstream is 

secreted by the epiphyseal gland (Şener, 2010). ML 

participates in many physiological processes in the 

organism (Lamosova et al., 1997) that are rapidly 

transported to other organs through blood and spinal 

fluid and can easily pass through biological 

membranes due to its lipophilic nature. Excess ML is 

inactivated by hydroxylation in the liver (Lazar et al., 

2015) and is excreted in urine (Reppert, 1997). There 

is a multi-synaptic nerve pathway that connects the 

pineal gland to the out enviromental via the retina. ML 
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production is stimulated in dark periods and is 

inhibited in the light (Timothy and Birdsall, 1996, 

Barrenetxe et al., 2004). ML receptors in poultry are 

not found only in different central nervous systems 

associated with sensory functions (Cassone et al., 

1995), but also in many peripheral organs such as the 

lung (Pang et al., 1993), spleen (Yu et al., 1991) and 

gastrointestinal tract (Lee and Pang, 1992). 
 

The physiology of melatonin 

ML plays a vital role in regulating neural and 

endocrine processes that are synchronized with daily 

changes in light (Lazar et al., 2015). Serum ML 

concentrations reflect environmental lighting 

conditions and allow information to be transmitted to 

the entire organism (Zeman et al., 2001). The circadian 

rhythm is controlled by light-sensitive ML (Liu et al., 

2011; Singh et al., 2012) as reproduction, excretion, 

blood pressure, immunity, thermoregulation, 

neuroendocrine and physiological systems, sleep 

regime, work of such organs heart and lung (Pang et 

al., 1996; Apeldoorn et al., 1999; Ambriz-Tututi et al., 

2009; Schwean-Lardner et al., 2013).  

While the ML produced in the pineal gland is secreted 

in response to darkness, the ML produced by the 

enterochromaffin cells of the gastrointestinal tract is 

secreted, in particular in response to the feeding 

(Bubenik, 2002).  

ML stimulates lymphocyte production and antibody 

formation (Zheng et al., 2013) to improve immunity. It 

helps remove free radicals from the body (Bubenik, 

2001; Zheng et al., 2013) with its antioxidant effect 

(Ahmed et al., 2005).    

The production of ML in poultry is controlled by three 

main mechanisms: direct light reception, endogenous 

generator and noradrenergic transmission (Prusik et 

al., 2015). There are 3 ML receptor subtypes in 

chickens; Mel1A, Mel1B and Mel1C. Each of these 

receptors has different affinities for ML. ML receptor 

subtypes are found at different concentrations and 

quantities in different parts of the body. Mel1A and 

Mel1B receptors are found in organs such as the heart, 

retina, epiphysis, liver and lung. Mel1A is present in 

the retina of chickens, while Mel1A and Mel1B, Mel1A, 

Mel1B and Mel1C are in the ovary. Mel1C in the 

crustacean affects the crustal thickness of the egg. ML 

receptors in quail egg white are part of the antioxidant 

system, preventing embryonic oxidative stress during 

development.  

The application of darkness has a positive effect on ML 

production (Lessons and Summers, 2005). A 4.5 h 

lighting after 10 h dark period, the serum ML level 

reached its highest level in chicks (Pablos et al., 1998). 

There was an 85% decrease in serum ML level of 

pigeons exposed to light for 80 minutes (Vakkuri et al., 

1985). 16 hours light: 8 hours dark or 20 hours light: 4 

hours dark; serum ML concentrations of egg hens 

varied between 40-100 pg / mL in the light and 150-390 

pg / mL in the dark (Liou et al., 1987). Abnormal serum 

levels of ML may be indicative of metabolic and other 

disorders (Lazar et al., 2015). It has been reported that 

pinealectomized chickens decreased production of ML 

(Wang et al., 1998). They applied pinealectomy at 2-d 

old. After 8 weeks, the amount of serum ML in the 

control group was 23.19 pg / mL, but in pinealectomy 

groups, the serum ML level decreased to 9.17 pg/mL. 

Pinealectomy caused 58% scoliosis in chickens (Turgut 

et al., 2003).  

