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Abstract

The effect of selenium supplementation in finishing broiler diets on meat quality was studied. A
corn soya based diet was supplemented with 0.3 ppm of Se from an organic (Seleno methionine;
Se-Met) or inorganic source (sodium selenite; Se-Na) and offered to Rossmale chickens from thirty
five to fifty two days old. Body weight and feed consumption were recorded during the experi-
mental period. Immediately post sacrifice liver was removed and weight was recorded. The liver
glycogen and lactate content was measured. Carcass yield and abdominal fat were determined. At
24 hours post mortem, pHu, colour L, a*, b*, H°, C* and drip loss of the Pectoralis and Gastrocne-
mius muscles were determined. Se-Met supplementation significantly decreases daily food intake.
Se-Na significantly increases liver glycogen and lactate content at 3 minutes post mortem. Se-Met
and Se-Na significantly increase pHu as compared to the control diet. Also a Se-Met provoked a
darker (lower L*) and a redder (higher a*) and a decreased tone (lower H°) in Pectoralis. Se-Met
and Se-Na significantly decrease the drip loss in Pectoralis and Gastrocnemius at 24 hours post
mortem. We conclude that selenium supplementation decreases food intake and improves meat
quality by improving colour and decreasing drip loss, likely by a modulation of reserve of glycogen
in liver. The difference among the organic and inorganic sources is not clear and requires further
investigation.
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1. Introduction

The consumption of poultry meat has increased in recent years in the region and the world due to the high nutri-
tional value, health-effect and functional attributes [1]. However, the production of poultry meat is facing new
challenges that make the concept of nutritional, sensory and technological quality. The major problems of poul-
try meat that occur in the postmortem may be originated in the ante mortem period, when diet is one of the fac-
tors that may influence them. In the post mortem, avian muscle suffers important metabolic changes that result
in a decrease in the pH of the meat up to 24 hours. Speed of fall and the final value reached inherit sensory, or-
ganoleptic, nutritional and technological quality of poultry meat. The extent and rate of pH fall hit the most in-
dicative of the sensory quality parameters (color, texture, juiciness, tenderness, flavor, and odor) that affect the
acceptability for consumption and promote a series of biochemical processes modifying the suitability of meat
for processing and preservation [2]. The rate of pH decline during the post mortem period and its final value (ul-
timate pH) influence meat attributes (water holding capacity, colour) directly and the technological aptitude for
processing indirectly. Oxidative process such as lipid peroxidation and carbonyl formation [3] is the most pre-
valent factor in conservation and will strongly affect the water holding and color. Glycogen store in the pre
mortem is key on the pH falling. In avian pectoral muscle, a fast pH drop is associated with protein denaturation
in the early post-mortem stages, with the result of poor water retention and less texture [4]. A rapid decrease in
the post mortem pH and a low pHu reduce the meat quality. However, a limited decrease in pH, and a high pHu
could favour a DFD meat (Dark, firm and dry), resulting in a decrease of the technological capability and prod-
uct preservation. A strategic dietary modification to modulate the glycogen utilization could improve the meat
quality and the properties of this for processing. Also, enhancing the oxidative stability of meat could counteract
the oxidation of lipids and proteins, improving the technological characteristics of the meat, the nutritional value
and the acceptation by the consumers. Among the dietary factors as antioxidants, selenium has many properties,
because of its dual role as a cofactor of the antioxidant enzyme GPx [5] whose antioxidant effect has been well
showed in poultry [6] and the interesting effect as insulin-like [7] which could modify the glycogenstores and
the glycolysis observed in rats [8]. According this role in muscle, a hypothesis that the Se supplementation could
modulate the glycogen metabolism in poultry could be raised. However the assimilative capacity and the effects
on the animal of the dietary selenium depend largely on the source used, either organic or selenomethionine or
inorganic such as sodium selenite [9]-[11]. Selenium in animal diets is supplemented primarily as inorganic so-
dium selenite or sodium selenate, but there is increasing interest in the use of organic forms, such as selenome-
thionineas supplemental sources of Se [12]. Diets supplemented with either sodium selenite or Se-enriched yeast
have shown that organic selenium is deposited more effectively in broiler breast muscles than inorganic sele-
nium [13], and improves the color meat [14] during retail. Mueller et al. [15] showed that the chemical form of
selenium, selenite or selenate also has different insulin mimetic properties of the trace element in rats. In our
knowledge, the effect of selenium supplementation on the liver glycogen stores has not been studied in poultry.
So the aim of this study was to evaluate the effect of supplemented finishing broiler diet with organic and inor-
ganic selenium on the animal growth, liver glycogen and lactate content, and pHu, color and drip loss in the
Pectoralis and Gastrocnemius muscles at 24 hours post mortem.

