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ABSTRACT

CARVALHO, Bruno Reis, D.Sc., Universidade Federal de Vigcosay,M2017.
Nutritional requirements and bioavailability of different sources of zinrc and
manganese for broilers. Advisor: Horacio Santiago Rostagno. Co-advisers: Luiz
Fernando Teixeira Albino and Melissa Izabel Hannas.

Two experiments were conducted to evaluate the zinc (Zn) amdjamese (Mn)
requirements for broilers from organic and inorganic sssjras well as the relative
bioavailability of these sources. In each trial 510 madbdlCbroilers were used. The
animals were raised according to strain guidelines from 1 to 7 reéagsving 50%
supplementation from the tested mineral in a diet vattuced content of traceminerals.
At 8 days 10 animals were slaughtered to verify the mineral depoat the beginning
of the experiment. The other animals were weighed and rdpdbstributed in plastic
cages in 10 treatments with 10 replicates of 5 animals @aehtreatments consisted of
5 levels of traceminerals tested (0, 19, 38, 57 and 76 mg/kg iofthe first experiment
and 0, 25, 50, 75 and 100 mg/kg of Mn in the second), provided irganio or inorganic
supplement, where the other minerals were supplied to meetghigement. The diets
used were semi purified to reduce the content of tracemirterlme levels. At 13 days,
trays covered with plastic were installed for excreddection. At 16 days in the Zn
experiment and 17 days in the Mn experiment the animalsetsdwere weighed to
determine the final weight, weight gain, feed intake aed te gain ratio. At 17 days in
the Zn experiment and 18 days in the Mn experiment a b&ddh cage were slaughtered
for determination of minerals in the liver. The restdisthe Zn experiment indicate that
the requirement for higher performance is 70 mg Zn/kg of wegin (WG) for inorganic
supplementation, which can be reduced to 63 mg Zn/kg of WG in orgaineral
supplementation. Higher Zn retention was observed whengd&ymf Zn was supplied
in inorganic form or 79 mg/kg of organic Zn. Interactions in & iron retention have
been observed in supply of inorganic Zn as well as irdép®sition of Mn and iron in
the liver when organic sources are provided. The relatovavhilability of the organic
Zn was estimated to be 125% of the inorganic Zn. For Mnretpgirement determined
based on the performance parameters is 166 mg Mn/kg of W8efdvin supply in the
inorganic form and 95mg Mn/kg WG in the organic form. The haghetention of Mn
was obtained with the supply of 68.8 and 84.6 mg/kg of Mn irdi&efor organic and

inorganic sources, with a relative bioavailability estirdaae100%.
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RESUMO

CARVALHO, Bruno Reis, D.Sc., Universidade Federal de Vigosaionde 2017.
Exigéncias Nutricionais e biodisponibilidade de diferentes fontes de zinco e
manganés para frangos de corte Orientador: Horacio Santiago Rostagno.
Coorientadores: Luiz Fernando Teixeira Albino e Meligsdél Hannas.

Dois experimentos foram conduzidos para avaliar a exigé@eckzinco (Zn) e manganés
(Mn) para frangos de corte a partir de fontes organicasrgénicas, bem como sua
biodisponibilidade relativa (BDR). Em cada ensaio 510 frangos e Cobb machos
foram utilizados. Os animais foram criados segundo manual dgdimhde 1 a 7 dias
recebendo 50% de suplementacéo do mineral testado, em taneodiereduzido teor de
microminerais. Aos 8 dias 10 animais foram abatidos parficeera deposicdo mineral
ao inicio do experimento. Os demais animais foram pesatisisibuidos aleatoriamente
em gaiolas plasticas nos 10 tratamentos com 10 repetded@snimais. Os tratamentos
foram constituidos de 5 niveis de suplementacdo dos micnamsinestados (0, 19, 38,
57 e 76 mg/kg de Zn no primeiro experimento e 0, 25, 50, 75 e 100 mg/kg de Mn
segundo), fornecidos em um suplemento organico ou inorgaoime os demais
minerais foram fornecidos em quantidade suficiente panda@tsua exigéncia. As dietas
utilizadas foram semi purificadas para reduzir o teor de mioerais em niveis
minimos. Aos 13 dias bandejas recobertas com lonascptagboram instaladas para
coleta de excretas. Aos 16 (Zn) e aos 17 dias (Mn) ailisiais e racoes foram pesados
para determinacao do peso final, ganho de peso, consumo de cagi@rsao alimentar.
Aos 17 dias no experimento de Zn e aos 18 dias no de Miawarzor gaiola foi abatida
para determinacao de minerais no figado. Os resultados pgrarovento de Zn indicam
gue a exigéncia para maior desempenho € de 70 mg de Zn/kg de ganho para
suplementacao inorganica, podendo ser reduzido para 63 mg de Zngamiie na
suplementacdo com minerais organicos. Foi observada neaémcdo de Zn com 62
mg/kg de Zn inorganico ou 79 mg/kg de Zn organico. Interacbesemgde de Mn e Fe
foram observadas no fornecimento de Zn na formay@moco, bem como na deposicéo
de Mn e Fe no figado quando fontes organicas foram forneé&d28R do Zn organico
foi estimada em 125% do Zn inorganico. Para Mn, a exigéonamebase no desempenho,
pode ser estimada em 166 mg Mn/kg de ganho de peso para o femecae Mn
inorganico e 95 mg Mn/kg de Mn orgéanico. A maior retencdo délMybtida com 68,8

e de 84,6 mg/kg de Mn para as fontes organicas e inorganiods,ssBDR de 100%.
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INTRODUCTION

The application of technologies in livestock production Hésvad in the last
decades the formulation of precise diets, as well @pthcise evaluation of the foods
used and the nutritional requirements of the animals.dékelopment and commercial
application of ingredients processing techniques and ttsbfegproduction of amino
acids and additives have made it possible to obtain exoapterformance resuljts

following the genetic evolution improvement.

In this way, some areas of animal nutrition are constdoging reformulated to
allow maximum weight gain for current genetics, such as@uawgid nutrition and energy
requirements. These factors allowed broilers to changedteonversion rate from 3.84
in 1957 to the recent values of 1.73 (Havenstein et al., 2003)inijiovement, however,
was not accompanied by advances in all segments of nutritich as traceminerals

nutrition.

Whether the vegetal ingredients used in the feed fotimnlaave a high intake of
the mineral withdraw from the soil or the low costtefsupplementation in the diets, few
researches have been carried out with these elerftawgver, soils vary in their content
of traceminerals, and cultivars vary in the uptake of maisdrom the soil. Consequently,
vegetable feedstuffs may contain excess or deficienaycertain mineral depending on
the amount of mineral in the soil, which may imply teduction of animal productivity
(Aletor & Omoradara, 1994).

Zinc deficiency can lead to processes such as alopeciaatiks, retarded growth,
immunodeficiency, nocturnal blindness and diarrhea (Grider, 2048k of copper can
cause abnormal metabolism of bone tissue by alteringpth@afion of the cartilaginous
matrix of the bone, which can also cause rupture ofsyeiardiac hypertrophy, abnormal
mitochondrial structure and reduced levels of ATP. Mangadeficiency also results in
inhibition of osteogenesis, in addition to reduction ofgoaatic insulin. However, the
greatest effect of copper, zinc and manganese deficmrwy's in the overproduction of
free radicals, since the enzymes that control this pradudépend on these minerals
(Stipanuk and Caudill, 2013).

Although they are nutritionally important elements, the keolgé about the

metabolism of the traceminerals in the animal nutritiowd dheir interactions is



insufficient to allow an ideal mineral supplementation wtthexcesses or deficiencies.
Several studies with traceminerals supplementatiobifds that determine the current
requirements in mg / kg of feed (Zinc: Edwards et al., 1959;e_easl, 1966; and
Manganese: Kealy e Sullivan, 1966). These studies were ccapue with low
performance strains than those currently used, orineneded to study the status of these
minerals in specific situations, such BBneria sp. infections, and did not take into
account the interaction between minerals and anti-iurtat factors such as phytate,
suggesting that the levels that we establish as requirerihése traceminerals may be

incorrect or, at least, outdated.

