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Abstract

Objectives:The effects of dietary supplements, includingmagnesium sulfate (Mg), zinc

oxide (Zn) and vitamin B6 (Vit B6), on the performance of laying hens reared under

normal (NC) and heat-stress (HSC) conditions were investigated.

Material andMethods:A total of 28830-week-old Lohmann LSL-Lite laying henswere

randomly divided into 48 cages and assigned to receive one of the eight diets with six

replicates and six hens per replicate, based on a 2 × 2 × 2 factorial arrangement of

treatments. Dietary supplements, including two levels (0 & 600mg/kg) of Mg, two lev-

els (0&30mg/kg) ofZnand two levels (0&8mg/kg) ofVitB6, in normal andheat-stress

conditions, were tested at 30–40 and 41–45weeks of age, respectively.

Results: In the Vit B6 group, a decrease in feed intake (FI), egg production (EP), albu-

min, Zn, Fe and Mg, and an increase in triglyceride and insulin in HSC were observed,

in addition to a decrease in cholesterol and an increase in egg weight (EW) in NC. Sup-

plemental Mg decreased EP, blood triglycerides and copper in NC, and Zn, Fe and Mg

inHSC aswell. Feeding Zn, increased egg shape index, total protein and copper in addi-

tion to yolk index inNC and Fe inHSC. EWswere higher in hens supplementedwith Vit

B6+Mg in HSC. Increased insulin and decreased glutathione peroxidase activity were

detected with the Vit B6+Zn compared to feeding either Vit B6 or Zn in HSC.

Conclusions: The results indicated Vit B6 could improve EWs and suppress blood

cholesterol in NC. Zn improved the egg shape index in NC.
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1 INTRODUCTION

There are several environmental factors that affect layer chickens

in production, but the most debilitating is heat stress, which affects

production parameters, especially for birds that are sensitive to heat

waves because of their feather covering and lack of sweat glands,
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which makes heat dissipation difficult (Azzam et al., 2019; Estrada-

Pareja et al., 2007). Heat stress is a great concern in poultry indus-

try because high ambient temperatures cause laying hens to lose body

weight (Chand et al., 2016; Khan et al., 2014; Puthpongsiriporn et al.,

2001; Mashaly et al., 2004) and negatively affect nutrient utilization,

growth rate, EP and quality, feed efficiency and immunity; moreover,
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heat stress results in a higher incidence rate of oxidative stress in

birds (Azzam et al., 2019; Khan et al., 2014). Heat stress may also

increase mortality rate which leads to economic losses (Khan et al.,

2011). Heat stress also decreases serum concentrations of vitamins,

minerals and insulin and increases serum triglycerides, glucose, total

cholesterol and corticosterone concentrations in poultry, therefore,

heat stress may exacerbate a marginal vitamin and mineral deficiency

or lead to increased mineral and vitamin requirements (Azzam et al.,

2019; Khan et al., 2011). Various experiments have been conducted to

alleviate negative consequences of high environmental temperatures

(e.g., reducing dietary protein level, supplementing diet with miner-

als and vitamins) (Laudadio et al., 2012). Research on heat stress in

laying hens indicates a consistent decrease in EW and shell thickness

(Wolfenson et al., 2001). Synthesizing anti-oxidant enzymes, such as

superoxide dismutase (SOD) and glutathione peroxidase, is an impor-

tant regulation, in terms of bird response to stress conditions. How-

ever, this responsewill be effective only if co-factors, such as Se for glu-

tathioneperoxidase andCu,ZnandMn for SOD, are available (McDow-

ell, 1989). Anti-oxidant vitamins and minerals as a part of a nutritional

manipulation tool are commonly added to the diets of birds reared

under heat stress (Sahin & Kucuk, 2003a).

Zinc is used in poultry diets due to its anti-stress effects. Moreover,

its requirement increases and its retention decreases during stress

(Sahin & Kucuk, 2003b). Copper-zinc SOD (CuZnSOD) can catalyse

the disproportionation of O2− to H2O2 and oxygen. Zn is necessary

for the structure and function of CuZnSOD; in addition, Zn is a main

part of the alkaline phosphatase which plays an important role in cal-

cium storage in bone (Li et al., 2019). Magnesium (Mg) is involved in

many biochemical processes, including activation of phosphates and

participation in carbohydrate metabolism, and its function is closely

associated with calcium (Ca) and phosphorus (McDonald et al., 1971).