2. Material and Methods

2.1. Animals, Management and Diets

The animal care and handling were approved by the Honorary Committee on Experimental Animals of the Uni-
versity of the Republic, Montevideo, Uruguay (CHEA) before the experiments started. The trial was conducted
at the Faculty of Agronomy of the University of the Republic (UDELAR, Montevideo, Uruguay), following the
human animal care and handling procedures, according to the accepted protocol. One-day-old male Ross birds
obtained from a commercial hatchery were reared until thirty-five days on a floor pen with wood shavings, in a
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climate-controlled room with a photoperiod of 23 hours of light. They were fed ad libitum with a commercial
corn-soya diet (219 g/kg CP; 13.35 MJ/kg of ME). Fresh water was given ad libitum. At thirty-five day, ninety
birds were selected by weight and health appearance and assigned randomly into three groups of thirty birds
each located in ten experimental pens (90 cm x 90 cm each one) with wood shavings as litter. Each pen located
three birds. Birds were fed, ad libitum, with one of the experimental diets until sacrifice. A corn-soya based diet
was formulated to meet the nutrient requirements for finishing male broilers following INRA [16] and Larbier &
Leclercq [17] and was considered the basal diet (Table 1). The other two diets were supplemented with Se from
an organic source (0.3 ppm Se, as selenomethionine, SeMet) and an inorganic source (0.3 ppm Se, as sodium
selenite, SeNa). All diets were iso-protein and iso-energetic (200 g/kg CP, 13.10 MJ/kg of ME). Dry matter,
crude protein, crude fibre and selenium content analyses of feed were carried out according to AOAC methods
[18] and Ramos et al. [19].

2.2. Animal Parameters

Individual body weight at 35 and at 52 days of age was determined, and weight gain for the experimental period
was estimated as the difference between the two measures. Daily food consumption and conversion efficiency
(kg feed /kg gain) were also calculated. At fifty-two days old all the birds were sacrificed in an experimental ab-
attoir. Pre-harvest handling and transportation (transportation time was 3 minutes) were in accordance with good
animal welfare practices. Slaughtering procedures followed the CHEA accepted protocols. At 52 days, all the
birds were slaughtered after fasting for 4 hours according to standards established by CHEA, making the sacri-
fice by cutting the jugular vein until total bleeding (3 min) to cause the least possible stress to the animal. Im-

Table 1. Chemical composition of experimental diets (g/kg).

Experimental diets

Control Se-Met (0.3 ppm Se) Se-Na (0.3 ppm Se)

Ground corn 600 600 600

Soybean meal 325 325 325
Meat and bone meal 42 42 42
Calcium carbonate 10 10 10
Dicalcium phosphate 8 8 8
Sunflower Oil 5 5 5
NaCl 3 3 3

L-Lysine.HCI 25 25 25
DL-Methionine 1 1 1

Premix® 25 25 2.5

Nutrient content of experimental diets

Crude Protein, (g/kg)®™ 200 200 200
Metabolizable Energy, (MJ/kg) 13.10 13.10 13.10
Crude Fiber, (g/kg)™ 37 37 37
Ca, (9/kg) 12 12 12
P, (g/kg) 42 4.2 42
Se, (ppm) 0.01 0.29 0.30