Improved protocols and reduced analytical costs now allow owmrplex work to
be developed, establishing nutritional requirements not onlynfximum growth and
efficiency, but also for optimum enzyme activity, |és® radical production, and even
to define the amount of mineral that improve charactesish final product like meat

quality.

Another point of great importance is the opportunity to uee isources of
traceminerals, which have less interactanntestinal lumen and are absorbed more
effectively. Minerals chelated to organic molecules, opgmorganic minerals, that can
be supplemented in smaller quantity with less environmemtgdact without

compromising the performance.

Thus, the objective of this work was to determine the nomati requirement of
zinc and manganese and to determine the bioavailability gefinar sources of these

minerals.
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CHAPTER 1

NUTRITIONAL REQUIREMENT OF DIFFERENT SOURCES OF ZINC FOR
BROILERS



ABSTRACT

The objective of the current study was to update the nuaiti@quirement of zinc values
for broilers of two sources of zinc. To this, 510 male ICbiwilers from 1 to 17 days-old
were used. The animals were housed (1-7d) following Cobb guidegeiving a corn-
soybean meal diet with low basal trace mineral content(®&g of basal zinc analyzed)
and supplemented with 20 mg/kg of zinc (50% of NRC 1994 recommensgpias
ZnS0O4 to reduce body stores. At 8d;old birds were slaughtered to collect liver
samples to evaluate initial mineral deposition and the r@ntpbirds were weighed and
randomly assigned to 10 treatments with 10 replicates of Saémench. The treatments
consisted of five levels of zinc supplemented (0; 19; 38; 57 anthg/kg) from two
sources (ZnSO4, with Fe, Cu and Mn supplemented in aBatatpand Se as selepite
and Bioplex Zn, with Fe, Cu, Mn and Se supplemented astebeld he animals were
housed in plastic cages with plastic feeders and retdmsmineralized water and feed at
libitum. The experimental diets were semi purified (13mgikdpasal zinc analyzed),
with 30% of corn and contained cellulose, phytic acid and phytasapproach to a
practical diet At 16d-old, the birds and feeds were weighed to evaluatérthl weight
(BW), weight gain (WG), feed intake (FI) and feed conwergi:G). At 17 d-old, one
bird for cage was slaughtered for determination of minenalse liver. The results for
the zinc experiment indicate that the requiremenhiger performance is 70 mg Zn/kg
of WG for inorganic supplementation, which can be reduced to 6Znfigy of WG in
organic mineral supplementation. Higher zinc retentionotserved when 62 mg/kg of
zinc was supplied in inorganic form or 79mg/kg of zinc in organimfdnteractions in
manganese and iron retention have been observed in sdppdyganic zinc as well as
in the deposition of manganese and iron in the liver varganic sources are provided.

RBA of the organic zinc was estimated to be 125% of thegyarc zinc.

Key words: Zinc, requirements, bioavailability, tracemirgrhloilers.



1. Introduction

To reach the maximum potential genetic performance sestittroilers chicks, all
nutrients must be met accurately, being necessary toracktinerals supplements to
the corn-soybean meal diets. Due this reason, nutiiti@epirements must be well
determined and constantly updated and the source of nutushttaken into account.

The nutritional significance of zinc resides in itsezd&l participation in more than
200 metalloenzymes indispensable to animal metabolism (8kiperd Caudill, 2013)
These enzymes play a fundamental role in animal developrbone growth, sexual
maturity, reproduction and especially into the antioxidaférmse system (Grider, 2013)
The loss or malfunction of any of these enzymes csultren greater impact on animal
performance.

The NRC (1994) stats that zinc requirements for broie® mg for each kg of
diet. The value was established based on the studiésraifon and Sarett (1958), O’Dell
et al. (1958) and Roberson and Shaible (1958) using semi puriétsd @ihe Council
reports a performance of 2,088 grs of body weight at 42 aaly3,&17 grs of feed intake,
resulting in a 70 mg of zinc intake feachkilo of weight gain. Recent studies (Rostagno
et al., 2017) report a 42-day weight of 3,218 grs and 5,083 grs imfakd, reaching 63
mg of zinc for kg of weight gain if NRC (1994) requirement waed. These values
represent a 10% reduction in zinc requirement for animiés58% higher performance
and demonstrate a need to update the zinc requirements.

The use of mineral sources boeddo organic molecules has shown effective
results in improving the efficiency of zinc utilizationhi$ kind of source may increase
zinc retention by reducing the amount of this mineral areta (Burrell et al., 2004), thus
having a lower polluting effect on the environment. Due tof#asor, It is estimated that
the requirement of zinc when supplied by organic sources isl®&& comparing to

inorganic sources (Rostagno et al., 2017), but this estimihteestils practical validation.

2. Objective

The aim of this project was to determine zinc requirementsroilers from organic

and inorganic sources, as well as to determine zinc bioaviylditmm organic source.



3. Materials and Methods

The experiment was conducted in the Poultry Farm of Ahemal Science
Department at Universidade Federal de Vigosa from July to August Z0léhe
procedures follow the standards of the National Council of AhiExperimentation
Control- CONCEA and was previously approved by the Ethics Committéeiofal
Production, CEUP- UFV (Register number 111/2014).

3.1 Animak
Five hundred and ten Cobb male chicks were utilized irettperiment. The birds
were housed from the first to seventh day of age in brsoftdlowing the strain
guidelines recommendations. A corn-soybean meal diet wasifated (Table 1) to meet
or exceed the nutritional requirements for this agesi@&mo et al., 2011) except for the

trace mineral content.

Table 1. Proximate and calculated/analyzed compositidmedastart diet used in the period of 1 to

7 d of age.
Ingredients % Nutrient Calculated values

Corn 53.335 Metabolizable energy (kcal/kg) 3135
Soybean Meal (45%) 30.000 Crude protein (%) 22.41
Corn Gluten (60%) 6.880  Calcium (%) 0.828
Soybean oil 3.700  Phytic phosphorus 0.247
Starch 1.585  Available phosphorus (%) 0.391
Potassium phosphate 0.955  Sodium (%) 0.223
Calcium carbonate 1.700  Chloride (%) 0.272
Sodium Chloride 0.530 Potassium (%) 0.987
Vitamins supplemerit 0.150 Magnesium (%) 0.185
Lysine HCI (79%) 0.303  Copper (mg/kg) 15

Methionine (99%) 0.197  Iron (mg/kg) 217

Threonine (98%) 0.016 Manganese (mg/kg) 73

L-Arginine (98.5%) 0.006  Zinc (mg/kg) 47

Colin Chloride (60%) 0.375  Selenium (mg/kg) 0.48
Coccidiostatic 0.055  Lysine (%) 1.174
Avilamicin 0.003  Methionine + Cysteine (%) 0.846
BHT 0.010  Threonine (%) 0.763
Mineral Supplemerit 0.100 EN:TN Ratio 49.51

Electrolytic Balance 273
A Vitamin supplement containing per kg of ration: Wt 9,750 IU; Vit. D3- 2,470 IU; Vit. E- 36.6 IU; Vit. B1—-
2.60 mg; Vit. B2- 6.50 mg; Vit. B6- 3.64 mg; Vit. B12- 0.015 mg; Pantotenic acid13.0 g; Biotin— 0.091 mg;
Vit. K3 — 1.95 mg; Folic acid- 0.91 mg; Nicotinic acid- 39.0 mg.

B The mineral supplement was added following NRC (1994) reemdations for traceminerals, except forczin
(50% of NRC recommendations) (Table 2).

The trace minerals amount in this diet was calculat@deiet 100% of NRC (1994)

requirements, except for zinc supplemented in 50% of NRC (Iegdjrement (Table



2). At 8d-old, 500 animals with 169,6+1,6¢ initial body were weighed and randomly
distributed in 10 treatments and 10 replications with 5 asipat pen. Each pen was
considered as an experimental unit. Extra ten animals sl@ughtered to collect liver
samples in a pool to evaluate initial trace mineral catnagons.
Table 2. Calculated and analyzed values for Basal aietssupplements used in Zn trial.

