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Abstract

The aim of the study was to determine the effect of dietary antioxidant supplementation to ducks kept under
constant high environmental temperature (30 + 1°C for 24 h per day during days 14 to 42 d) on their antioxidant
status, rectal temperature, production parameters, nutrient digestibility and the chemical composition of their meat.
Fourteen days old mixed-sex Cherry Valley type hybrid ducks were randomly placed into three experimental groups,
each containing 20 birds in 5 replicates. This was repeated two times and in total 900 ducks was used. Ducks were
housed in a high environmental temperature room (HT: constant 30 + 1°C for 24 h, relative humidity 62 + 5%)
during 28 days. The three experimental diets (T1, T2, T3) were maize-soybean meal based. T1 was a control diet only
with premix. T2 and T3 had differently increased concentration of Vitamin E, C, selenium and zinc (T2: 540 mg/kg,
998 mg/kg, 0.60 mg/kg, 97 mg/kg and T3: 1540 mg/kg, 1996 mg/kg, 0.90 mg/kg, 148 mg/kg) respectively. It was
concluded that the digestibility of crude protein and dry matter, the rectal temperature and the chemical
composition of duck breast and leg meat were not affected (P> 0.05) by dietary treatments under heat stress.
However, several production parameters (feed intake, live weight at 14 d and 42 d, daily weight gain; feed
conversion ratio) and serum antioxidant capacity (malondialdehyde, superoxide-dismutase, antioxidant capacity of
water- and lipid-soluble compounds, glutathione-peroxidase) of 14-42 day old ducks were significantly improved
(P < 0.05) with antioxidant supplementations (T2, T3). The improved antioxidant capacity of the serum in the T2 and
T3 groups thus led to an increase in duck performance under heat stress. Based on the present results, at high
environmental temperature in the summer we recommend using T2 (Vitamin E: 540 mg/kg diet, Vitamin C:
998 mg/kg diet, Se: 0.60 mg/kg diet and Zn: 97 mg/kg diet) supplementation in practical duck nutrition.
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Zusammenfassung

Ziel der Studie war es, die Wirkung von antioxidativen Nahrungserginzungen bei konstant hoher
Umgebungstemperatur (30 + 1°C fiir 24 h {iber 28 Tage) auf den antioxidativen Status der Enten sowie auf
Rektaltemperatur, Produktionsparameter, Nahrstoffverdaulichkeit und chemische Zusammensetzung des
Entenfleisches wahrend der Wachstumsperiode (Tag 14 - 42) zu bestimmen. Die Untersuchungen wurden an
insgesamt 900 Hybridenten vom Typ Cherry Valley im Alter von 14 Tagen und beiderlei Geschlechts durchgefiihrt.
Zundchst wurden die Enten nach dem Zufallsprinzip auf drei Versuchsgruppen mit jeweils fiinf Wiederholungen zu
je 20 Tieren verteilt. Diese Versuchsanordnung wurde dann noch zweimal wiederholt. Die Enten wurden 28 Tage in
einem Raum mit hoher Umgebungstemperatur (HT: konstant 30 + 1°C fiir 24 h, relative Luftfeuchtigkeit 62 + 5%)
gehalten. Die drei Versuchsfuttermittel (T1, T2, T3) basierten auf Mais-Sojabohnenmehl. Das Kontrollfutter (T1)
entsprach einer {iblichen Futtermischung. T2 und T3 wiesen eine unterschiedlich erhdhte Konzentration von
Vitamin E, C, Selen und Zink auf (T2: 540 mg/kg, 998 mg/kg, 0,60 mg/kg, 97 mg/kg und T3: 1540 mg/kg,
1996 mg/kg, 0,90 mg/kg, 148 mg/kg). Es wurde festgestellt, dass die Verdaulichkeit von Rohprotein und
Trockensubstanz, die Rektaltemperatur und die chemische Zusammensetzung von Entenbrust- und -keulenfleisch
durch didtetische Behandlungen unter Hitzestress nicht beeinflusst wurden (P >0,05). Jedoch wurden mehrere
Produktionsparameter (Futteraufnahme, Lebendmasse am Tag 14 und 42, tdgliche Lebendmassezunahme,
Futterverwertung) und die antioxidative Kapazitit des Serums (Malondialdehyd, Superoxid-Dismutase,
antioxidative Kapazitdt von wasser- und fettloslichen Verbindungen, Glutathion-Peroxidase) von 14 - 42 Tage alten
Enten durch Supplementierung von Antioxidantien (T2, T3) signifikant verbessert (P < 0,05). Die verbesserte
antioxidative Kapazitdt des Serums in den T2- und T3-Gruppen fiihrte somit zu einer Leistungssteigerung der Enten
unter Hitzestress. Auf der Basis dieser Ergebnisse wird empfohlen, bei hoher Umgebungstemperatur im Sommer
eine antioxidative Nahrungsergidnzung wie beispielsweise in der T2-Gruppe (Vitamin E: 540 mg/kg Futter, Vitamin
C: 998 mg/kg Futter, Se: 0,60 mg/kg Futter und Zn: 97 mg/kg Futter) fiir die Erndhrung von Enten in der Praxis
einzusetzen.