® Broiler mineral and vitamin premix. Provided (per 1,5 kilograms of diet): 12.000.000 U.I. of vitamin A, 2.000.000 Ul of vitamin D3, 25.000 U.1 of vitamin
E, 7.6 g of vitamin K, 5 g of vitamin B2, 10 g of calcium D pantothenate, 30 g of niacin, 0.5 g of folic acid, 13 mg of vitamin B12, 500 g of choline chloride,
0.5 g of vitamin B1, 1 g of vitamin B6, 90 g of Mn, 35 g of Zn, 25 g of Fe, 2 g of Cu, 2 g of I, 0.1 g of Co and 0.1 g of Se. (**) Analytical values.
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mediately after exsanguination, the liver was extracted (3 min) and the gallbladder was removed. The total fresh
weight was measured followed by immediate storage at —80°C until analysis. Eviscerated carcass weight was
determined following slaughter, evisceration and post chilling. At 24 hours post mortem followed for a refrig-
eration at 4°C, the weight of abdominal fat was determined [20].

2.3. Meat Quality Parameters

The pH was determined at 24 hours post mortem (maintained at 4°C) in the Pectoralis and Gastrocnemius mus-
cles from both sides, using a penetration pH meter LT Lutron pH-201. Meat colour was determined (after 30
min bloom time) using the CIELAB method L", a" b" at 24 hours post mortem (at 4°C) in the Pectoralis and
Gastrocnemius muscles from both sides (two readings on each) using a Minolta Lab CR-10 colorimeter. Meas-
urement conditions were with illuminant Dgs, an observation angle of 10° and an aperture size of 0.31 inches.
The chroma gc* =+a"? +b*22 and hue (H° = arctan b'/a") were also calculated [21]. Water drip loss was de-
termined by the weight differénce in 2.5 g of Pectoralis and Gastrocnemius muscles samples at 24 hours post
mortem from both sides [22].

2.4. Glycogen and Lactate Content in Liver

Glycogen and lactate content were measured 3 min post mortem for the liver. Briefly, an 8 g meat sample was
homogenized and extracted with 8 ml of HCI acid (4 N) for 2 hours at 100°C, filtered and neutralized by adding
NaOH (4 N) until pH reached 6.5 - 7 [23]. Glycogen was determined as glucose total equivalents following
Bergmeyer et al. [24] using colorimetric diagnostic kits (1001201, Spinreact, Spain) and expressed as mg glu-
cose/kg fresh meat. Lactate was assayed in the same hydrolysed slurry using commercially available enzymatic
colorimetric diagnostic kits (LO-POD; 1001330; Spinreact, Spain) and expressed as mg lactate/kg fresh meat.

2.5. Statistical Analysis

The data of body weight, feed consumption, body weight gain, conversion efficiency, liver glycogen and lactate
content, and pHu, color and drip loss for Pectoralis and Gastrocnemius muscles are reported as mean + standard
error of the media in the three experimental treatment. The effect of selenium supplementation on the perfor-
mance parameters and liver glycogen and lactate content was analyzed by one-way ANOVA and post hoc Tu-
key-Kramer Test. To determine the main effects of the supplemented selenium and muscle on the pH, color and
drip loss an ANOVA GLM was used followed by Tukey-Kramer Test. The level of significance was established
at P < 0.05, and the software used was the NCSS, 2007 (NCSS, 329 North 1000 East, Kaysville, UT 84037).