Zn Fe Mn Cu

SAMPLE n (mg/kg) (mg/kg) (ma/kg) (ma/kg)
Calc Anal Calc Anal Calc Anal Calc Anal

Prestart basal diet 5 27 33 137 179 13 14 7 6
Prestart supplemeft 5 20 26 80 86 60 60 8 7
Prestart diet (+supplement) 9 47 50 217 269 73 71 15 14
Experimental basal diet 24 13 12 27 30 7 4 2 3

Inorganic suppl. (0%Zr) 5 0 05 860 76 60 72 12 12
Inorganic suppl. (100% Zr?) 5 76 84 80 79 60 66 12 12
Organic suppl. (0% ZrH 5 0 08 8 71 60 67 12 12
Organic suppl.(100% Zr) 5 76 8 8 80 60 71 12 12

A Inclusion 1kg/ton
B Inclusion 2kg/ton

3.2 Diets

A semi purified basal diet was formulated based on casdiimin, isolated
soybean protein and corn, starch and dextrose (Tablex®dbor exceed Rostagno et al.
(2011) recommendations for initial phase. The diet wamutated to obtain minimum
amounts of trace minerals. Mineral supplements (Table ¥ agded to the diet with O
or 76 mg/kg of zinc in an organic (Bioplex TM) or inorganiclffate) sources. These
diets were mixed in proportions to reach 5 different legétbe tested mineral from both

sources.

3.3 Treatments

The experimental treatments (Table 4) consists indéldenf zinc and two different
sources, an organic (Bioplex TM) and an inorganic (Stdghsource. The zinc levels
were calculated using levels up and below the NRC (1994) recoaatieemfor zinc. The
other minerals (copper, iron, manganese, selenium ance)odiere kept in the recent

recommendations as suggested by the NRC (1994).

3.4 Housing

The weighted birds were transferred to an experimental roorarsed in 0.35 x
0.50 m plastic cages equipped with nipple type drinkers andatuplastic feeders to
provide water and feedd libitum. The water provided to the animals during the

experimental period was demineralized to ensure any externghnsmation. The

8



temperature was maintained constant by heat lamps and swata@ording to the range

of thermal comfort for this age measured by dataloggerledta the room.

3.5 Parameters Evaluated

During 9 days of experimental period, the performance parasnetaluated was
average final body weight, average weight gain, averagge iféake, feede-gain ratio,
and mortality. At 13 d-old (5 days of trial) trays cowkneith plastic sheeting was
installed to allow total excreta collection to evalu#ite trace mineral balance. The
mineral retention was calculated by the difference betwee intake and the excretion
of each mineral and the mineral apparent absorption weslatad using Ammerman
(1995) equations. The collections were performed over 4 cotige days until the end
of experimental period. Excretas were frozen and hompeerifter each collection and

an aliquot was taken and dried for further analyses.

Table 3. Proximate and nutritional composition of semi purifiets used in experimental period
(8-16 days).

Ingredient % Nutrient CalculatedComposition

Corn 30.00 Met. energy (kcal/kg) 3128
Casein 4.00 Crude protein (%) 22.58
Albumin 12.00 Calcium (%) 0.850
Isolated Soy Protein 4.00 Phytic phosphorus 0.161
Starch 13.00 Available R%) 0.400
Dextrose 13.30 Sodium (%) 0.372
Broken Rice 8.00 Chloride (%) 0.485
Soybean oil 2.00 Potassium (%) 0.885
Cellulose 4.00 Magnesium (%) 0.126
Calcium Bicarbonate 1.695 Copper (mg/kg) 11

Potassium Phosphate 1.485 Iron (mg/kg) 110

Magnesium Chloride 0.650 Manganese (mg/kg) 64

Potassium Chloride 0.468 Zinc (mg/kg 12-88
Amino acids supplement 0.030 Selenium (mg/kg) 0.52
Mineral Supplemertt 0.200 Lysine (%) 1.254
Vitamin Supplement 0.150 Met + Cys(%) 0.913
Sodium Phytate 1.020 Threonine (%) 0.831
Phytase 0.010 EN:TN Ratio 50.07
Other ingredient8 0.620 Electrolytic Balance 251

A Amino acids: Lysine HCL (79%) 0.030; L-Arginine (98.5%) - 0.275; L-Glycine (98.5%) - 0.400;nkt& (99%)
- 0.850; Glutamic acid (100%) - 2.000Added according each experimental treatment (Tgble 4

€ Vitamin supplement containing per kg of ration: Wit— 9,750 IU; Vit. D3- 2,470 IU; Vit. E- 36.6 IU; Vit. B1
— 2.60 mg; Vit. B2- 6.50 mg; Vit. B6- 3.64 mg; Vit. B12- 0.015 mg; Pantotenic acid13.0 g; Biotin—- 0.091 mg;
Vit. K3 — 1.95 mg; Folic acid 0.91 mg; Nicotinic acid- 39.0 mg.

P Colin Chloride (60%) - 0.375; Coccidiostatic - 0.055; Awilain - 0.010; Antioxidant (BHT) - 0.030



At 16 d-old, the animals and feeds were weighed to caicalarage final body
weight, average weight gain, average feed intake andtéegalin ratio. At 17 d-old, one
animal per cage was selected. These animals were slaugbyeredical dislocation for

samples collection to evaluate the concentratiorach enineral in the tissues.

Table 4. Calculated and Analyzed values of trace mineratedosemi purified diet in
mg/kg.

Mineral

Source Zn n Zn (mg/kg) Fe (mg/kg) Mn (mg/kg) Cu (mg/kg)
Lvi Calcul. Analy. Calcul. Analy. Calcul. Analy. Calcul. Analy.

1 2 1 2 1 2 1 2

0 10 12 15 110 156 64 64 11 10

Inorgani 19 10 31 34 110 159 64 66 11 10

o 38 10 50 48 110 153 64 67 11 10

57 10 69 66 110 146 64 62 11 10

76 10 88 72 110 165 64 59 11 10

0 10 12 15 110 102 64 102 11 12

19 10 31 33 110 102 64 99 11 12

Organic 38 10 50 53 110 102 64 101 11 12

57 10 69 72 110 106 64 100 11 12

76 10 88 85 110 100 64 95 11 12

1Total Calculated values (Basal diet + Supplement)
2Analyszed in 5 samples with replicate.

3.6 Mineral Concentration Analysis

Liver samples were lyophilized and ground in a mill to be andlyase diets and
excreta, following the method 935.13 (AOAC, 2000). An aliqudl.6§ of diets, tissues
and excreta samples were weighed on the analytical leaamt added 5ml of 4:1
nitroperchloric acid solution (4 parts of nitric acid and 1t drperchloric acid). The
samples were taken at 200°C in the digester block andetiidue was filtrated on
guantitative paper (3.um porg and completed for 50ml with distillate water. This
solution was read in atomic absorption spectrophotomee€(AvantaX) to obtain the
mineral levels. The phosphorus analysis was performed lopthemetric method (Fiske
& Subbarow, 1925). The proximate analyses were performed iArtimeal Nutrition

Laboratory of the Animal Science Department at the Univellsidigederal de Vigosa.

3.7 Statistical Analysis

Data were analyzed using the Statistical Analyses Systegngomne- SAS 9.4. An
ANOVA test was performed using GLM procedure considering a Nesteijbwith
levels inside the different sources and the pens asxgrerimental unit. The regression
equations were estimate using the orthogonal contraftRO®C REG procedure. For the

mineral requirements, only linear and quadratic responsesomaglered for the model
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if statistical significance was observed (P<0.05). To maindeposition in tissues, a
Dunnett test is also performed to compare the resultsimital mineral values in th
beginning of the experiment, using the GLM procedure. The regemts values for

organic and inorganic sources was compared for the bioavidylaatermination.

The estimates of the requirements for each paranvetee obtained by the

following model:
Yig = p+Aj+ B(A)j + &g
Where:

Yikj = observatiork in leveli of factor Source and levgbf factor Mineral Level;

k= overall mean of the experiment;
Aj = effect of leveli of factor Source;
B(A)ij = effect of levelj of factor Mineral Level within levell of factor Source;

eikj = random error associated with each observation.

11



4 Results and discussion

4.1 Performance Results

The requirement of a nutritional element can be destrdsethe amount of this
element that can be absorbed, transported and be ahlepty all metabolic pathways
without any depletive effects (Baker and Ammerman, 1995). Toadity, the main
parameter used to determine requirement is performance (Anamef®95), assuming
all basal needs are met when the animal have a ngnmath. Due the importance of
traceminerals as enzymatic cofactors, in some conditioe requirement to performance
can be reached, but the animal can still improve enzymeeeitic with a higher mineral

level, showing the need of an ample evaluation to dedigeirement (Huang et al., 2007).