Stichworte
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Introduction

Climate change is a research area of particular importance today, as it has an effect on everyday life, including on
agriculture and food production. High environmental temperatures may lead to heat stress, which in turn can
decrease antioxidant status, change energy and nutrient metabolism, reduce performance, increase mortality and
also affect the product quality of livestock ( ; ; ;

; ).

Poultry, especially ducks, are more sensitive to heat stress than other livestock, because their metabolism is high,
causing high body temperatures, their body is covered with feathers and they do not have sweat glands (

; ). The importance of duck meat is increasing worldwide. Global
duck meat production was about 4.2 million tonnes in 2011 and increased 3.5% each year according to FAO data.
Successful and economic production is possible with intensive nutrition and concentrated nutrient content, under
intensive conditions such as those used in the broiler industry. However, there is a lack of information about their
nutrition, especially under high environmental conditions. The negative effects of high environmental temperatures
can be reduced by biological approaches (e.g. genetics, thermal conditioning, nutrition) ( ;

) or housing equipment (e.g. air conditioning, intensive ventilation, humidification) ( ;

). However, in most cases, housing methods are expensive and not adequate. Therefore,

intensive research is being conducted on different nutritional tools, especially feed additives. In a situation of heat

stress, feed additives with direct and indirect antioxidant effects can be supplemented alone (e.g. Vitamin C, E and
A), or together with other micro minerals (e.g. chromium, selenium and zinc).

It is well known that the elimination of the free radicals activates the three level antioxidant system, which helps to
protect livestock against heat stress ( ; ;
). According to most research, results show that influencing the second level of the antioxidant system (the
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small molecule antioxidant group) provides an opportunity to reduce the negative effects of heat stress. These
compounds take part in detoxification and recovery reactions. The most important are: Vitamin C, E and glutathione
( ; ; ; ).

Very few studies on ducks under long-term heat stress have been published. Therefore, the aim of this study was to
determine the effect of dietary supplementation of Vitamin C, E, Se and Zn to ducks kept under constant high
environmental temperature (30 £ 1°C for 24 h during 28 days) on their antioxidant status, rectal temperature,
production parameters, nutrient digestibility and the chemical composition of meat in the growing period from 14
days to 42 days of age.

Materials and Methods

Ethics Statement

The experiment procedures were approved by the University of Debrecen Animal Care Committee (Debrecen,
Hungary).

Animals and experimental design

Birds. A total of 900 mixed sex 14 d old Cherry Valley type hybrid ducks were raised under standard management
conditions. They were fed by same compound feed (meeting NRC requirements) for 14 days before being randomly
placed into three experimental groups each containing 20 birds in five replicates (n = 100 birds/treatment group;
n = 300 birds/experiment) and was repeated twice (3x300 ducks = 900 ducks in total).

Housing. The birds were housed in uniform circumstances from 1 day of age until 14 days of age (as recommended by
). At 14 days of age (14 d), the ducks were housed in an environmentally controlled room
for 28 days (until 42 days of age- 42 d) to a high environmental temperature of 30 + 1°C and RH of 62 + 5% for
24 h/day. The temperature was monitored twelve times daily at different locations of the animal house. Fifteen pens
were used. Each pen (3x3x1.5 m) held 20 birds. A lightning schedule of 23L:1D (2 lux) was provided (
). Ducks were kept in floor pens covered with straw. All ducks were provided with free access to feed
and water.