Karami et al. (2018) stated that addition of single or combination of

Cr, Zn and VitC improved at least some production performance and

egg quality parameters in laying hens during heat-stress condition; in

addition, they detected an interaction effects of Cr, Zn and VitC on

enzyme activity (glutathione peroxidase). Themagnesium requirement

of poultry has rarely been studied and most studies conducted are

more than 35 years old (Shastak & Rodehutscord, 2015). Magnesium

supplementation at high levels has been shown to improve EW (Atteh

& Leeson, 1982); furthermore, high dietaryMgmay influence Ca and P

availability andmetabolism (Shastak&Rodehutscord, 2015). Attehand

Leeson (1982) reported that Mg supplementation improves egg shell

strength when Ca level is sufficient. Vit B6 is widely distributed in low

concentrations in all animal and plant tissues (Atteh & Leeson, 1982).

Pyridoxine (Vit B6) is an essential element for energy production, fat

metabolism, central nervous system activity and haemoglobin produc-

tion. In case of Vit B6 deficiency, slow growth and poor feed utilization

in poultry has been observed. Stress increases Vit B6 requirement, so

thepractical recommendation is higher than theminimumrequirement

(Weber, 2009). On this basis, we hypothesized that inclusion of Vit B6,

Mg and/or Zn into laying hens’ diets would be helpful to enhance pro-

duction performance and have antioxidant benefits in heat-stress con-

dition. The aim of the present study was to investigate this hypothesis

TABLE 1 Ingredients and nutrient composition of the basal diet
(%, unless stated otherwise)

Ingredients

Corn 65.12

Soybeanmeal 22.99

Soybean oil 0.69

Oyster shell 8.78

Dicalcium phosphate 1.39

Common salt 0.34

Vitamin premixa 0.25

Mineral premixb 0.25

DL-methionine 0.21

Nutrient composition

Metabolisable energy (kcal/kg) 2720

Crude protein (%) 16.82

Lysine (%) 0.59

Methionine+Cysteine (%) 0.46

Calcium (%) 3.73

Non-phytate phosphorus (%) 0.38

Chromium (mg/kg) 5.43

Zinc (mg/kg) 84.00

aVitamin mixture per 2. 5 kg of diet provides the following: vitamin A,

7,700,000 IU; vitaminD3, 3,300,000 IU; vitaminE, 6600mg; vitaminK3, 550

mg; thiamine, 2200 mg; riboflavin, 4400 mg; vitamin B6, 4400 mg; capan-

tothenate, 550 mg; nicotinic acid, 200 mg; folic acid, 110 mg; choline chlo-

ride, 275,000mg; biotin, 55mg; vitamin B12, 8. 8 mg
bMineral mixture per 2.5 kg of diet provides the following: Mn, 66,000 mg;

Zn, 66,000mg; Fe, 33,000mg; Cu, 8800mg; Se, 300mg; I, 900mg

in heat-stressed laying hens (30–40 and 41–45 weeks of age) whose

diets have been supplemented with Vit B6,Mg and/or Zn.

2 MATERIALS AND METHODS

2.1 Animals, treatments, and management

A total number of 28830-week-old LohmannLSL-Lite laying henswere

randomly divided into 48 cages and assigned to receive one of the eight

experimental diets of six replicates and six hens per replicate. Based

on a 2 × 2 × 2 factorial arrangement of treatments, eight diets con-

sisted of two levels (0 and 600 mg/kg) of Mg sulfate, two levels (0 and

30 mg/kg) of zinc oxide, and two levels (0 and 8 mg/kg) of Vit B6 were

formulated. The selected dietary supplemental pyridoxine levels were

based on Karami et al. (2018), Sahin et al. (2002), Sedgh-Gooya and

Torki (2018) andKucuket al. (2008). The ingredients andchemical com-

position of the basal diet (control) (NRC, 1994) is shown in Table 1. All

hens were supplied with feed and water ad libitum in the experimen-

tal period. The ambient temperature of the hens was kept from 18 to

20◦C during the first 10-week (30 to 40 weeks of age) and then (41

to 45 weeks of age) was gradually increased to 30 ± 1◦C to simulate



GHOLIZADEH ET AL. 683

thermal heating on a hot day (Azzam et al., 2019; Xing et al., 2019).

The relative humidity was kept as close as possible to a constant 40

to 60%, and hen house was lit for 16 h/day during the experimental

period.

2.2 Production performance

Production performance of the laying hens was measured from 30 to

45 weeks of age. Daily EP per replicate was recorded, and the total

number of eggs laid per birdwas calculated before and after heat treat-

ment. Similarly, the eggs laid per replicate were weighed daily, and

the average egg mass per bird was calculated before and after heat

treatment. FI values were measured on a weekly basis. Egg mass (g

egg/hen/day) and feed conversion ratio (FCR) (g feed/g egg) were cal-

culated from EP, eggmass and FI.