The performance results are presented in table 5. Theasing zinc levels had a
linear and quadratic (P<0.05) effect in both sources to bodymvéBW) and weight gain
(WG) of the broilers chicks receiving the experimentatsdfeom 8 to 16-d of age. To
feed intake (FI), a linear and quadratic effect were obsg@?<0.05) in inorganic source,
but only a quadratic effect was significant for organic seutmear and quadratic effects
were also observed to feed to gain ratio (F:G) (P<0.05)dwganic source, and the effect
was linear to organic source. There is no significant miyr@hd due this the data was

not presented. The regressions equations are preseraatein t

These results suggest that the requirement of zinc tovadhigher BW and WG is
50 mg/kg of inorganic zinc and 46 mg/kg of zinc in diet in organiccgourhe higher FI
had been met with 50mg/kg and 38 mg/kg of zinc in inorganic and organice,
respectively. To lower values of F:G, 70 mg/kg of zinc in an inuegrm is required

and the ratio can be improved using values greater than 76 ofgdkganic zinc.

Zinc requirement may vary in a wide range depending entgbe, but in general
requirements are determined being based on purified diets (10.6 tog&#G, Emmert
and Baker, 1995; 18 mg/kg to BW, Dewar and Downie, 1984), semi purified(8&ts
mg/kg to WG, Wedekind and Baker, 1990; 27 mg/kg to WG, Batal et al., 200tg/kg
to WG, Steinruck and Kirchgessner, 2003) or practical diedts t(84 mg/kg to WG,
Huang et al., 2007; 68 mg/kg to WG, Bao et al., 2009, 62 mg/kg to Zn inXib@gong
Liao et al., 2013; 100 mg/kg to footpad integrity, Vieira et al., 20Ii8¢. use of semi
purified diets with cellulose and sodium phytate may hay@oved the requirements

values to performance comparing other semi purified die¢srelses.
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Table 5. Performance? of broiler chickens fed diets wiferént levels of zinc from organic or inorganic sowé®m 8 to 16 days old.

Zinc Level P-Value (Nested Effect)
Parameter  Source Mean MSE C.V. (%) _ _
0 19 38 57 76 Linear Quadratic
Inorganic 452 485 487 490 482 489 1161 0 4 <.0001 <.0001
BW2 Organic 459 494 474 480 479 477 ' ' 0.0199 0.0013
Mean 455 490 480 485 481
Inorganic 282 312 317 321 316 309 10.97 356 <.0001 <.0001
WGS3 Organic 289 325 304 310 310 308 ' ' 0.0144 0.0006
Mean 286 319 311 316 313
Inorganic 412 440 445 445 442 437 <.0001 0.0001
] 14.46 3.32
FI4 Organic 422 452 428 434 428 433 0.6996 0.0156
Mean 417 446 437 439 435
Inorganic 1.461 1.410 1405 1.388 1.416 1.416 0.0015 0.0075
F:G ] 0.045 3.16
Organic 1460 1.393 1409 1.397 1.383 1.408 0.0011 0.1485
Mean 1.460 1.402 1.407 1.393 1.400

1Due only two animals died during the experiment, mortaligg@nted low variability with no statistical difference avab disregarded.
2BW (Body Weight, g); 3WG (Weight Gain, ¢F| (Feed Intake, gfF:G (Feedo-gain ratio, g/g)°C.V. (Coefficient of Variation, %).



Table 6. Regression equations to performance parameters.

Parameter Source Contrast Regression Equations OLp;:/rE?I P-Value R2
Inorganic Linear Y=0.3341x+466.13 >76.00 <0.0001 0.4407
BW1 Quadratic Y=-0.016% +1.5866x+454.33 49.58 <0.0001 0.9294
(9) Organic Linear Y=0.1458x+471.65 >76.00 0.0199 0.1065
Quadratic Y=-0.009x2+0.8306+465.14 46.14 0.0013 0.3446
Inorganic Linear Y=0.3625x + 295.13 >76.00 <.0001 0.5970
WG2 Quadratic Y=-0.0157% + 1.555x + 283.79 49.52 <.0001 0.9595
(9) Organic Linear Y=0.1438x + 302.08 >76.00 0.0144 0.1083
Quadratic Y=-0.0091% + 0.8343x + 295.52 46.14 0.0006 0.3231
Fps Inorganic Linear Y=0.3463x + 423.73 >76.00 <.0001 0.5370
Quadratic Y=-0.0136% + 1.3798x + 413.91 50.73 <.0001 0.9445
© Organic Quadratic Y=-0.0085x2+0.6389x+425.50 37.58 0.0156 0.2432
FG Inorganic Linear Y=-0.0005x + 1.4384 >76.00 0.0017 0.6122
(g' 9) Quadratic Y=0.00002- 0.0028x + 1.4592 70.00 0.0075 0.9363
Organic Linear Y=-0.000727x+1.4347 >76.00 0.0011 0.4229

1IBW (Body Weight, g); 2 WG (Weight Gain, g); 3 FI (Fdethke, g);*F:G (Feedo-gain ratio, g/g)



The zinc values found to BW and WG give a maximum WG of 322 and@has
for inorganic and organic sources. Using this zinc valuéd eguations, the amount of
diet used to reach these WG are 449 grams of feed to inoegah#&37 grams to organic
sources. So, the requirement expressed in mg of zinc td ggim to inorganic and

organic sources are 70 and 63 mg/kg WG.

The NRC (1994) recommendation for zinc is 40 mg for kg of different of 50
and 46 mg/ kg of diet presented in this study. But the NRC reqgeirecalculated based
on mg of zinc to kilo of weight gain is the same to the ltesaund inorganic source,
whereas organic source is almost 10% less required. Howleese, results take on count

only the supplemented zinc, disregard the absorptionchf &aurce by the animal.

Graphic 1. Weight gain and feed to gain ratio of broiler l@ms fed diets with
increasing levels of zinc from organic or inorganic sesritom 8 to 16 days old.
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4.2 Mineral Balance Results

The results for zinc balance are shown in table 17e&sing zinc levels improved
significantly (P<0.05) the zinc intake in animals receivingamic and inorganic trace
minerals supplements, with ascending linear and quadraticnespén ascending linear
response was also observed in zinc excretion when thealanieteive one of these
sources. The difference between the zinc intake and @&xcneas considered the zinc
retention and was higher when the zinc levels are raisgld, significant linear and
guadratic responses. Zinc apparent absorption was calcatategdercentage of retained
zinc of the zinc consumed (Ammerman and Baker, 1995) anmh¢hease in zinc levels
had a linear effect in this parameter, to inorganic and argaource. The significant

regression equations for each parameter in each sourte abserved in table 8.

Graphic 2. Zinc retentioim broiler chickens fed diets with ascending levels of ziamfr

organic or inorganic sources from 8 to 16 days old.
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Table 7. Zinc Balance in broiler chickens fed with dgipplemented with different levels of zinc from orgamiorganic sources.

Zinc Level C.V. P-Value (Nested Effect)
Parameter Source 0 19 38 57 76 Mean MSE (%) Linear Quadratic
Inorganic 059 137 199 269 292 1.91 <.0001 <.0001
Zn Intake Organic 059 132 217 293 339 208 o % oo <.0001
(mg/kg/bird/day) g ' ' ' ' ' ' ' '
Mean 0.59 1.34 208 2381 3.15
Inorganic 032 074 106 179 193 1.17 <.0001 0.3935
ZnExeretion o oL 009 o072 124 176 224 125 0 P oo 0.5919
(mg/kg/bird/day) g ' ' ' ' ' ' ' '
Mean 0.31 0.73 1.15 1.78 2.09
Inorganic 0.26 062 093 090 0.99 0.74 0.18 9393 <.0001 0.0001
Zn Retention . : :
(mg/kg/bird/day) Organic 0.30 0.59 0.93 1.16 1.14 0.83 <.0001 0.0009
Mean 0.28 0.61 0.93 1.03 1.07
Inorganic 45% 46% 47% 34% 34% 41% <.0001 0.1026
Zn Apparent 7.27 17.44
Absorption Organic 50% 45% 43% 40% 34% 42% <.0001 0.8170
)
(%) Mean 48% 45% 45% 37% 34%
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Table 8. Regression equations to zinc balance parameters.