Dietary treatments, composition of diets and calculated nutrient content. The three experimental diets were maize-
soybean meal based and formulated in the study to meet NRC requirements for ducks ( ). The experimental
diet (Table 1) was prepared by using a control diet, which can be used in normal environmental temperatures in
practice (near to the thermo-neutral zone of ducks). In treatment 1 (T1), we used a control diet only with premix
supplementation (Table 2). Treatment 2 (T2) had increased concentration of Vitamin E (540 mg/kg diet), Vitamin C
(998 mg/kg diet), Se (0.60 mg/kg diet) and Zn (97 mg/kg diet) respectively (Table 2). Treatment 3 (T3) had even
higher concentrations of Vitamin E (1540 mg/kg diet), Vitamin C (1996 mg/kg diet), Se (0.90 mg/kg diet) and Zn
(148 mg/kg diet) (Table 2). The composition and calculated nutrient contents of the diet is summarised in Table 1.
The supplementations in T2 and T3 were added directly to the feed beyond the premix.
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Table 1. Composition and analysed or calculated nutrient content of the experimental diet

Ingredients (%) Diet
Maize 38.7
Wheat 10.0
Triticale 20.0
Ext. soybean meal (CP: 46%) 14.2
Full fat soy 5.0
Ext. sunflower granulate 6.3
Wheat meal 3.0
Premix’ 0.5
Others* 2.3*
Analysed and calculated nutrient content (100 g dry matter)

ME poultry (MJ/kg)” 121
Crude protein (%)* 17.7
Crude fibre (%)* 4.5
Crude fat (%)* 33
Lysine (%)* 1.0
Methionine (%)* 0.47
Ca (%) 0.58
Si,0 (%)* 0.5

! 1kg premix contains: Vitamin A (retinyl acetate): 2 000 000 IU; Vitamin D3 (cholecalciferol): 600 000 IU; Vitamin E (all-rac-alfa-
tocopheril acetate): 8 000 mg; Vitamin K3: 600 000 mg; Thiamine: 400 mg; Riboflavin: 1400 mg; Pantothenic acid (calcium
D-pantothenate): 2000 mg; Pyridoxine: 1000 mg; Vitamin B12: 4 mg; Niacin: 7 999 mg; Folic acid: 200 mg; Biotin: 20 mg; Iron (Iron-II-
sulphate-monohydrate): 10 000 mg; Manganese (Manganese-ll-oxide): 20 000 mg; Zinc (Zinc-oxide):10 000 mg; lodine (granulated
anhydrous calcium-iodate):400 mg; Selenium: 90 mg; Copper (methionine-hydroxyl-analogue copper-chelate): 4000 mg; Zinc
(methionine-hydroxyl-analogue-zinc-chelate): 10 000 mg; Butylated hydroxytoluene (BHT): 1 440 mg; Propyl gallate (E310): 738 mg;

Butylated hydroxyanisole (BHA): 1152 mg.

* Amino acid supplementation: L-lysine HCl, DL- Methionine, L-Threonine; Sunflower oil; Limestone; MCP; Sodium chloride; NaHCO;

* Analysed
Y Calculated

Table 2. Dietary treatments

Treatments
T T2 T3
Supplementation - + —
Vitamin E (mg/kg)* 40 540 1540
Vitamin C (mg/kg)* - 998 1996
Se (mg/kg)” 0.45 0.60 0.90
Zn (mg/kg)* 50 97 148

’ Analysed

Sampling and sample preparation. Three ducks per pen (5 pens/treatment =15 ducks/treatment) were chosen

randomly and killed by cervical dislocation at d 42 for blood, digesta and meat sampling.

Blood: Plasma blood was collected into EDTA-coated vacutainer tubes (BD, Franklin Lakes, NJ, USA). 1 ml of the
samples was centrifuged at 1000 g at 4°C for 10 min. The supernatant plasma was further divided into 300 ul aliquots

and stored at -20°C until analysis (n = 3 ducks/pen, 15 ducks/treatment).
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Digesta: The digestibility of nutrients in the small intestine was determined by post mortem digestibility trial using
Si0 as the indicator. Digesta was collected from the distal duodenum to the ileocecal junction (the entire ileum)

according to . The samples were placed in plastic holders and stored at -20°C until laboratory analysis
(n =3 ducks/pen, 15 ducks/treatment).