In poultry, the synthesis of ML is controlled by genes 

that produce molecular oscillations under the influence 

of the negative feedback mechanism (Okano and 

Fukada 2003, Csernus et al., 2005; Turkowska et al., 

2014).  

ML has the ability to convert environmental 

information into appropriate endocrine signals. For 

this reason, ML allows the physiology, metabolism and 

behavior of animals to be synchronized with optimum 

environmental conditions. ML, synchronized with light 

changes, plays an essential role in the regulation of 

neuroendocrine processes (Lazar et al., 2015) and in 

the biology of all cells (Reiter and Robinson, 1995). ML 

affects growth and health status (Clark and Classen 

1995), the concentrations of other hormones in poultry 

(Zeman et al., 1993). ML and brain SR metabolism are 

interrelated. For this reason, some of the physiological 

effects generated by ML are mediated by the 

modulation of central serotoninergic transmission. ML 

causes an increase in the SR amount of chickens 

(Zeman et al., 1999).  

The central adrenergic pathway present in poultry is 

involved in the regulation of GH (Harvey et al., 1991) 

and is modulated by ML. In the regulation of growth, 

the role of ML emerges through interactions with other 

hormones. Progesterone administration reduced ML 

biosynthesis and release, but testosterone injection 

accelerated ML production (Vacas and Cardinali, 

1979). Progesterone production was stimulated by LH 

and markedly decreased by the effect of ML (Lewis et 

al, 2006). ML also reduced ovarian activity as it 

inhibited LH secretion (Rozenboim et al., 2002). ML 

treatment reduces plasma progesterone and estrogen 

levels, showing its effect on ovarian function (Guchhait 

and Haldar, 2000). Testosterone, estrogen and 

deoxycorticosterone stimulate ML synthesis, but 

progesterone and corticosterone inhibit ML synthesis 

(Mahata and Mahata, 1992). ML generally inhibits the 

production thyroid hormones (Lewinski, 2002, 

Mogulkoc and Baltaci, 2003). High doses of ML 

inhibited the response of the thyroid stimulating 

hormone (Wright et al., 1997). ML directly or indirectly 

increases the plasma concentration of leptin hormone 

(Mustonen et al. 2000), elevating serum thyroxine (T4) 

level (Legradi et al., 1997).  
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Dietary ML supplementation lowered plasma 

corticosterone concentrations in chickens 

(Hassanzadeh et al., 2016) while it has an inhibitory 

effect on the secretion of luteinizing hormone (LH), 

FSH, adreno corticotropic hormone (ACTH), prolactin 

and b-endorphin (Csernus and Mess, 2003). This was 

evidenced that ML treatment (5, 20 and 80 mg/kg) 

decreased LH secretion in the castrated leghorn 

roosters by drop reduction occurred in 10 minutes after 

ML injection (Rozenboim et al., 2002). 

ML regulates bone physiology (Witt-Enderby et al., 

2012). In addition, ML plays an important role in the 

formation of bone by osteoblasts by increasing type I 

collagen production and osteoblastic proliferation 

(Nakade et al., 1999). The addition of ML inhibits the 

natural destruction of the bone by causing an increase 

in mineral content. Femur and tibia bones have higher 

fracture strengths in chickens treated with ML. 

In birds, ML influences the absorption of calcium in the 

duodenum (Sjöblom et al., 2003). It has been reported 

that the lack of ML is partly responsible for 

malformations in the bones and the rate of bone 

disease is reduced by ML treatment (Machida et al., 

1995). The ML receptor in the eggshell gland (Natesan 

and Cassone, 2002; Sazanov et al., 2007) limits the 

storage of calcium in the egg shell and its transport 

into the shell gland epithelium. 
 

The effects of melatonin on performance and health 

ML improves feed utilization (Clark and Classen, 

1995) by stimulating growth hormone in poultry 

(Zeman et al., 1999), regulating thermoregulatory 

mechanisms (Rozenboim et al., 1998; Sahin et al., 

2004) and energy metabolism (Apeldoornet et al., 

1999). ML administration increased weight gain and 

energy retention by an average of 19% in male broiler 

chickens (Osei et al., 1989). 