Parameter Source Contrast Regression Equations Optimal Level P-Value R2
Inorganic  Linear Y=0.0315x+0.7123 >76.00 <0.0001 0.9747
Zn Intake Quadratic Y=0.0002% +0.0471x+0.5654 117.75 <0.0001 0.9950
(mg/kg/bird/day) Organic Linear Y=0.038x+0.6352 >76.00 <0.0001 0.9912
Quadratic Y=0.00013x2+0.0475x+0.544 182.69 <0.0001 0.9966
Zn Excretion Inorganic  Linear Y=0.022x + 0.3181 >76.00 <0.0001 0.9691
(mg/kg/bird/day) Organic Linear Y=0.026x+0.2634 >76.00 <0.0001 0.9993
Inorganic  Linear Y=0.0091x + 0.3948 >76.00 <.0001 0.8205
Zn Retention Quadratic Y=0.00018% + 0.0222x + 0.2704 61.67 0.0001 0.9704
(mg/kg/bird/day) Organic Linear Y=0.0119x+0.3718 >76.00 <.0001 0.9149
Quadratic Y=0.000146x2+0.023x+0.2661 78.77 0.0009 0.9837
Zn Apparent Absorption Inorganic  Linear Y=0.182x + 47.82 >76.00 <.0001 0.9695
(%) Organic Linear Y=0.2035x+49.95 >76.00 <.0001 0.6613
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Considering that the retained zinc was the portion of the that was truly
absorbed, the amount of zinc that promote the highesiticetas 62 mg/kg to inorganic
source and 79 mg/kg when organic source is supplemented, codiegpmspectively
to 0.955 and 1.172 mg/kg/bird/day of retained zinc. Using the 0.955 mg/kg/bird/day as
standard in the equation of organic zinc retention, theuatraf organic zinc required to
retain this same 0.955 mg/kg is 40 mg/kg of zinc in the diet,2nMi5%) less than the

amount of zinc to reach the same retention by inorganice (62 mg/kg).

This difference can be explained by the absorption psocégach source. The
inorganic source of zinc (zinc sulphate;>2@y) is disassociate in gastric pH and zinc
goes to the gut as Znand will be transported to the enterocyte by DMT1, ZIP and Zn
family transportergGunshin et al., 1997 When plasmatic concentration of zinc is
enough to reach all the metabolic needs, thé" Zn cytosol will be bound to
metallothionein and zincosomes to be disposed by gut desquang&tipanuk and
Caudill, 2013) and the number of zinc transporters will be esdiElenriques et al.,
2003). However, this regulation system will be activated imihe presence of Zh
When zinc is supplied in chelated organic sources (as patdsi) the absorption is
guaranteed by peptides and amino acid transporters in brudar kemd basolateral
membrane, not been able to activate the regulatory mechanithe gut (Ashmead,
2012) and can be readily complexed in enzyme molecules (Ashrh892).

The down regulation on zinc absorption in fact can atieetmetabolism of other
minerals. Divalent Metal Transporter 1 (DMT1) was initialadsed as F& transporter
in brush border, can also transp8?*, C#*, Mn?*, Ni#* e Zn** (Gunshin et al., 1997),
though is regulated by iron in cytosol. ZnT10, a self-raepad zinc transporter of ZnT
family attached to basolateral membrane, was describe bSili2a et al. (2016) as a
manganese transporter. Metallothionein is an intrdeeliinc binder regulated by zinc
concentration, can also link to copper and disable itzatiitin (Leone et at., 1985). These
physiological processes may cause interactions in miraabrption and can be
responsible to tracemineral antagonisms. Due this factganase, iron and copper
balance was also evaluated and are presented in tablesafd113. The significant
regressions equations are presented in tables 10, 12 and 14.

To manganese balance parameters, the increasing zins leasl significant
(P<0.05) quadratic effects in manganese intake for inorgamcorganic sources and

manganese excretion to organic source. A decrease in maagatention and balance
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was observed when the animals receive the inorganic ssuppéement with increasing
zinc levels and a linear and quadratic effect was observed.

The iron balance parameter results can be observatlen11. To iron intake, the
increased zinc levels had a significant (P<0.05) linear teftemorganic source and a
guadratic effect to organic source. A quadratic effect to inocgsource and a linear
effect to organic source was also observed (P<0.05) toexoretion. A linear and
guadratic effect can be observed (P<0.05) in iron retemtlzen inorganic sources of
trace minerals were supplemented with increasing zinclsleva iron apparent
absorption, quadratic effect in inorganic source and lie#fact in organic source were
significant (P<0.05). The regression equation to thesecdatde observed in table 12.

In tables 13 and 14 are presented the results of coppecdglarameters and the
regression equations to copper balance in organic and inorgeate mineral
supplementations with increasing zinc levels. The suppincreasing zinc levels in
inorganic and organic sources had no significant effecD.(®¥ on copper intake,
retention or balance. The copper excretion increase &hanals receive higher levels

of zinc in organic source, with significantly (P<0.05) linaad quadratic responses.
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Table 9. Manganese Balance in broiler chickens fed vigtts dupplemented with different levels of zinc frorgamic or inorganic sources.

Zinc Level C.V. P-Value (Nested Effect)
Parameter Source Mean MSE
0 19 38 57 76 (%) Linear Quadratic
Inorganic 250 265 278 253 239 2.57 0.0590 <.0001
Mn Intake _ 0.17 5.39
Organic 399 395 414 407 3.78 3.99 0.0985 0.0008
(mg/kg/bird/day)
Mean 324 330 346 330 3.09
Inorganic 199 216 206 227 215 2.13 0.0773 0.3195
Mn Excretion . 0.24 9.43
Organic 288 3.15 3.05 3.07 291 3.01 0.9573 0.0137
(mg/kg/bird/day)
Mean 243 265 256 267 253
Inorganic 051 049 072 026 0.24 0.44 0.0077 0.0475
Mn Retention . 0.28 40.27
Organic 1.11 080 1.09 1.00 0.87 0.97 0.3358 0.9764
(mg/kg/bird/day)
Mean 081 065 090 0.63 0.56
Inorganic 20% 18% 26% 10% 10% 17% 0.0004 0.0470
Mn Balance _ 8.11 39.48
%) Organic 28% 20% 26% 25% 23% 24% 0.5147 0.6101
0
Mean 24% 19% 26% 17% 17%
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Table 10. Regression equations to manganese balance pasamete

Parameter Source Contrast Regression Equations Optimal Level P-Value R2
Mn Intake Inorganic Quadratic Y=-0.0002%+0.0471x+0.5654 117.75 <0.0001 0.8656
(mg/kg/bird/day)  Organic Quadratic Y=-0.000144x2+0.0094x+3.9405 32.64 0.0008 0.6505
Mn Excretion _ .
(ma/kglbird/day) Organic Quadratic Y=0.0001427x2+0.0108x+2.9104 37.75 0.0137 0.9882
Mn Retention Inorganic Linear Y=-0.0041x + 0.598 >76.00 0.0077 0.3750
(mg/kg/bird/day) Quadratic Y=0.00013% + 0.0061x + 0.5011 23.46 0.0475 0.5900
Mn Apparent Inorganic Linear Y=-0.1570x + 22.80 >76.00 0.0004 0.4153
Absorption (%) Quadratic Y=0.00382% + 0.1334x + 20.045 17.46 0.0470 0.5666
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Table 11. Iron Balance in broiler chickens fed with diefgpéemented with different levels of zinc from organicrmrganic source

Zinc Level C.V. P-Value (Nested Effect)
Parameter Source 0 19 38 57 76 Mean MSE (%) Linear Quadratic
N Inorganic 6.09 6.40 6.35 595 6.68 6.29 0.30 5 69 0.0130 0.1634
. i : 4.07 4.1 4.31 . 4.11 44 .02
(mg/kg/bird/day) Organic 3.99 0 8 3 3.98 0.4490 0.0288
Mean 504 523 526 513 533
e Everetion Inorganic 369 400 390 396 355 3.82 0.35 11.77 0.3534 0.0002
(mg/kg/birdiday) Organic 191 209 221 228 220 2.14 0.0337 0.1773
Mean 280 3.05 305 312 287
e Retention Inorganic 240 239 245 200 314 2.47 0.41 18.63 0.0108 0.0005
(mg/kg/birdiday) Organic 208 197 197 204 179 1.97 0.2013 0.6707
Mean 224 218 221 202 246
I 0 0 0 0 0 0
Fe Apparent Inorganic 39% 37% 39% 34% 47% 39% 6.94 15.96 0.1252 0.0032
Absorption Organic 52% 49% 47% 47% 45% 48% 0.0230 0.6215
)
(%) Mean 46% 43% 43% 40% 46%
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Table 12. Regression equations to iron balance parameters.