3. Results and Discussion
3.1. Animal Parameters

Selenium supplementation did not affected final body weight, average daily gain or conversion efficiency (g
gain/g feed) of birds al 52 days old, but a significantly decrease in average daily food intake was observed only
for poultry supplemented with 0.3 of Se as Se-Met (Table 2). This result was also observed by [25] and [26]
who found a significant (P < 0.05) improvement in food conversion ratio in broilers fed with organic Se at 0.20 -
0.25 mg/kg resulting from lower feed intake while maintaining the same live weight gain.In the present work,
gain: feed ratio was not different significantly between the diets. Further studies are necessary to explain these
effects on the appetite poultry. Bunk and Combs [27] has shown that selenium modify the appetite in selenium-
deficient poultry increasing the food intake. However others authors [28]-[30] report an increase in feed intake
and in body weight in chicken but not associated to a deficiency in selenium, while Payne and Southern [13] re-
port any effect to the selenium supplementation on animal growth.

3.2. Liver Glycogen and Lactate Content

An significantly (P < 0.05) increase in glycogen and lactate content in liver al 3 minutes post sacrifice was ob-
served with the Se-Na supplementation (Table 3). Selenium is associated to a higher restoration of glycogen le-
vels in liver after an exercise in rats [31] but it depends on the source and levels of supplementation. In this work
we observed also an effect on the lactate levels only with Se-Na supplementation. Lactate level are associated to
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Table 2. Effect of selenium supplementation (0.3 ppm) as selenomethionine (Se-Met) or sodium selenite (Se-Na) in a broiler
finishing diet (35 - 52 days old) on animal performance parameters: final body weight (g at 52 days old); average daily feed
intake (g/d), average daily gain (g/d), conversion efficiency (g gain/g feed) during the period 35 - 52 days; and weight of liv-
er and abdominal fat (g) and as a percentage of body weight at 52 days old and carcass yield (%).

Experimental diets

Items Control Se-Met Se-Na i
Final body weight, g 3770 + 106 3837 +£95 3792 £103 0.89
Average daily feed intake, g/d 1480+14a 1405+16b 1505+18a 0.001
Average daily gain, g/d 74827 774+26 75.7+£29 0.80
Gain: Feed, g/g 0.50 +0.02 0.55+0.02 0.50 +£0.02 0.08
Liver weight, g 56.5+1.9 57.4+31 544 +1.3 0.62
Liver weight, as % body weight 1.58 + 0.04 1.59 +0.08 1.65 +0.03 0.62
Abdominal fat, g 520+4.9 418+54 475+29 0.28
Abdominal fat, as % body weight 146 +0.14 1.17+0.15 1.44 +0.07 0.20
Carcass yield, % a 743+3.1 779+1.0 776+£1.0 0.36

Data represent mean + SEM of n = 10 (3 birds by pen). Differences between diets were analyzed by ANOVA one way followed by a Tukey-Kramer
Test (P < 0.05). Different lowercase in the row means differences between diets. A carcass yield calculated as eviscerated weight divided by final
body weight times 100.

Table 3. Effect of selenium supplementation (0.3 ppm) as selenomethionine (Se-Met) or sodium selenite (Se-Na) in a broiler
finishing diet (35 - 52 days old) on liver glycogen content, as g glucose/kg fresh meat, and lactate content, as g lactate/kg
fresh meat, at 3 minutes post slaughter.

Diets Glycogen (g/kg fresh meat) Lactate (g/kg fresh meat)
Control 6.20+0.19b 1.09+0.16 b
Se-Met 6.94 £0.16 ab 1.40+0.10 ab

Se-Na 7.04+034a 154 £0.07 a
P 0.05 0.04

Data are mean SEM of n = 18.Values followed by different lowercase letters in each column means significant differences between diets by one-way
ANOVA followed by a Tukey-Kramer Test (P < 0.05).

increased exercise and it was show that selenium supplementation could increase the antioxidant activity in
muscle reducing accumulation of lactate and free radicals [32]. Lisuka et al. [33] observed a hypoglycemic ef-
fect of selenium supplementation and that might be due to the acceleration of glucose metabolism and the inhi-
bition of glucose synthesis in the liver, suggesting a decrease in a source of precursor supply for the gluconeo-
genesis. The augmentation observed in this work could be due to an increase rate of glycolysis or a diminished
sortie from liver to blood and muscle. More research is necessary to highlight this point.