ML improves performance in poultry by stimulating 

uptake of lipids, proteins and carbohydrates into 

tissues (Ahmed et al., 2006) and preventing heat stress 

and salmonella enteritidis infection in chickens 

(Hassanzadeh et al., 2016; Woodward et al., 2005; 

Nisbet et al., 2008). ML application compensated egg 

shell and skeletal defects in chickens (Taylor et al., 

2013; Machida et al., 1995).  

ML given with drinking water changed the behavior of 

quails and increased the amount of certain peripheral 

hormones, especially GH. The stimulation level of GH 

was 140% when ML was administered alone, whereas 

the level of GH stimulation was 285% when ML was 

administered with quipazinin (Zeman et al., 1999). The 

increased GH concentration by ML stimulation leads 

to a decrease in abdominal fat in quails (Zeman et al., 

1993). 

When ML suplementations were given at doses of 10 

mg, 20 mg and 30 mg per bird, the optimal ML dose on 

egg yield and quality was reported to be 10 mg. The use 

of ML at a dose of 30 mg per bird adversely affected egg 

yield and quality (Jia et al., 2016). 

Egg weights of chickens treated with ML were 

significantly higher than those without ML (Taylor et 

al., 2013). ML is required for early bone growth (Fagan 

et al., 2009). 

ML administration-controlled calcium distribution 

between the bone and egg shells in chickens by 

strengthening bone but weakening egg shell (Taylor et 

al., 2013). However, ML addition (2 mg / kg body 

weight) also increased egg weight and shell thickness 

(Archana, 2012). Song birds practiced in ML produced 

more eggs (Grieves et al., 2012). ML has increased the 

absorption of zinc (Mocchegiani et al., 1996; Fabris et 

al., 1997). ML administration is beneficial for bone 

strengthening in poultry but decreases egg shell 

strength. This should be taken into account when 

applying ML to laying poultry. 

Depending on intensive breeding conditions and heat 

stress, deteriorating of the feed efficiency, leg 

problems, ascites, sudden death syndrome and similar 

disadvantages occur (Hassanzadeh et al., 2016). 

Changes in plasma corticosterone levels are an 

important indicator of the exposure of the poultry to 

stress. High temperature increases plasma 

corticosterone levels in pigeons (Barriga et al., 2002). 

ML can be used in controlling temperature stress 

(Siegel, 1995) since epiphyseal gland and its 

metabolites play an important role in the circadian 

thermoregulation in many animal species (Reiter, 

1995. ML administration inhibits the production of 

ACTH in poultry by performing a hypothalamic-

pituitary adrenal axis inhibitory role, showing that ML 

is effective to control stress at both central and 

environmental levels (Rasmussen et al., 2003). 

ML application decreased feed intake and heat 

production due to decrease locomotor activity in broiler 

chickens (Zeman et al., 2001; Brennan et al., 2002), 

improving feed utilization (Clark and Classen, 1995; 

Apeldoorn et al., 1999). The fact that ML causes 

decrease in body basal heat is attributed to its 

hypothermic effect (George, 1999).  

Environmental changes affect the activities of the 

pineal gland in poultry (Sudhakumari and Haldar, 

2001). Quails exposed to cold produced the less amount 

of ML in epiphysis and retina (Lee et al., 1990). For 

this reason, poultry require ML supplementation when 

they are kept on outside. ML application reduced 

mortality in fast growing and acute heat stressed 

quails (Hassanzadeh et al., 2016) by restoring their 

mineral status such as N, Ca, P, Zn, Fe and Cr 

excretion, and, consequently, healing them against 

depression associated with heat stress (Sahin et al., 

2004). 
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Environmental rhythms, chemical, biological or 

behavioral functions that occur in the 24-hour cycle 

play an important role in the welfare of poultry. ML 

provides a significant contribution to the welfare of 

poultry by controlling biological rhythm. Sudden death 

syndrome, ascites and some skeletal imperfections 

occur due to daily rhythm impairment.  

In quail, ML given to drinking quail alters lipid and 

protein metabolism (Zeman et al., 1999). ML has 

significant role in reproductive function in many 

animal species by managing biological rhythms 

(Maestroni, 2001) but has little effect on the 

reproduction of poultry (Rozenboim et al., 2002). After 

incubation in poultry, light stimulation and ML are 

effective on the designed of reproduction. ML plays 

important roles in the photoperiod-related circadian 

rhythm, embriyonic growth and ovary development by 

altering the synthesis and secretion of follicle-

stimulating hormone (FSH) with LH (Chuffa et al., 

2011). 