Parameter Source Contrast Regression Equations Optimal Level P-Value R2
Fe Intake Inorganic  Linear Y=0.0039x+6.143 >76.00 0.0130  0.1648
(mg/kg/bird/day) Organic Quadratic Y=-0.00015%2+0.013x+3.950 43.33 0.0288 0.6744
Fe Excretion Inorganic  Quadratic Y=-0.000254x% + 0.0176x + 3.700 34.65 0.0002  0.8588
(mg/kg/bird/day) Organic Linear Y=0.00398x+1.985 >76.00 0.0337 0.7102
Fe Retention Inorganic Linear Y=0.00567x + 2.259 >76.00 0.0108 0.1744
(mg/kg/bird/day) Quadratic Y=0.000351% -0.021x + 2.512 29.91 0.0005 0.5103
Fe Apparent Absorption  Inorganic Quadratic Y=0.00493% - 0.318x + 40.486 32.25 0.0032 0.5893
(%) Organic Linear Y=-0.0845x+51.087 >76.00 0.0230 0.9143
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Table 13 Copper Balance in broiler chickens fed with diets suppteatewith different levels of zinc from organic or inorgasourcs.

Zinc Level

C.V. P-Value (Nested Effect)

Parameter Source 0 19 38 57 76 Mean  MSE (%) Linear Quadratic
Inorganic  0.390 0.402 0.415 0.408 0.405 0.404 0.1699 0.0544
) Organic  0.470 0.479 0.491 0.488 0.478 0.481 0.2606 0.0859
(mg/kg/bird/day)
Mean 0.430 0.440 0.453 0.448 0.441
Inorganic  0.258 0.293 0.274 0.295 0.279 0.280 0.0752 0.0834
Cu Excretion . 0.029 9.38
: Organic  0.315 0.353 0.354 0.363 0.356 0.348 0.0033 0.0193
(mg/kg/bird/day)
Mean 0.287 0.323 0.314 0.329 0.318
Inorganic  0.132 0.110 0.140 0.112 0.126 0.124 0.7352 0.7031
Cu Retention . 0.035 27.57
. Organic  0.155 0.126 0.137 0.126 0.122 0.133 0.0988 0.5205
(mg/kg/bird/day)
Mean 0.143 0.118 0.139 0.119 0.124
Inorganic 34% 27% 34% 28% 31% 31% 0.4330 0.3693
Cu Apparent 7.19 24.76
Absorption Organic 33% 26% 28% 26% 26% 28% 0.0339 0.2497
)
(%) Mean 33% 27% 31% 27% 28%
Table 14. Regression equations to copper balance parameters.
Parameter Source Contrast Regression Equations Optimal Level P-Value R2
Cu Excretion Organic Linear Y=0.000467x+0.33 >76.00 0.0033 0.5883
(mg/kg/bird/day) Quadratic Y=-0.000016x2+0.0017x+0.3181 53.13 0.0193 0.9221
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The difference in feed intake observed in performance npteas due the
improvement of weight gain can be also observed in masgaarel iron intake to organic
and inorganic supplementation. In manganese balance farioiggplementation, the
guadratic variation in feed intake with higher level on 3k of zinc was followed by
a quadratic variation on manganese excretion (higher dev88mg/kg of zinc), and the
retention was keep constant. The supplementation of inergaurces of traceminerals
by increasing levels of zinc did not affect manganese=éra, but had a quadratic effect
in manganese retention and apparent absorption. At lous lefginc 23 and 17 mg/kg
the manganese retention was 0.5¥%$day and 21% of apparent absorption. At the level
of higher inorganic zinc retention (62 mg/kg), the mangaretsation was 0.38Mg/day
and apparent absorption fall to.6%. In synthesis, 2.7-fold increase in zinc levels reduce
35% the manganese retention (or 1/-0.13).

The opposite pattern was observed to iron retention. Higllees to iron retention
and apparent absorption can be reach by supplying 30 and 32 mg/kg oézpectively,
and it correspond to 2.20 mg/day of iron retention and 35k fapparent absorption.
When 62 mg/kg of zinc is supplied, this value up to 2.60 mg/day and 4086afpéon,
an increase of 18% of iron retention and 14% on iron gbsarwhen zinc is increase
twice (1/+0.09).

Surprisingly, a quadratic effect on copper excretion wasrebdenhen organic
sources of traceminerals was utilized with increasing $evetinc. The supplementation
of 53 mg/kg of zinc had the higher copper excretion of 0.363 mgddyhis level fall
to 0.362 mg/day when 62 mg/kg was supplied. This reduction correspon@8% it
copper excretion when zinc level was increased 17% abovey4® 1(1/-0.016), but did
not have any effect on copper retention and absorption.

Traceminerals, beyond the self-interactions, are sutgenteractions with macro
minerals. The excess of calcium and phosphorus couldllieilsed in the stomach by
low pH and this precipitate may form absorbable complex wriace minerals in
duodenum, improving the mineral losses (Li et al., 2004). Bakirconsideration the
role of trace mineral in several enzymes related to bometh, an evaluation of calcium
and phosphorus balance when organic and inorganic source aenseipeld is required
and can be observed in tables 15 and 17, with significamfitgssion equation presented
in tables 16 and 18.
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Table 15. Calcium Balance in broiler chickens fed wigtsisupplemented with different levels of zinc from organimorganic sources.

Zinc Level C.V. P-Value (Nested Effect)
Parameter Source 0 19 38 57 76 Mean  MSE (%) Linear Quadratic
Inorganic 252.43 254.20 264.62 258.90 255.14 284.80 0.4666 0.1008
. Organic  249.70 251.22 262.04 260.35 246.56 283.44 0.8342 0.0092
(mg/kg/bird/day)
Mean 251.07 252.71 263.33 259.63 250.85
Inorganic 63.29 64.29 60.65 65.60 61.95 84.56 0.8499 0.9925
Ca Excretion . 0.008 14.67
: Organic  57.43 59.91 5852 59.71 58.21 80.28 0.8937 0.5727
(mg/kg/bird/day)
Mean 60.36 62.10 59.59 62.66 60.08
Inorganic 189.14 189.92 203.97 193.30 193.19 200.24 0.4619 0.1568
Ca Retention . 0.015 6.02
. Organic  192.28 191.30 203.51 200.64 188.35 203.16 0.9082 0.0475
(mg/kg/bird/day)
Mean 190.71 190.61 203.74 196.97 190.77
Inorganic 75% 75% 77% 75% 76% 75% 0.6966 0.6003
Ca Apparent 3.59 4.72
Absorption Organic 77% 76% 78% 77% 76% 7% 0.9407 0.7290
)
(%) Mean 6% 75% T77% T76% 76%
Table 16. Regression equations to calcium balance parameters.
Parameter Source Contrast Regression Equations Optimal Level P-Value R2
Ca Intake Organic Quadratic Y=-0.00853% + 0.6633x + 247.244 38.88 0.0092 0.7167
Ca Retention Organic Quadratic y=-0.00737% + 0.5688x + 189.499 38.59 0.0475 0.6009
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Table 17 Phosphorus Balance in broiler chickens fed with diets supgtted with different levels of zinc from organidrarganic sources.