2.3 Egg quality

Random samples of 12 eggs from each treatment (3 eggs per replicate)

were collected at 36 and 44weeks of age tomeasure egg quality traits.

The eggs were broken on a glass plate to measure the albumen height

using amicrometre, andHaugh unitswere calculated using the formula

described by Eisen et al. (1962). The egg-specific gravity was deter-

minedusing11gradient saline solutions varying in specific gravity from

1.060 to 1.100 at 0.005-unit increments (Holder & Bradford, 1979).

The eggshell thickness were determined by taking the mean value of

the thickness measured at three locations on the egg (air cell, equator

and sharp end) using an FHKdevice (Fujihira Industry Co. Ltd., Saitama,

Japan). Theyolk indexwasdeterminedas the ratio of yolkheight to yolk

width and yolk colourwas compared to the Roche yolk color fan, which

ranges from pale yellow at score 1 to dark orange at score 15 (Vuilleu-

mier, 1969).

2.4 Blood parameters

Blood samples were obtained from the wing vein of four randomly

selected birds per treatment (one hen per replicate) at 40 and 45

weeks of age. Blood samples were collected in heparinised and non-

heparinised vacutainer tubes. The collected blood samples were cen-

trifuged at 3000 rpms for 10 min to collect plasma and serum and

were then frozen at 20◦C until the analysis. The serum concentra-

tions of total protein, albumin, glucose, TG, total cholesterol and

insulin were measured using commercially available kits (the cat-

alogue numbers and company names are: 128500 [Pars Azmoon,

Tehran, Iran], 101500 [Pars Azmoon], 117500 [Pars Azmoon], 132500

[Pars Azmoon], 110500 [Pars Azmoon] and 8K41-25-16221LP49

[Abbott Diagnostics], respectively), according to colorimetric enzy-

maticmethod, and the serum glutathione peroxidase activity wasmea-

sured according to Paglia and Valentine (1967). The serum concen-

trations of Mg, Zn, Fe and Cu were determined using commercially

available kits (the catalogue numbers and company names are: 126500

[Pars Azmoon], L279/12 [Ziest Chemie Co., Iran] and 121400 [Pars

Azmoon] respectively), via an atomic absorption spectrophotometer

(Perkin ElmerHGA500)with a graphite furnace atomizer in deuterium

background correctionmethod.

2.5 Statistical analysis

The datawere subjected toANOVA in a completely randomized design

with a 2 × 2 × 2 factorial arrangement of treatments using GLM pro-

cedure of SAS software (SAS 2003). All statements of significance

are based on p < 0.05. The mean values were compared by Duncan’s

multiple-range tests. The following model was considered for analysis:

Yijkl = μ + (Ai) + (Bj) + (Ck) + (ABij) + (ACik) + (BCjk) + (ABCijk) + (eijkl),

where Yijkl is the measured characteristic, μ is the overall mean, (Ai) is

the main effect of Vit B6, (Bj) is the main effect of Mg, Ck is the main

effect ofZn,ABij is interactionbetween theVitB6andMg,ACik is inter-

action between the Vit B6 and Zn, BCjk is interaction between the Mg

and Zn, ABCijk is interaction between the Vit B6, Mg and Zn, and eijkl is

the residual error. The effects of the main factors were not considered

whenever the interaction was significant.

3 RESULTS AND DISCUSSION

3.1 Production performance

The effects of dietary supplemental Zn, Mg and Vit B6 on the per-

formance of laying hens are shown in Table 2. High ambient temper-

ature is considered to influence the production performance in poul-

try adversely. Some studies showed that heat stress reduces FI, EP, EW

and increases FCR (Mashaly et al., 2004; Puthpongsiriporn et al., 2001).

Corticosterone and catecholamine production and cell membrane lipid

peroxidationmay be increased in heat-stress conditions (Puthpongsiri-

porn et al., 2001). It is believed that for every 10◦C increase in ambi-

ent temperature above 20◦C, there is a 17% reduction in FI, suggesting

that reduction in efficiency could be due to changes in metabolic uti-

lization of nutrients (Geraert et al., 1996). In this study, the oral admin-

istration of Zn, Mg and Vit B6 in the diet did not influence FI preceding

heat-stress exposure. However, under heat stress, Vit B6 reduced FI,

but the other supplements did not have any effects. Pyridoxine influ-

ences the control of food intake through their roles in neurotransmit-

ter synthesis and regulation in the central nervous system, since it is

involved in the hydroxylation and decarboxylation of tryptophan for

the synthesis of serotonin (Groff & Gropper, 2000), which is known to

control food intake through the melanocortin pathways and helps to

control appetite and ward off eating (Heisler et al., 2003). Karami et al.