Meat: The skinny (without bones) leg and breast meat of the ducks were collected individually in plastic bags at d 42.
The samples were stored at -20°C until analysis (n = 3 ducks/pen, 15 ducks/treatment).

Measurements. Rectal temperature (RT): A thermometer was inserted 3 cm into the rectum for 10-15s for RT
measurement. RT was measured (n = two birds/pen) two times a day (at 9 am and 4 pm).

Performance trial: The body weight (BW) of the ducks was measured individually (n = 900) at d 14 and d 42 (g/bird).
The daily weight gain ({WG) was calculated individually (g/day/bird). The daily feed intake (FI) was recorded by each
pen (n = 15 pen) and was calculated individually (g/day/bird). Each duck had a wing-mark for identification. The feed
conversion ratio (FCR) and the energy (Energy CR) and protein (Protein CR) conversion ratio were calculated for each
pen (n = 15 pen). The number of dead birds was recorded.

Antioxidant status: The following antioxidant parameters were measured: Superoxide dismutase (SOD),
antioxidant capacity of water-soluble (ACW) and lipid soluble (ACL) compounds, glutathione-reductase (GR),
glutathione-peroxidase (GPx), reduced glutathione (GSH), ascorbic acid (AsA), Vitamin E and malondialdehyde
(MDA).

Chemical analysis. Diet: The nutrient, vitamin and mineral contents of the diet were determined using standard

procedures of AOAC Official Methods ( ). The following contents were determined: crude protein (
), crude fibre ( ) crude fat ( ), lysine and methionine ( ), Ca (
), Vitamin E ( ), Vitamin C ( ), Seand Zn ( ) and Si,O ( ).

Blood: To determine SOD activity, erythrocyte containing pellets were washed four times with 3 moles of 0.9% NaCl
solution and centrifuged at 2555 g at 4°C for 10 min. The erythrocytes were re-suspended in 2 ml cold distilled water
and incubated at 4°C for 15 min.” SOD activity was measured after incubation. SOD, ACW and ACL was determined
using commercially available kits (Analytik Jena AG, Jena, Germany) with PhotoChem® ( ).

The GR, GPx, GSH, AsA, Vitamin E and MDA were measured with SpectroStar reader (BMG Labtech,
Offenburg, Germany). The GR and GPx activity (Abcam, Cambridge, UK) and the concentration of GSH (BioVision,
INC. Headquarters Milpitas, California, USA) and MDA (Sigma-Aldrich, St. Louis, Missouri, USA) were determined
using commercially available assay kits. The concentration of Vitamin E was determined using ELISA kits (Blue Gene

Nano micro plate

Biotech LTD, Shanghai, China). To determine the plasma AsA content the plasma samples were pre-treated due to
the high protein content of the samples. First, chemical destruction was done using 37% HCI acid: 96% ethanol
solution (1:7) ( ). A sample of 100 pl plasma was added to 500 ul of HCl:
ethanol solution. This was incubated for 30 min at 25°C. The samples were centrifuged at 13000 g at 4°C for 5 min.
The supernatant was used for determination using a commercially available assay kit (Abcam, Cambridge, UK). The
results were multiplied by the molecular weight of ascorbic acid (176.12 g).

Digesta: The digesta samples were analysed using standard procedures of Proximate Analysis ( ). We

used Si,0 sand (Sigma-Aldrich, St. Louis, Missouri, USA) to increase the amount of HCl insoluble ash concentration.

Meat: The meat samples were analysed using standard procedures of Proximate Analysis ( ). Glycogen
content in terms of glucose was measured by the method of

Calculations. Production parameters: FCR, Energy CR, Protein CR and Specific feed cost were calculated as follows:
FCR = feed intake (kg)/weight gain (kg)
Energy CR = used energy (MJ AME,,/weight gain (kg)

Protein CR = used protein (g)/weight gain (kg)

Specific feed cost = price (US ) x WG (kg). The specific feed cost is a ratio between weight gain and the price of 1 kg of
the diet.