Zinc Level C.V. P-Value (Nested Effect)
Parameter Source 0 19 38 57 76 Mean  MSE (%) Linear Quadratic
Inorganic 273.89 287.99 292.00 289.48 280.66 257.06 0.4006 0.0115
P Intake . 0.001 541
(mg/kg/bird/day) Organic  276.71 289.10 283.74 288.83 278.82 253.97 0.8459 0.0451
9g Y} Mean 275.30 288.54 287.87 289.15 279.74
. Inorganic  80.03 87.03 81.34 90.54 83.84 63.15 0.2734 0.4397
(mP/EX/%rif;'/i’;;) Organic 7532 81.66 84.42 8038 79.63 5876 0001 1323 47835 02474
9g Y Mean ~77.68 84.34 82.88 8546 8l.74
: Inorganic 193.85 200.96 210.65 198.94 196.81 193.90 0.8693 0.4860
(mP/Ee/Leir”c:'/gg) Organic  201.39 207.44 199.31 208.45 199.20 19522 0002 90l o563 (4g74
9g Y/ Mean 197.62 204.20 204.98 203.70 198.00
Inorganic 71% 70% 72% 69% 70% 70% 0.4952 0.8351
A;S ﬁf‘igﬁgj) Organic  73% 72% 70% 72% 71% 720% 900 904 45946 03550
P ° Mean 2% 71% 71% 70% 71%
Table 18. Regression equations to phosphorus balance parameters
Parameter Source Contrast Regression Equations OLp;:/erll P-Value R2
P Intake Inorganic Quadratic Y=-0.0104% + 0.8667x + 274.31 41.79 0.0227 0.8656
Organic Quadratic Y=-0.00679%x2+0.5371x +277.74 39.55 0.1265 0.6716
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The increasing of zinc levels of the diet didn’t affect significantly (P<0.05) the
calcium excretion or balance presented in table 15, Quadratic effect can be observed
in calcium intake and retention when organic sourceawetminerals was supplied by
increasing levels of zinc and regressions equations foiuoalbalance parameters are
shown in table 16.

There was no significant effect (P<0.05) to phosphorus eaoretetention or
balance either (table 17). To phosphorus intake, a quadféit ean be observed
supplying inorganic or organic sources of trace minerals witeasing zinc levels and
regressions equations for phosphorus intake are presemédydieiri 8.

The difference in mineral intake can be related oncenaipathe performance
results. However, the quadratic effect in calcium intafl@rganic source of traceminerals
was followed by a quadratic effect on calcium retentioth higher intake and retention
at 39 mg/kg of zinc, with 200 mg/day of calcium retained, higiig the importance of
maintain tracemineral supplementation in accuratedevel

After absorption, the mineral uptake from basolateral bmame will be delivered
in liver to packed into metalloproteins to storage (metallothignegruloplasmin) or
transported to target tissues (albumin, ferritin) (Stipanwk @audill, 2013) regardless
this fact, between cell uptake and plasma transportan, of the organic chelated
tracemineral will be hydrolyzed and presented as inorganiecmes. The amount of
organic tracemineral coming directly from an ingestedatbeo plasma is difficult to
guantify and may vary from situation to situation (Ashni&@fl 2), but all the plasmatic
mineral will be regulated by pathways in livém this way, an evaluation of minerals in

liver is essential to understand tracemineral nutrition.

4.3 Mineral deposition
Ashmead (2012) describe the liver role in storage mineral telseldhe non-

hydrolyzed amount of chelated minerals that get in the liver is “ready to use” in
metalloproteins where the mineral is required, as superdigdeutase, collagenase and
alkaline phosphatase. This is probably the reason of orgasl&ated minerals had higher
biological value than inorganic molecules. Part of thedatlked molecules can also be used
as amino acid sources and will be incorporated in proteitts métal bounded. In an
excess situation, regulatory pathways will be activatedetluce plasmatic levels of

circulating minerals. High levels of zinc induce the rtetlaionein transcription (Leone
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et al.,, 1985), as the same path the highest levels of campeate ceruloplasmin

production. This tracemineral excess will be transportethéopancreatic duct and

launched in intestinal lumen and can be reabsorbedcéssary. In the absence of an
intestinal regulatory step for organic tracemineral supplgation, this pathway in liver

can be an important adjust to keep mineral concentratiphyisiological levels.

The results for the mineral deposition in liver of Epithicks receiving diets with
increasing zinc levels supplied lay inorganic or organic trace mineral source, as the
values for initial mineral deposition on liver, are presdnn table 19. The increase on
zinc levels of the diets enhance the deposition ofiritiee liver with linear and quadratic
responses for organic and inorganic sources and the eguedioitoe viewed in table 20.

The highest level of zinc deposited is reach when 67 mg/kgebfsdsupplied in
both sources, corresponding to 80 mg of zinc for kg of livendoganic source and 87
mg to organic source. The value of 67 mg/kg is close the opiegwels to performance
results (63 and 70 mg/kg) and around 80 mg/kg of zinc in liver seente tthe
physiological level of this mineral whereas the initialueabf 87 mg/kg in liver was
observed.

It can be also noted a difference in levels 0, 19 and 38 rod/kigc in inorganic
source can be observed in comparison to the zinc in dizéne animals at day 8 by
Dunnett test. This difference to organic source is only significelevels 0 and 19 mg/kg
of zinc, indicating the organic sources can maintain galnear the physiological
conditions easily than inorganic sources.

To manganese and iron deposition, significant linear and diadesponses
(P<0.05) can be observed when organic sources with increkesiaty of zinc are
supplied. Levels of 40 and 47 mg/kg of zinc reach the lower le¥@mnganese and iron
in the liver, respectively. This data suggests an after-ptisorantagonism can occur in
liver when zinc levels vary to deficiency to above requéeem

The storage of mineral in liver is an efficient manner gvent mineral toxicity by
high intake and absorption or any depletion situationntiagtoccur, like infections, lower
amount of minerals supplied or improved demand and the poimt tkbanineral start to

be storage can be an indicator of the point of the meapgint is reached.
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Table 19. Mineral deposition in liver (kg) in broiler chiclsefed with diets supplemented with different levelgin€ from organic or inorganic
sources in dry matter basis.

Initial Zinc Level C.V. P-Value

Parameter (8 d-old) Source 0 19 38 57 76 Mean MSE (%) Linear Quadratic

Zn 87.75 Inorganic 66.59* 74.61* 75.62* 83.30 81.40 75.87 617 7091 <.0001 0.0233

(mg/kg) Organic 68.60* 75.83* 84.06 86.56 85.95 80.20 <.0001 0.0045
Mean 67.60 75.22 79.84 8493 8258

Mn 9.61 Inorganic 8.72 854 870 851 932 876 809 3837 0.8718 0.3409

(mga/kg) Organic 10.83 10.00 9.39 9.80 10.71 10.15 0.0443 0.0022
Mean 9.77 9.27 9.04 9.15 10.01

Fe 363.16 Inorgar?ic 397.76 436.79 393.91 438.91 383.65 410.20 178.00 61.80 0.7585 0.5790

(mg/kg) Organic  395.63 309.13 221.13 257.98 279.43 292.66 0.0083 0.0100
Mean 396.69 372.96 307.52 348.44 331.54

Cu Inorganic 16.64 12,90 12.77 15.44 12.86 14.12 0.8592 0.1886

(mga/kg) 13.38 Organic  13.90 12.78 12.47 12.84 1259 12.92 134.30 17241 0.0982 0.2464
Mean 15.27 12.84 12.62 14.14 12.73

Ca 166.29 Inorganic 171.82 152.70 164.30 175.95 151.17 163.19 2152 13.59 0.4045 0.6590

(ma/kg) Organic  160.42 163.45 155.98 153.93 155.12 157.78 0.4017 0.9925
Mean 166.12 158.07 160.14 164.94 153.15

Inorganic 11.87 11.76 11.84 11.71 11.61 11.76 0.4952 0.8351

P (k) Organic  12.10 12.00 11.70 11.77 11.76 11.87 4.00 564 0.5946 0.3550
Mean 11,99 11.88 11.77 11.74 11.68

*Significantly different from Initial values (8d-old) Hyunnett test (P<0.05).



Table 20. Regression equations to mineral deposition in liver.