(2018) stated that addition of single or combination of Cr (400 μg/kg
diet), Zn (30 mg/kg diet) and VitC (250 mg/kg diet) improved at least

some production performance parameters in laying hens during heat-

stress condition. Low Vit B6 status and its resulting decrease in brain

serotonin synthesis (Anderson & Johnston, 1983) may result in an
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increased appetite and presumably food intake and favour a positive

energy imbalance in individuals.

The reduction in FI in this study could be related to heat stress and

feeding excess Vit B6 (Nachtigal et al., 2005). In agreement with this

study, previous researchers reported that the level of Zn in the diet

did not significantly influence broiler performance, FI and FCR (Hamidi

et al., 2010). In this research, the combination of Vit B6 and Zn did not

influenceFI andFCR. In contrast, in amore comprehensive experiment,

Kucuk et al. (2008) reported that FCR, EP, eggshell weights and Haugh

units were improved when both Zn and Vit B6 were supplemented to

laying hens.

In the present study, no effects of dietary Vit B6 were found on EP

beforeheat-stress exposure (30 to35, and35 to40weeksof age),while

under heat stress (40 to 45 weeks of age), there was a decrease in EP

in receiving Vit B6 group. The decrease in EP could be related to the

numerical decrease in FI in receiving Vit B6 group under heat stress. In

this experiment, feedingZndidnot have anyeffects onEPeither before

or during heat-stress exposure. In contrast, Sahin & Kucuk (2003)

reported linear increases in FI, EP, egg quality and improved feed effi-

ciency upon ZnSO4 supplementation (30 and 60mg/kg of diet) to quail

reared under heat- stress conditions. In a study, ileal villus height was

increased (p < 0.05) with supplementation of 60 mg/kg Zn compared

with control group (Shah, et al., 2018).

FeedingMgcausedadecrease inEPbeforeheat-stress exposure (30

to 35, and 35 to 40 weeks of age), but did not cause any effect during

heat-stress exposure. Stafford and Edwards (1973) suggested that as

long as the level of Mg content has reached the minimal requirement,

an excessive supplementation of Mg in the diets would result in nei-

ther positive nor negative effects to EP of laying hens. In this research,

increasing dietary Mg did not influence FI. Liu et al. (2007) reported

that increasingMg linearly reducedFI. In this experiment, the hens that

were fed excess Mg before heat-stress exposure, ate less compared to

those who were under heat stress. The differences in feed consump-

tion were non-significant, but the numerical values were lower for the

hens before heat- stress exposure. Therefore, the reduction in feed

consumption causedbyexcessMgmight affect EP, and thedecline inEP

couldhavebeen related todecreased feed consumption. It also appears

that the hens were fed high Mg-adjusted feed consumption to allow

intake to be near normal.

The increased levels of Mg in the blood and bones of the hens fed

excessMg suggest a possiblemechanism for the action of theMg. It has

been shown that blood Mg level plays an important role in the control

of parathyroid hormone release and that Mg may be as effective as Ca

on a molar basis in parathyroid gland function (Sherwood et al., 1970).

Parathyroid hormone release is reduced by both high and low levels of

dietaryMg (MacManus et al., 1971).Mg excess has been shown to sup-

press parathyroid activity in dogs (Massry et al., 1970) and rats (Clark,

1969). In broilers, excessMg altered the histological appearance of the

parathyroid gland (Lee & Britton, 1980). It is suggested that the mech-

anism by which excess Mg has its effect in layers is to reduce parathy-

roid hormone activity, which reduces blood Ca, and thus, shell quality

and EP are affected. In this experiment, there was no effect of feed-

ing Zn on EP. Several studies also reported no effect of Zn addition

on EP (Kidd et al., 1992). However, Paulicks and Kirchgessner (1994)

found a positive effect of Zn supplementation on EP in lying hens; how-

ever, this result could be due to the concentration of Zn in the diet,

20 mg/kg, which was quite lower than the recommended concentra-

tion (50 mg/kg) (Underwood & Suttle, 1999). Since a wide variety of

variables, such as supplementationmethods (in diet or drinkingwater),

the supplemental level, its level in the basal diet, bioavailability, stress

condition, degree of stress, as well as duration of usage may influence

the results, they could be, at least in part, probable reasons for various

results in miscellaneous experiments.