Digestibility: We used a formula to calculate the apparent digestibility of nutrients according to
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Statistical analysis
The experimental data was analysed using the PROC GLM (mixed models) procedure of SAS (SAS, 2010, version 9.3;
SAS Inst.Inc., Cary, NC, USA). The general model was as follows:

Yijk =u +Ti + R] + (TXR) ij +e ijk

Where: Y = dependent variable; p = overall mean; T =treatment (I =3); R =repeat (j=2); TR = interaction between
treatment and repeat; e = residual error

Live performance was analysed using the pen as the investigation unit, while each duck was considered as statistical
unit for blood, RT, digestibility and carcass parameters. When significant effects were obtained, differences between
means were compared by Tukey's multiple range test at a significance level of P < 0.05 (SAS, 2010). Repeat and
treatment-repeat interaction was omitted because these effects were not significant.

Results and discussion

Rectal temperature of ducks

The results of rectal temperature of ducks in different treatments at 18 d, 28 d and 42 d are presented in Figure 1.
Effects of time of the day were not significant; therefore, this variable was omitted. Based on the present results, we
suppose that the supplementation affected the rectal temperature of ducks, irrespective of time of day.

435 d42
d28
43

425 - : =
p d18
* mHll
T T2 T3 TT T2 T3 T T2 T3

Treatments

Rectal temperature (°C)

TTreatments and codes are defined in Table 2.
b Different superscripts indicate significant differences between groups at P<0.05 level.

Figure 1. Effect of heat stress on the rectal temperature of ducks in different treatments at d18, d28 and d42 (least square means + SEM)

Auswirkung von Hitzestress auf die Rektaltemperatur von Enten in verschiedenen Fiitterungsgruppen am Tag 18, 28 und 42 (von links nach

rechts; kleinste mittlere Quadrate + SEM)

It can be concluded that T3 supplementation decreased the rectal temperature of ducks under heat stress
significantly at 42 d; however, only by some degrees (P < 0.05). At 18 d and 28 d, there was no significant difference
between treatments. We suggest this could be because of the adaptation ability of ducks against high environmental
temperature. The rectal temperature decrease in T3 at 42 d shows that during constant high environmental
temperature, the adaptation ability of ducks is decreased. Therefore, supplementation is recommended to reduce
rectal temperature.

The body temperature of poultry under normal conditions is in the range of 41 to 42°C and increases when
environmental temperature increases (COOPER and WASHBURN, 1998) and during short term heat stress (ALTAN et al.,
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; ). However, during long term (constant) heat stress, the rectal temperature is not elevated in
poultry ( ).

Antioxidant parameters

The results of the antioxidant parameters of ducks under heat stress can be seen in Table 3. The results showed that
in T3, the amount of SOD decreased due to the supplementation. This could be because the supplemented ascorbic
acid reacted with the superoxide anions; therefore there was less requirement for SOD enzyme activity. In other
studies, SOD activity also decreased by antioxidant supplementation under heat stress in poultry ( ;

). The results of ACW and ACL contain all water and lipid soluble antioxidants in the blood. Due to
the increased vitamin and micro mineral supplementation in the diets, a significant increase in T2 and T3 is seen
(P < 0.05). This is in accordance with , but found that Vitamin E
supplementation did not increase the ACL levels in serum. It is suggested that the metabolic role of selenium is to

protect cells against oxidation and tissue damage. Elimination of H,0, is done by GP with GSH consumption. In the

present study, we found that GPx significantly decreased in T2 and T3 (P < 0.05). GPx activity increases in broiler
( ) and turkey ( ) under heat stress under selenium supplementation. The
activity of GPx is continuous and depends on the presence of GSH. GR enzyme regenerates GSH from glutathione
disulphide (GSSG) and requires NADPH as source of energy ( ). Therefore, in the present study the GR
activity decreased (P > 0.05) in T2 and T3 in parallel with the GPx activity (P < 0.05). The increased amount of GSH
did not increase the activity of GPx in T2. We suggest that presence of GSH affects another pathway of H,0,

dissociation, which is catalysed by ascorbate peroxidase. However, GSH concentration decreased under heat stress in
broilers under Vitamin E supplementation ( ). Se supplementation can increase production of GSH
( ). Zn may play an important role in suppressing free radicals because it works as a cofactor (Cu/Zn-
SOD) and inhibits NADPH-dependent lipid peroxidation ( , ).