3.3. Meat Quality Parameters

Selenium supplementation significantly modified the pHu in Pectoralis and Gastrocnemius muscles (Figure 1)
arising levels of pHu near values of 5.9 - 6.0. These values are consistent with the values reported by Duclos et
al. [34] and could indicate normal glycolysis [35].

An effect on the colour parameters as L”, a and hue was observed for the diet supplemented with organic se-
lenium (Table 4). This effect was significant only in Pectoralis muscle. Diet with Se-Met as selenium source
provoked a darker and a redder meat than control and diet with Se-Na. Se-Met source provoked a lower tone
also in Pectoralis. The colour of fresh meat is a very important factor in the buying decision made by the con-
sumer, and consumers often see this colour as an indicator of the freshness and overall quality of the meat [36]
[37]. Colour is usually expressed by three components: brightness, L”; redness, a*; and yellowness, b™ and ac-
cording to the data obtained in our work for the pectoral muscle, selenium organic decrease the component
brightness and tone and increase redness at 24 hours post mortem (P > 0.05). The values found for redness, a"
could be explained by a less degradation of myoglobin during the establishment of rigor mortis. The a” values
for the Pectoralis muscle for Se-Met supplemented diet is higher than values reported by Fletcher et al. [36],
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Figure 1. Effect of selenium supplementation (0.3 ppm) as selenomethionine (Se-Met) or sodium
selenite (Se-Na) in a broiler finishing diet (35 - 52 days old) on the pHu in muscles Pectoralis (PM)
and Gastrocnemius (GM) at 24 hours post mortem. Data are the mean + SEM for n = 18. The pH
measurements for each bird were performed on both sides for both muscles. The main effects for
diets and muscles were analyzed by ANOVA with a GLM procedure followed by the post hoc
Tukey-Kramer test for comparison (P < 0.05). Bar with different lowercase (PM) or uppercase
(GM) means significant different by one-way ANOVA and Tukey-Kramer test (P > 0.05). Main
effects: Diets, P < 0.001, Se-Met, Se-Na > Control; Muscles, P < 0.02, GM > PM.

Table 4. Effect of selenium supplementation (0.3 ppm) as selenomethionine (Se-Met) or sodium selenite (Se-Na) in a broiler
finishing diet (35 - 52 days old) on the color, measured aslL,a, b" (CIELAB method) and on color tone measured as angle
hue (H°) and the color saturation measured as chroma (C") in muscles Pectoralis (PM) and Gastrocnemius (GM) at 24 hours
post mortem.

Diets Muscles L a’ b" H° ch
Control PM 525+11a 1.28+0.2b 10.5+0.8 1.46 +£0.03 a 10.6 £0.8
Se-Met PM 45.7+06b 289+04a 125+0.8 1.34+0.02b 129+0.8

Se-Na PM 504+13a 1.73+04b 10.6 £0.9 1.41+0.02ab 10.7+£0.9

P 0.001 0.004 0.17 0.004 0.11
Control GM 53311 3.38+0.8 13.2+0.9 1.33+0.05 13.8+0.9
Se-Met GM 55.1+0.9 473%0.8 135+1.2 1.24+0.04 14413

Se-Na GM 55.3+0.9 510+0.9 115+1.0 1.17 £ 0.06 128+1.2

P 0.31 0.32 0.36 0.12 0.62

Main effects

Diets Muscles

L" P < 0.05 Se-Met < Control, Se-Na P <0.001 GM >PM
a” P < 0.01 Se-Met > Control P <0.001 GM >PM
b" NS NS