3.2 Egg quality

Interaction effects between the Vit B6 (a), Mg (b) and Zinc (c) on egg

weight, shell weight, shell thickness values and insulin, Zn and Mg lev-

els (Table 4) were significantly different in heat-stress (weeks 41 to

45 of age) condition (Table 5); besides, in normal condition (weeks 30

to 40 of age), interaction effects between the supplements on Haugh

unit values were significant (Table 5). In this research, Zn supplemen-

tation did not affect the EW of the birds consuming Zn compared to

the others (Table 3). In agreement, in a study by Kidd et al. (1992) with

broiler breeders, no effect of increasing Zn concentration on EW was

found. They reported that eggshell weights and Haugh units were also

increased when both Vit B6 and Zn were supplemented, but in our

study, feeding both Vit B6 and Zn had no influence on Haugh unit and

eggshell weights. Karami et al. (2018) stated that the addition of a sin-

gle or combination of Cr, Zn and VitC (400 μg/kg diet, 30 mg/kg diet

and 250 mg/kg diet, respectively) improved some egg quality parame-

ters in laying hens during heat-stress conditions. Dietary supplementa-

tion of 80 (Moreng et al., 1992) or 100 mg/kg of Zn (Balnave & Zhang,

1993) as Zn-methionine was shown to improve eggshell weight and

reduce shell defects in hens exposed to high temperatures. SinceZn is a

constituent of carbonic anhydrase enzyme, it may affect eggshell prop-

erties (Nys et al., 2001).

The egg shape index was increased by Zn as a single supplement

before heat-stress exposure (p<0.05), and tended to be increased dur-

ing heat-stress exposure (p= 0.06) but there were no effects for other

treatments. Salim et al. (2012b) showed that diet supplementation

with organic Zn increased the plasma concentration of Ca in broiler

chickens. In addition, before heat-stress exposure, it was demon-

strated that yolk index was decreased by single supplementation of

Zn. Interaction effects between the Vit B6 (a), Mg (b) and Zinc (c) on

yolk index values were significant in normal (weeks 30 to 40 of age)

and heat-stress (weeks 41 to 45 of age) conditions (Table 6). Carbonic

anhydrase enzyme supplies the carbonate ions during eggshell forma-

tion (Nys et al., 2001); the definite role of Zn in this enzymemay be the

reason for egg shape index improvement in Zn-supplemented laying

hens before heat stress. This research indicated that the yolk colorwas

decreased through feeding Mg before heat-stress exposure. In several

countries, egg yolk color is an important factor for egg marketing

because many consumers prefer a golden yellow to pale yellow color.

Egg yolk pigmentation is a practical subject for the egg production
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TABLE 5 Interaction between Vit B6 (a), Mg (b) and Zinc (c) on egg weight, Haugh unit, shell weight, shell thickness, and blood concentrations
of insulin, Zn andMg of laying hens reared under normal (weeks 30 to 40 of age) and heat-stress (weeks 41 to 45 of age) conditions

Eggweight (g) Haugh unit

Shell

weight (g)

Shell

thickness

(mm2−
× 10) Insulin (µIU/mL) Zn (µg/mL) Mg (µg/mL)

Age (week) 45-40 30-40 45-40 45-40 45-40 45-40 45-40

Condition HSCa NCb HSC HSC HSC HSC HSC

a0b0c0 58.73 ± 1.63ab 67.05 ± 2.28a-c 5.46 ± 0.28ab 0.33 ± 0.22ab 9.26 ± 2.03d 13.32 ± 0.94ab 1.72 ± 0.02a

a0b0c1 58.48 ± 0.90b 69.25 ± 2.96ba-c 5.55 ± 0.17a 0.34 ± 0.008a 20.75 ± 3.25da-c 15.96 ± 2.25a 1.72 ± 0.11a

a0b1c0 57.77 ± 1.40b 71.38 ± 1.64ab 5.54 ± 0.25a 0.35 ± 0.16a 39.96 ± 25.11ba-cd 15.92 ± 2.33a 1.65 ± 0.12a

a0b1c1 58.93 ± 1.36ab 70.63 ± 4.02ab 5.41 ± 0.34ab 0.33 ± 0.010ab 34.95 ± 17.31ba-cd 9.50 ± 3.44a-c 1.45 ± 0.26ba-c

a1b0c0 58.17 ± 1.90b 72.68 ± 3.62a 5.58 ± 0.31a 0.35 ± 0.008a 55.24 ± 11.10b 15.20 ± 1.37a 1.48 ± 0.24aba-c

a1b0c1 58.91 ± 0.65ab 70.94 ± 2.98ab 5.13 ± 0.37b 0.32 ± 0.024ab 112.08 ± 4.36a 11.17 ± 1.96ba-c 1.48 ± 0.15aba-c

a1b1c0 60.03 ± 1.21a 68.89 ± 1.66ba-c 5.41 ± 0.19ab 0.33 ± 0.008b 46.02 ± 34.78ba-c 8.50 ± 0.68a-c 1.26 ± 0.28a-c

a1b1c1 58.53 ± 1.60ab 70.98 ± 3.08ab 5.49 ± 0.34a 0.34 ± 0.013a 20.91 ± 4.18a-cd 10.86 ± 3.52a-c 1.60 ± 0.08ab

a-cMean values in the same column having different superscripts are significantly different (p< 0.05).
aHeat-stress condition.
bNormal condition.