Table 3. Effects of heat stress on antioxidant parameters of ducks (least square means + SEM)

Treatments
Probability

Antioxidant parameters T T2 T3 P-value Treatment
Malondialdehyde (MDA) 13.2 + 1.45 4.4 +1.87° 47 + 1.45° 0.001 ol
(nMol/pl) e T o
Vitamin £ 115 + 0.08 0.98 +0.08®°  0.84 +0.08" 0.02 *
(pg/ml)
Vitamin C 2.2+ 030° 33+ 030 2.8 + 0.30% 0.05 *
(pg/ul)
Superoxide-dismutase (SOD) 104.2 + 8.22°2 113.2+8.22° 70 + 9.19° 0.005 *x
(U/ml) 2 £ 8. 2 +8. +9,
Antioxidant capacity of water-soluble compounds (ACW) 19.6 + 3.95 31.01 + 3.95° 68.2 + 4.16 0.0001 el
(ug/ml ascorbic acid) T T T
Antioxidant capacity of lipid soluble compounds (ACL) 21.05 + 1.36 221+ 1522 33.9 + 1.36° 0.0001 ol
(ug/ml trolox) Tt T T
Glutathione-peroxidase (GPx) 88.95 + 2.97% 70.4 + 3.06° 79.3 + 3.06° 0.001 el
(mU/ml) Tt e o
Glutathione-reductase (GR) 46.01 + 4.26% 40.6 + 4.26% 36.3 + 4.49° 0.3 NS
(mU/ml) T T D
Reduced glutathione (GSH) 14.4 + 2.28° 221+228° 13.2+2.28° 0.02 *
(M/mlI) e o T

T Treatments and codes are defined in Table 2.

35 pifferent superscripts in the same row indicate significant differences between groups at P < 0.05 level.
*** P < 0.001; ** P < 0.01; * P < 0.05; NS = non-significant (P > 0.05).
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According to other studies with Vitamin C, E, Se and chromium (Cr) supplementation ( ;

; ; , b) decreased MDA concentration. As expected, the present
results show that MDA level significantly decreased in T2 and T3 (P < 0.05) (Table 3) due to the supplementation.
Increased environmental temperature will cause increased lipid peroxidation and induced formation of MDA;
therefore, the antioxidant defence system is altered ( : ;

). Lipid peroxidation decreased and enzymatic and non-enzymatic antioxidant systems activity
increased with supplementation under heat stress ( : ; ). The
concentration of Vitamin E decreased in line with MDA formation; however, the supplemented Vitamin E in T2 and
T3 did not affect (P > 0.05) the concentration of Vitamin E in the blood. This could be because the ascorbic acid,
which is necessary for the Vitamin E regeneration, was used for dissociation of superoxide anions and H,0, and was

used by GR for maintaining the glutathione level. In the present study, we found that concentration of Vitamin C
increased significantly in T2 but not in T3 (P < 0.05) (Table 3). Vitamin C supplementation in the diet increased
Vitamin C concentration in serum of broilers, similar results were found in other studies ( ;

; ). High environmental temperature may decrease the concentrations of
vitamins and micro minerals in serum and increase their excretion ( ; ).
Therefore, supplementation of direct or indirect antioxidant compounds (e.g. vitamins and micronutrients) at higher
levels is recommended ( ). The increased amount of pro-oxidants, which cannot be eliminated by the
small molecule antioxidants (Vitamin C and E), activates at the same time the direct enzymatic pathway of the three
level antioxidant system.

As mentioned before, ducks are more sensitive to heat stress than other livestock. Therefore, we suggest that the
supplementation used in the present study improved the antioxidant status of ducks under heat stress. These
additives support mechanisms against lipid peroxidation, improve antioxidant and immune status and performance
in other studies, too ( ; ; ). Lipid peroxidation
decreased and the enzymatic and non-enzymatic antioxidant systems improved with supplementation under heat
stress ( ; ; . b).