ML helps the immune responses in poultry (Moore and 

Siopes, 2003) by increasing lymphocytes poliferation 

(Kliger et al., 2000) and antibody formation (Zheng et 

al., 2013). ML treatment increased the activity of B 

and T lymphocytes (Brennan et al., 2002) and total 

leukocyte count and lymphocyte percentage in poultry 

(Abozahra et al., 1998; Brennan et al., 2002; Hodallah 

et al., 2011). ML affects bone marrow (Taylor et al., 

2013), accelerates leukocyte production (Conti et al., 

1992) and protects bone marrow from free radical 

damage due to antioxidant effect (Ahmed et al., 2005). 

It also increases the number of leukocytes by 

decreasing the amount of corticosterone hormone 

(Anwar et al., 1998).  A 50 μg / ml melatonin in 

drinking water increased total white blood cells and 

percentages of lymphocytes and heterophiles but 

decreased the proportion of heterophiles / lymphocytes 

(H / L) in the quail (Moore and Siopes, 2000).  

ML application caused lymphoid hyperplasia in bursa 

fabricus, spleen and liver in broiler chickens. In 

poultry, ML receptors in the primer and the secondary 

lymphoid system were reported by Poon et al. (1994) 

and its binding sites of ML on thymus, spleen, bursa 

fabricus indicated that it has a physiological role in 

lymphocyte regulation (Yu et al., 1991). In chickens, 

the target organ of ML is bursa fabricus (Lee and Pang, 

1992) as evidenced that ML administration increased 

bursal weight, accelerating the development of 

humoral immune response and cell communication in 

the turkeys (Moore and Siopes, 2003). Thymus and 

bursa fabricus are very important in the development 

of immune system. For this reason, dark practice 

suggests that it may help chickens to be more resistant 

to diseases. Continuous light exposure negatively 

affects poultry welfare, as poultry causes significant 

decreases in serum ML levels (Zheng et al., 2013). 

As having high antioxidant potential, ML may be used 

to reduce the adverse effects of high temperature on 

quails (Sahin et al., 2004). ML repaired liver damage 

caused by heavy metals and prevented the 

accumulation of toxic materials (Ohta et al., 2000; Pal 

and Chatterjee, 2006). It has also been found that the 

antioxidant capacity of the liver is increased by dark 

application (Zheng et al., 2013). 

Intensive feeding and management systems in poultry 

production cause metabolic disorders such as ascites 

and sudden death syndrome in broiler chickens (Bottje 

and Wideman 1995). ML reduced ascites and sudden 

death syndrome by slowing down metabolic rate and 

oxygen consumption in poultry (Clark and Classen 

1995). On the other hand, a high intensity light 

application inhibited ML production (Mishra and 

Kumar, 2016), thus, causing an increase in the rate of 

sudden death syndrome (Clark and Classen 1995). 

Also, it was reported that dietary 10-40 mg ML/ kg 

greatly reduced hepatic vacuolar degeneration, 

necrosis and biliary hyperplasia, which were caused by 

aflatoxin in chicks (Özen et al., 2009). 
 

Candidate plants for natural feed additives 

Poultry feeds such as corn, wheat and barley usually 

contain low-level tryptophan (Takada and Otsuka, 

2007). Tryptophan is required for the synthesis of ML 

(N-acetyl 5-methoxytryptamine) (El-Slamoney et al., 

2010). ML is found in different parts of various plants 

(leaf, stem, root, flower, fruit, seed etc.). Festuca 

arundinacea is in the first order with 5288.1 pg / g, oat 

(Avena sativa) 1796.1 pg / g, and sweet maize (Zea 

mays saccharata Sturt.) with 1370 pg / g ML content 

(Hattori et al., 1995). In addition, walnuts, tomatoes, 

grapes, hazelnuts, strawberries, orange cherries, sour 

cherries such as cherries contain significant amounts 

of ML and serotonin (Paredes et al., 2009; Huang and 

Mazza, 2011). It is thought that the nutrient to be fed 

with ML-rich foods (Table 1) will positively affect the 

metabolic and physiological functions of poultry. These 

information encaouraged poutry scientist to 

compensated commercial birds’ poor welfare caused by 

intense and long-term lighting, by dietary addition of 

ML by using foods given in Table 1 without causing 

destruction of ML with food processing. 
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Table 1. Amounts of melatonin in plants 