industry, which requires the production of eggs with an appropriate

pigmentation level and homogeneous distribution of color to satisfy

food industry demands (Sachchidananda et al., 2008). Because laying

hens cannot synthesize egg yolk pigments, egg yolk color closely

depends on the fat-soluble pigments in the diets fed (Rose, 2005).

In addition, β-carotene in poultry is almost completely converted to

vitamin A or is otherwise metabolized, oxycarotenoids (xanthophylls)

in feed ingredients play amajor role in egg yolk pigmentation (Nui et al.,

2008). The primary sources of xanthophylls are corn, corn gluten meal

and dehydrated alfalfa meal (Bailey & Chen, 1989). In this experiment,

it can be assumed that reduced FI (even numerically), which causes

reduced pigment intake by the birds, leads to significant reduction

in yolk color. Definitely, several variables, such as supplementation

methods (in diet or drinking water), the supplemental level, its level

in the basal diet, bioavailability, stress condition, degree of stress, as

well as duration of usage could be, at least in part, probable reasons for

various results in miscellaneous experiments.

3.3 Blood parameters

The effects of the supplements on TG, cholesterol and total protein

concentrations in serum of the laying hens are presented in Table 7.

The serum TG concentration was decreased when Mg was used as a

single supplement after heat-stress exposure. In this study, feeding Zn

did not influence serum TG concentration either before or after heat-

stress exposure. Interaction effects betweenVit B6 (a),Mg (b) and Zinc

(c) on triglycerides levels were significant in normal (weeks 30 to 40 of

age) and heat-stress (weeks 41 to 45 of age) conditions (Table 6). Inter-

action effects between the Vit B6 (a), Mg (b) and Zinc (c) on Fe and Cu

levels were significant in heat-stress (weeks 41 to 45 of age) conditions

(Table 8). Interaction effects between Vit B6 (a), Mg (b) and Zinc (c) on

Fe and Cu levels were significant in heat-stress (weeks 41 to 45 of age)

condition (Table 8). Kucuk (2008) showed that the addition of 30mg/kg

Zn (as zinc acetate) lowered serum TG concentration in heat-stressed

broiler chickens, which is in contrast with our research. The Zn sup-

plement in our study was zinc oxide, but in Kucuk’s study, it was zinc

acetate.We can assume that various forms of supplements are, at least

in part, probable reasons for different results in different experiments.

In this experiment, feeding Vit B6 decreased cholesterol level before

heat stress, but increased TG level after heat stress. In agreement, in a

study, feeding Vit B6 (16 ppm)with corn oil (3%) decreased cholesterol

level and increased TG (Kucuk, 2012). In contrast, found that the levels

of free and total plasma cholesterol increased with the daily intake of

Vit B6 (0.05, 0.10, 0.50, 1 and 2 mg) for 2 months in rhesus monkeys.

Moreover, Adekunle & Adedeji (2011) showed that there was a signifi-

cant decrease in the level of cholesterol in rats that were administered

with Vit B6 as compared to the control animals. Vitamin B6 is involved

in lipid metabolism (Kucuk, 2012). It is shown that deficiency of Vit B6

may impair the metabolism of (n-3) PUFA from alpha linolenic acid to

eicosapentaenoic acid and docosahexaenoic acid (DHA), with themost

pronounced reduction in the production of DHA (Tsuge et al., 2000).

Trace elements are important for the proper functioning of a num-

ber of enzymes and proteins that are involved in many physiological,

biochemical and metabolic processes that contribute to the growth

and production. Overall, trace elements improve immune competence

and productivity (Yatoo et al., 2013). Zinc is an essential trace element

that plays an important role in the regulation of protein and nitrogen

metabolism as well as in anti-oxidant defense. The primary roles of

Zn are cell replication and amino acid metabolism (Szabo et al., 1999).

While administration of zinc oxide with Vit B6 leads to a significant

increase in total protein and albumin which could be attributed to the

anti-radicals, anti-oxidant and metal-chelating efficacy of this element

(Derouiche & Kechrid, 2013). In addition, these findings agreed with
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those obtained by other studies that postulated the beneficial roles of

Zn on histological and enzymatic changes in rats (Djemli et al., 2012).