Digestibility of nutrients
The digestibility coefficients of dry matter and crude protein are summarised in Table 4. Digestibility of DM in T1, T2
and T3 were all higher than otherwise seen in the literature. Digestibility of crude protein (CP) in the present
experiment show the same level as in other studies, in which digestibility of CP ranges from 67% |

; ) to 80-84% | ). Vitamin C addition under heat stress in
general improved the digestibility of nutrients, although in the present study this was not significant.

Table 4. Effects of heat stress on digestibility of dry matter and crude protein (least square means = SEM)

Treatments Probability Treatment
Digestibility (%) T T2 T3
Dry matter 77.9 £ 0.60 79.0 + 0.54 79.6 £ 0.54 NS
Crude protein 73.1+1.00 74.3 £ 0.91 73.5 + 0.91 NS

T Treatments and codes are defined in Table 2.
NS = non-significant (P > 0.05).

It can be concluded that digestibility of nutrients (dry matter, CP) in ducks was not affected by the increased vitamin
and mineral supplementation under long-term heat stress. The digestibility of DM and CP did not change
significantly (P > 0.05).

Heat stress has negative effects on nutrient digestibility ( ; ). However, there are only a
limited number of scientific studies on the digestibility of nutrients in ducks under heat stress. Digestibility of DM in
broilers can vary from 66% ( )to 73% ( ).
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Production parameters

The results of the production parameters are presented in Table 5. In the present study, the number of dead birds
was very low and caused by sudden death syndrome SDS (n = 2). The d14 weight, which did not differ significantly
between treatments, confirmed an equal distribution to the treatments with regard to body weight. The weight of the
ducks at the end of the experiment (d42) was significantly higher in T2 and T3. In T2 and T3, the dWG and FCR was
significantly higher (P < 0.05). The energy and protein CR is an index used to represent the applied energy and
protein used for weight gain. The energy conversion ratio showed same tendency as other parameters: improved
values in T2 and T3. However, protein conversion ratio did not differ significantly in treatments. The production
costs did not differ significantly between treatments (P > 0.05).

Table 5. Effects of heat stress on production parameters (least square means + SEM)

Treatments

Probability
Production parameters T T2 T3 P-value Treatment
Dead birds 2+043 2+0.43 1+0.43 0.81 NS
FI (g/day/bird) 25 + 0.44° 27 + 0.44° 26 + 0.44° 0.002 **
Live weight at 14d (g/bird) 692 + 16.49 687 + 16.49 672 +16.49 0.69 NS
Live weight at 42d (g/bird) 1399 4 47.84° 2127 + 46.21° 2176 + 46.21° 0.0003 **
dWG a b b 0.005 *x
(g/day/bird) 40.6 + 2.41 49.1 + 2.32 51.8 + 2.32
FCR (kg feed/kg WG) 2.8 + 0.08% 26 + 0.08° 24 + 0.08° 0.009 **
Energy CR a b b 0.0005 *rx
(MJ AME,/kg WG) 3453 £ 10.11 309.2 £ 9.76 285.1+ 9.76
Protein CR 4599 +14.43 4499 + 13.94 428 +13.94 0.28 NS
(g protein/kg WG)
Specific feed cost (/WG) 0.83 + 0.58 0.71 £ 0.58 0.68 + 0.58 0.2 NS

Fl = feed intake; dWG = daily weight gain; FCR = feed conversion ratio; Energy CR = energy conversion ratio; Protein CR = protein
conversion ratio.

T Treatments and codes are defined in Table 2.

b pifferent superscripts in the same row indicate significant differences between groups at P < 0.05 level.
*** P < 0.001; ** P < 0.01; NS = non-significant (P > 0.05).

Production parameters significantly improved with higher vitamin and mineral supplementation under heat stress in
ducks. The T2 level did not differ significantly from T3 (P < 0.05) so it seems that supplementation of vitamins and
minerals above T2 is not necessary.

Production parameters of poultry kept under high temperature conditions improved with Vitamin C (
) and Vitamin E supplementation ( ; ; ;
; ), which can be explained by their function free radical scavengers.