H° P <0.007 Se-Met, Se-Na < Control P <0.001 GM < PM

C* NS P <0.01GM >PM

Data are mean + SEM of n = 18. The main effects were analyzed by ANOVA with a GLM procedure and the Tukey-Kramer Test for diets and mus-
cles (P > 0.05). Values followed by different lowercase letters in each column indicate significant differences between diets for each color parameter
in each muscle by one-way ANOVA followed by a Tukey-Kramer Test (P < 0.05).

a = 1.7 - 2.2 at 24 hours post slaughter. No effect was found for the yellowish-green colour, determined by the
variable b”. In the study of the proportion of red and yellow through the Hue parameter (Table 4), we note a de-
crease of hue only in the Pectoralis muscle when selenium organics was included.

Drip loss was significantly reduced by selenium supplementation compared to the control diet (Table 5). This
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Table 5. Effect of selenium supplementation (0.3 ppm) as seleno methionine (Se-Met) or sodium selenite (Se-Na)in a broiler
finishing diet (35 - 52 days old) on drip loss (%)in muscles Pectoralis (PM) and Gastrocnemius (GM) at 24 hours post mor-
tem.

Experimental diets

Muscles Control Se-Met Se-Na P
GM 209+0.25a 1.28+0.11b 1.22+£0.22b 0.05
PM 1.73+£0.20a 1.29+0.07b 1.22+£0.10b 0.05
Main effects
Diet P < 0.01 Muscle NS

Data are mean SEM of n = 18. The main effects were analyzed by ANOVA with a GLM procedure and the Tukey-Kramer Test for diets and muscles
(P > 0.05). Values followed by different lowercase letters in each row indicate significant differences between diets in each muscle by one-way
ANOVA followed by a Tukey-Kramer test (P < 0.05). NS = no significant.

effect was observed in both muscles, Pectoralis and Gastrocnemius al 24 hours post mortem. This effect was
previously observed in poultry by [25] and [14].

The first one showed that a positive difference was found for the organic source on minimizing water loss in
breast. In turkeys, Mikulsky et al. [38] reported a similar effect of both sources on the drip loss. In the present
work we have not any differences between the sources and both were effectives for this parameter. Also, we
found that this effect was in both muscles studied whereas the other works studied only the pectoral muscle.
Beyond the role of selenium in the protection of cells from damage, the dietary selenium source seems improve
meat quality, with particular reference to protect muscle of excessive tissue water loss [38]. It seems likely that a
stabilizing effect of Se is also associated with maintaining muscle membrane integrity. The drip loss affects
principally the marketing pieces of chickens, and processed products and is coming a substantial economic
problem [39] and it is estimated that drip loss can account for more than 3% of the total yield of cut-up chicken.
Excessive cellular damage resulting from oxidation may be the cause of drip loss [26]. In this sense, Edens [40]
showed that drip loss was decreased when organic Se was fed to broilers. Using a model system based on red
blood cell membrane stability Edens [40] confirmed a membrane-stabilizing effect of organic Se. Running stu-
dies in our laboratory about the lipids and protein oxidation and GPx activity in meat from poultry receiving se-
lenium supplementation with inorganic and organic sources could be explain this findings.

4. Conclusion

We studied the effects of selenium supplementation in a finishing broiler diet on the meat quality and animal
parameters. We observed that Se-Met supplementation significantly decreases daily food intake whereas Se-Na
significantly increases liver glycogen and lactate content at 3 minutes post mortem. Se-Met and Se-Na signifi-
cantly increase pHu compared to the control diet. Also Se-Met in diet provoked a darker (lower L") and a redder
(higher a") and a decreased tone (lower H*) in Pectoralis. Se-Met and Se-Na significantly decrease the drip loss
in Pectoralis and Gastrocnemius at 24 hours post mortem. We conclude that selenium supplementation decreas-
es food intake and improves meat quality by improving color and decreasing drip loss, likely by a modulation of
reserve of glycogen in liver. The difference among the organic and inorganic sources is not clear and requires
further investigation.
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