These reports emphasized the hepato-protective efficacy of Zn, as Zn

treatment helps in themaintaining the homeostasis through regulation

of protein synthesis.

The serum total protein concentration was increased when Zn was

used as single dietary supplement before heat-stress exposure (p <

0.05), but it tended to decrease during heat-stress exposure (p= 0.07).

In addition, no significant effect of dietary Vit B6 and Mg alone was

detected on serum total protein concentration either before or dur-

ing heat-stress exposure. In other studies, Salim et al. (2012a) reported

that the serum total protein concentrationwas not affected by the sup-

plementation of 25 mg/kg Zn from an organic source, whereas Feng

et al. (2010) showed that serum total protein concentration of broil-

ers was increased by dietary addition of 30 mg/kg Zn either from

zinc-glycine or zinc-sulfate. Also, Kucuk et al. (2003) reported that

serum total protein concentration of heat-stressed broiler chickens

was increased by supplementation of 30 mg/kg Zn (as zinc sulfate) to

diet. Similarly, Sahin et al. (2002) showed that serum total protein con-

centration of laying hens reared at a low ambient temperature was

increasedbyZn supplementation.Under heat stress, the concentration

of serum total protein and albumin can be increased due to dehydra-

tion because of increased breathing rate (Erickson et al., 2001). In this

research, the level of serum albumin was not affected by the supple-

ments before heat-stress exposure. In agreement, Salim et al. (2012a)

reported that the serum albumin concentration of broiler chickenswas

not affected by the addition of 25 mg/kg Zn to the diet. However, the

serumalbumin concentrationwas increasedwhenZnwasused as a sin-

gle supplement during heat-stress exposure, but this effectwas not sig-

nificant. Under heat- stress exposure, when Vit B6 and Mg used sepa-

rately as a single supplement, there was no significant increase in EW,

however, using the combination of Vit B6 andMg there was significant

increase in EW. In a study by M. Skrivan et al. (2016), they found that

increasing the level of dietary Mg (1.52 to 4.0 g/kg diet) increased EW

significantly which is not consistent with our results. The source (MgO)

and the amount of Mg should be taken into account that may be the

reason for this discrepancy.

In this research, the concentration of insulin in heat-stressed laying

hens was increased by supplemental Vit B6 and Zn (p < 0.05). Accord-

ing to Takatori et al. (2004), pyridoxamine improves insulin secretion,

glycemic control and beta-cell regeneration in diabetic animals. In an

experimental model of diabetes, hamsters treated with pyridoxamine

for 4 weeks had fasting blood sugar and glucose tolerance test results

similar to those of control animals without diabetes. Even more amaz-

ingly, insulin secretion improvedandbeta cells began to regenerate and

grow inpyridoxamine-treateddiabetic animals (Takatori et al., 2004). In

this study, supplemental Vit B6, Mg Zn reduced plasma glucose during

heat stress. However, before heat-stress exposure, only the treatment

of Mg supplementation could reduce blood glucose. In a research, Vit

B6 alone at 8 ppm, and low level of corn oil with low level of Vit B6

tended to decrease plasma glucose concentrations (Kelso et al., 2011).

Kucuk et al. (2003) reported that the supplementation of 30 mg/kg Zn
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decreased serum glucose concentration of heat-stressed broiler chick-

ens.

Several mechanisms have been suggested to explain the association

between Zn and insulin resistance. Zinc is known to play a major role

in the stabilization of insulin hexamers and in the pancreatic storage

of insulin because it can enhance insulin binding to hepatocyte mem-

branes (Wijesekara et al., 2009). In fact, reduced hepatic insulin bind-

ing to hepatocyte membranes during Zn deficiency may be associated

with the contribution of Zn during insulin receptor synthesis (Faure et

al., 1992). Furthermore, Zn is an efficient anti-oxidant, and oxidative

stress is considered to be a primary contributor to the initiation and

progression of insulin resistance and diabetes (Wiernsperger, 2003). In

addition, Zn influences the ability of beta cells to produce and secrete

insulin by playing a crucial role in synthesis, storage and secretion of

insulin, as well as conformational integrity of insulin in the hexameric

form (Salgueiro et al., 2001). Zn deficiency has been reported to result

in an impairment of glucose tolerance in rats because of the known role

of Zn associated with stored insulin (Linder, 1991).