Chemical composition of meat
The effects of heat stress on chemical composition of duck leg and breast meat are summarised in Table 6 and Table
. As can be seen in Table 6, the DM, protein and fat content of duck leg meat was not affected by higher vitamin C,
E, zinc and selenium supplementation under heat stress. Therefore, according to the present results, antioxidant
supplementation does not improve the chemical composition of duck leg meat under high environmental
temperatures. Breast meat (Table 7) shows the same tendency as the results for leg meat. Mostly there were no effects
of supplementation. However, the DM content decreased in breast meat in T2 (P < 0.05). According to the present
results, the glycogen content of duck meat significantly decreased in both leg and breast samples in T2 and T3. This
suggests that the increased vitamin and mineral supplementation could not inhibit the reduction of glycogen levels.
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Table 6. Effects of heat stress on chemical composition of duck leg meat (least square means + SEM)

Probability
Treatments Treatment
Leg meat composition (%) T T2 T3
Dry matter (%) 23.8 + 0.21 235+ 0.21 23.6 £ 0.24 NS
Protein (DMb) 83.6 + 0.92 84 + 0.99 86.3 + 1.03 NS
Fat (DMb') 9.9 = 0.94 9.9 £ 0.91 7.9 +0.98 NS
Glycogen (DMb") 0.56 + 0.02° 0.49 + 0.02° 0.48 + 0.02° *
T Treatments and codes are defined in Table 2.
' DMb = Dry matter based.
b Different superscripts in the same row indicate significant differences between groups at P < 0.05 level.
* P < 0.05; NS = non-significant (P > 0.05).
Table 7. Effects of heat stress on chemical composition of duck breast meat (least square means + SEM)
Treatments
Probability
Breast meat composition (%) T T2 T3 Treatment
Dry matter (%) 23.6 + 0.18° 22.9 + 0.19° 23.5 + 0.19° *
Protein (DMb) 90.3 £ 0.57 89.8 + 0.57 90.8 + 0.59 NS
Fat (DMb') 25+042 33 £ 0.44 22+0.46 NS
Glycogen (DMb") 0.85 + 0.03° 0.69 + 0.03° 0.7 + 0.03° i

T Treatments and codes are defined in Table 2.
' DMb = Dry matter based.

b pifferent superscripts in the same row indicate significant differences between groups at P < 0.05 level.
** P < 0.01; * P < 0.05; NS = non-significant (P > 0.05).

Different conditions (e.g. heat stress, feed withdrawal, transport) have been known to affect meat characteristics and
quality in poultry ( ; ; ) by changing the aerobic metabolism
and glycolysis ( ). The chemical composition of duck breast meat in different experiments were
determined to be around 20-21% protein and 1.5-3.6% fat, when sampled under thermos-neutral conditions and
without supplementation ( ; ). and

reported that high environmental temperature caused a reduction in protein content of poultry carcases.

One of the physical changes during the post mortem ageing of animal meat is the breakdown of glycogen. Based on
the literature, heat stress has negative effects on muscle glycogen levels because glycogen breakdown and depletion
is increased ( ; ). Due to the decreased glycogen level, the concentration of lactic acid also
decreases, meaning that the pH of the animal meat will increase. This process occurs in PSE meat ( ;

). Different studies show that muscle glycogen levels is decreased under stress (

; ).

19.05.2020 10/15



Europ.Poult.Sci., 84. 2020, ISSN 1612-9199, © Verlag Eugen Ulmer, Stuttgart. DOI: 10.1399/eps.2020.306

Conclusion

It can be concluded that the digestibility of crude protein and dry matter, the rectal temperature and the chemical
composition of duck breast and leg meat were not affected (P > 0.05) by dietary treatments under heat stress. On the
other hand several production parameters (FI, live weight at 14 d and 42 d, dWG, FCR) and the serum antioxidant
capacity (MDA, SOD, ACW, ACL, GPx) of 14-42 day old ducks were significantly improved (P < 0.05) with
supplementation (T2, T3). Based on the present results, we recommend using T2 (Vitamin E: 540 mg/kg diet,
Vitamin C: 998 mg/kg diet, Se: 0.60 mg/kg diet and Zn: 97 mg/kg diet) supplementation in practical duck nutrition
at high environmental temperatures (in the summer).
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