Name MT Value or Range Reference 

Cereals and Legumes (raw)   

Corn (different varietes) 1.3-2034 ng/g DW Hattori et al., 1995; Badria, 2002; Wang et al., 2009; Tan et 

al., 2014 Wheat 124.7 ng/g FW Hernandez-Ruiz et al., 2005 

Barley 0.38- 82.3 ng/g FW 
 Badria, 2002, Hattori et al., 1995, Hernandez-Ruiz et al., 

2005 

Oats 1.80- 90.6 ng/g FW 
 Hattori et al., 1995; Hernandez-Ruiz et al., 2005; 

Hernandez-Ruiz and Arnao, 2008 

Rice 0-264 ng/g DW Wang et al., 2009 

Lentil 0.07- 0.5 ng/g DW Aguilera et al., 2015 

Kidney beans 1.0 ng/g DW Aguilera et al., 2015 

Soybean 0.45 ng/g DW Zielin et al., 2001 

Lupin (seed-coat) 37.50 ng/g FW Hernandez-Ruiz and Arnao, 2008 

Strawberry 5.5- 11.26 ng/g FW Sturtz et al., 2011 

Cherry 0.05-20  ng/g FW  Gonzalez-Gomez et al., 2009; Zhao et al., 2013 

Grape (skin) 8.9-158.9 ng/g DW Boccalandro et al.,2011 

Pistachio 226.9- 233.0 μg/g 

DW 
Oladi et al., 2014 

Onion 0.03- 0.30 ng/g FW  Badria, 2002; Hattori et al., 1995 

Garlic 0.59 ng/g FW Badria, 2002 

Carrot 0.06- 0.49 ng/g FW  Badria, 2002; Hattori et al., 1995 

Pepper 4.48 -11.9 ng/g FW Riga et al., 2014 

Tomato 
0.03 -23.87 ng/g 

FW 
Hattori et al., 1995; Sturtz et al., 2011; Wang et al., 2014 

Sunflower 29 ng/g DW Manchester et al., 2000; Reiter and Tan, 2002 

Refined linseed oil 0.29 ng/g Venegas et al., 2011 

Soybean oil 0.19 ng/g Venegas et al., 2011 

Refined olive oil 0.03-0.08 ng/mL De La Puerta et al., 2007; Venegas et al., 2011 

Refined sunflower oil 0.05 ng/mL De La Puerta et al., 2007 

DW: dry weight, FW: fresh weight, ng: nano gram 
 

CONCLUSION 

Poultry can sometimes be exposed to stress conditions 

at different stages of their life. Stress conditions cause 

some irregularities in the hormone and enzyme 

system. These irregularities lead to significant 

metabolic and physiological dysfunctions in poultry. 

The methods applied in the correction of metabolic and 

physiological dysfunctions can sometimes be very 

expensive and sometimes do not give the desired 

result. 

When medication is required in poultry animals and 

human health can be negatively affected. For this 

reason, it is very important to use non-side effects 

methods for eliminating possible metabolic and 

physiological disorders in poultry. Research has shown 

that ML, especially immunity, has positive effects on 

the health and overall performance of poultry. ML, 

used in combination with many viral infections, has 

increased the success rate of treatment. In the 21st 

century, where organic animal production and animal 

welfare are priorities, the use of drugs (antibiotics, etc.) 

is limited every day. It is thought to be beneficial and 

necessary to focus more on ML in compensating for 

economic losses from poultry-specific metabolic and 

physiological abnormalities. 

It is thought that there has been a need for more focus 

and new research on ML, which is very effective in 

preventing many metabolic-physiological disorders 

leading to significant economic losses in poultry 

industry and ensuring animal welfare. 
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