In this experiment, Mg decreased glucose concentration. The

decrease in plasma glucose could, therefore, be attributed to the direct

effect of Mg on glucose disposal, since Mg is important for the action

of the rate limiting enzymes of glycolysis (Altura, 1982). In a study,

plasma insulin concentration was decreased following Mg administra-

tion to diabetic and non-diabetic subjects. The results showed a sig-

nificant increase in insulin sensitivity, even though to a lesser extent

in diabetics. Interestingly, beta cells response was decreased in non-

diabetics, whereas it was not affected in diabetic subjects. The over-

all effect of Mg administration on plasma glucose and insulin is, there-

fore, the increase in glucose disposal as a result of an increase in insulin

activity (Paolisso et al., 1992). In fact, hypermagnesemia inhibits insulin

secretion (Zofkova et al., 1988), while it enhances insulin sensitivity

through an increase in the binding affinity of insulin to its receptors

(Paolisso et al., 1992).

The results of the present study showed that single supplemen-

tation of Vit B6 and Zn did not increase plasma glutathione perox-

idase activity significantly. However, the serum glutathione peroxi-

dase activity was decreased in hens when the combination of Vit B6

and Zn was given; besides interaction effects between the Vit B6 (a),

Mg (b) and Zinc (c) on glutathione peroxidase activity were signifi-

cant in heat-stress (weeks 41 to 45 of age) condition (Table 8). Zago

and Oteiza (2001) defined Zn as an important component of an anti-

oxidant network that prevents membrane damage from oxidation and

also reported that both Zn and vitamin E partially inhibited malon-

dialdehyde formation, but the simultaneous presence of both anti-

oxidants had a higher protective action. Zn is a co-factor of the main

anti-oxidative enzyme Cu/Zn-superoxide dismutase. Znmay play a key

role in the suppression of free radicals and in the inhibition of NADPH-

dependent lipid peroxidation (Prasad, 1997), as well as in the preven-

tion of lipid peroxidation via inhibiting glutathione depletion (Gibbs

et al., 1985). Regeneration of vitamin E from α-chromanoxyl radical

appears to be mediated by glutathione and vitamin C (Kagan et al.,

1992).
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TABLE 8 Interaction between Vit B6 (a), Mg (b) and Zinc (c) on plasma glutathione peroxidase activity, and Fe and Cu of laying hens reared
under heat-stress (weeks 41 to 45 of age) condition

Glutathione

peroxidase

activity Fe (µg/mL) Cu (µg/mL) Fe (µg/mL) Cu (µg/mL) Cu (µg/mL)

Age (week) 40–45 40–45 40–45 40–45 40–45 40–45

Condition HSCa HSC HSC HSC HSC HSC

a0c0 609.51 ± 302.71a a0b0 409.80 ± 118.69a 0.90 ± 0.41a-c a0c0 361.35 ± 141.32a 0.77 ± 0.19a-c b0c0 1.10 ± 0.76a-c

a1c0 692.58 ± 162.98a a1b0 151.87 ± 136.48a-c 1.66 ± 0.98a a1c0 170.40 ± 176.71a-c 1.80 ± 0.91a b1c0 0.99 ± 0.38a-c

a0c1 784.71 ± 322.16a a0b1 69.60 ± 54.13a-c 1.23 ± 0.74a-c a0c1 53.82 ± 25.24a-c 1.20 ± 0.71a-c b0c1 0.87 ± 0.21a-c

a1c1 409.07 ± 106.30b a1b1 57.20 ± 81.18a-c 1.29 ± 0.67aa-c a1c1 68.28 ± 40.46a-c 1.35 ± 0.68a-c b1c1 2.29 ± 0.60a

a-cMean values in the same column having different superscripts are significantly different (p< 0.05).
aHeat-stress condition.

The plasma concentration of Fe was decreased by supplemental

Vit B6, Mg and Zn, and the effect of each supplement was similar

to the combination of them. However, the plasma concentration of

copper was increased by the addition of single and combination of

the aforementioned supplements to the diets, except the combina-

tion of Mg and Zn which decreased plasma concentration of copper.

In addition, the plasma concentration of Mg was decreased by adding

the combination of Vit B6 and Mg, as well as the combination of Mg

and Zn to the diet. In a study, adding Zn as organic source signifi-

cantly increased plasma Zn, it may be due to the increased availabil-

ity of zinc methionine compared to zinc sulphate. While there were

no significant differences in plasma Fe due to addition of different

Zn sources.

4 CONCLUSIONS

From the above results, it is possible to conclude that dietary supple-

mentation of pyridoxine, Mg and Zn did not improve production per-

formance of laying hens either in NC or HSC. Vit B6 could improve egg

weights and suppress blood cholesterol in NC; besides. Zn improved

egg shape index in NC.
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