Parameter Source Contrast Regression Equations Optimal Level P-Value R2
Inorganic Linear Y=0.1786x+69.08 >76.00 <.0001 0.7469
Zn Quadratic Y=-0.0035x2+0.4425x+66.57 63.21 0.0233 0.8897
(mg/kg) Organic Linear Y=0.2391x+71.114 >76.00 <.0001 0.8526
Quadratic Y=-0.0042x2+0.5611x+68.055 66.80 0.0045 0.9879
Mn Organic Linear Y=-0.0037x+10.36 >76.00 0.0443 0.3186
(mg/kg) Quadratic Y=0.00093x2-0.074x+11.03 39.78 0.0022 0.7603
Fe Organic Linear Y=-1.3347x+346.85 >76.00 0.0083 0.4629
(mg/kg) Quadratic Y=0.0715x2-6.772x+398.49 47.36 0.0100 0.9404
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Graphic 3. Liver deposition of zinia broiler chickens fed with diets supplemented w
different levels of zinc from organic or inorganic sostce
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4.4 Relative Bioavailability

Bioavailability can be defined as a portion of nutrienaleat that will be absorbed,
transported and used to supply metabolic requirements (M 1996). This process
is followed by higher performance results in poultry proadurcaind growth response has
been used as primary criterium to determine bioavailabdiaymineral absorption may
provide a more accurate value (Ammerman, 1995). The relatesdilability (RBA) is
the percentage of nutrient source available comparingstar@lard source and can be
calculated comparing slope ratios when both sources hadaa liesponse (Littell et al.,
1995). In this study, the absorption parameters that gesksignificant (P<0.05) linear
effects in both sources was Zinc retention, Zinc Apgafsorption and Zinc in Liver.
A compilation of this responses is presented in table 21.

The estimated bioavailability of organic source of zint25% on average. This
value represents improvement on zinc absorption when organice is used and is
lower than reported by Ao et al. (2006) of 183% based in perfaeramd 157% based
on zinc deposition in tibia. However, using the averagetdatanc retention on liver to
calculated relative bioavailability reach in 66% of bioaadaility, demonstrating the

importance in determine a standard parameter to evaluatelibédmlity.

Table 21 Linear response slopes and bioavailability of sources.

Inorganic Equatior  Organic Equation

Parameter Slope Slope BioAv. (%)
Zn Retention 0.0091 0.0119 131%
Zn Apparent Absorption -0.182 -0.2035 112%
Zn Deposition in Liver 0.1786 0.2391 134%
Mean 125%

5 Conclusions
The nutritional requirement of zinc is 70 mg/kg of weighingahen supplied by
an inorganic source, but this value can be reduced to 63mg/kg dftvgeilp when an
organic source is utilized without performance losses. Therption antagonisms in
inorganic source was calculated &s0.13 to Zn:Mn and 1:0.09 to Zn:Fe based in
retention results. Relative Bioavailability of Zinc ongasource is 125% of inorganic

source calculated by zinc absorption capacity.
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CHAPTER 2

NUTRITIONAL REQUIREMENT AND BIOAVAILABILITY OF DIFFERENT
SOURCES OF MANGANESE FOR BROILERS
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ABSTRACT

The objective of the current study was to update the nutritieqairement of manganese
values for broilers and determine the relative bioavaitgiiRBA) of two sources of
manganese. To this, 510 male Cobb broilers from 1 to 18aldywvere used. The animals
were housed (1-7d) following Cobb guidelines receiving a corn-soybeal diet with
low basal trace mineral content (13 mg/kg of basal mamsgaraalyzed) and
supplemented with 30 mg/kg of manganese (50% of NRC 1994 recommesjiats
MnSO4 to reduce body stores. At 8d-okD birds were slaughtered to collect liver
samples to evaluate initial mineral deposition and the r@ntpbirds were weighed and
randomly assigned to 10 treatments with 10 replicates of Sagmench. The treatments
consisted of five levels of manganese supplemented (30255 and 100 mg/kg) from
two sources (MnSO4, with Fe, Cu, Zn and Se supplementecul@sates, and Bioplex
Mn, with Fe, Cu, Zn and Se supplemented as chelates)afih®ls were housed in
plastic cages with plastic feeders and received deminedaiater and feed at libitum.
The experimental diets were semipurified (5 mgdkdpasal manganese analyzed), with
30% of corn and contained cellulose, phytic acid and phytaapproach to a practical
diet. On 17 d-old, the birds and feeds were weighed to evahatinal weight (BW),
weight gain (WG), feed intake (FI) and feed conversion (FAB)18 d-old, a bird for
cage was slaughtered for determination of minerals invibe The results indicate that
the manganese requirement for higher performance is 166 g Mhweight gain for
inorganic supplementation, which can be reduced to 95 mg Mn/kg ghivgain in
organic mineral supplementation. Both sources have andisgdinear retention in the
gut and the highest deposition on liver is reach with supplgthgng/kg of diet of
inorganic manganese or 85mg/kg of diet of organic manganeseindtganic source
supplementation reduces zinc and copper absorption and ircmasganese, copper
and iron excretionRBA of the organic manganese was estimated to be 100% of the

inorganic manganese.

Key words: Manganese, requirements, bioavailability, tracerals, broiler.
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1. Introduction

Manganese is an essential element in animal nutrétsgpart of several enzymatic
processes. This essentiality is due manganese ability arcliatnge its valence state
(Mn?*, Mn®* and Mr*) what makes it an important cofactor in catalyticctiems
(Stipanuk and Cauldill, 2013). Metalloenzymes like arginasger®xide dismutase and
pyruvate carboxylase had a manganese constituent redjdhen

It is fundamental understand the role of manganeseody o establish the
requirement accurately to avoids deficiency or excespt®ms. It became a problem in
poultry production knowing that practical diets can redueehibavailability of some
sources of manganese (Halpin and Baker, 1986). The actuakragqaot of manganese
for broilers is 60 mg/kg of diet, defined by NRC (1994) basedaal)kand Sullivan
(1966). The Council at the time presents at 42 d-old 3,717 derdfintake and 2,088
grs of body weight. Calculating the manganese intakeilogrem of weight gain the
requirement was 107 mg/kg WG. The recent data (Rostagno 20 Hr) set forth 5,083
grs in feed intake and weight of 3,218 grs at 42-day and, rep®bi mg of manganese
for kg of weight gain. The use of the NRC (1994) mangarnesenimendations in the
actual broiler strains represent%less manganese supply for animals with performance
55% higher.

It has been supposed that chelated sources could reaelytivement amount of the
mineral in the body in a faster and readily available wagucing the mineral
supplemented and reducing losses to environment. There&gieeb the updating the
requirements values to manganese, it is also necesstablish the bioavailability of this

source to meet the requirements.

2. Objective

The aim of this project was to determine manganese requitgrog broilers from
organic and inorganic sources, as well as to determine ziagdiliability from organic

source.
3. Materials and Methods

The experiment was conducted in the Poultry Farm of Ahenal Science
Department at Universidade Federal de Vigosa from SeptemBataober 2016. All the

procedures follow the standards of the National Council of AhiExperimentation

40



Control- CONCEA and were previously approved by the Ethics Comnuttéaimal
Production, CEUP UFV (Register number 111/2014).

3.1 Animals
Five hundred and reCobb male chicks were utilized in this experiment. Thesbir
were housed from the first to seventh day of age in brsoftdlowing the strain
guidelines recommendations. A corn-soybean meal diet wasifated (Table 1) to meet
or exceed the nutritional requirements for this ages{@&mo et al., 2011) except for the

trace mineral content.

Table 1. Proximate and calculated/analyzed compositidmedastart diet used in the period of 1 to

7 d of age.
Ingredients % Nutrient Calculated values

Corn 53.335  Metabolizable energy (kcal/kg) 3135
Soybean Meal (45%) 30.000  Crude protein (%) 22.41
Corn Gluten (60%) 6.880 Calcium (%) 0.828
Soybean oil 3.700 Phytic phosphorus 0.247
Starch 1.585 Available phosphorus (%) 0.391
Potassium phosphate 0.955 Sodium (%) 0.223
Calcium carbonate 1.700 Chloride (%) 0.272
Sodium Chloride 0.530 Potassium (%) 0.987
Vitamins supplemertt 0.150 Magnesium (%) 0.185
Lysine HCI (79%) 0.303 Copper (mg/kg) 15

Methionine (99%) 0.197 Iron (mg/kg) 217

Threonine (98%) 0.016 Manganese (mg/kg) 43

L-Arginine (98.5%) 0.006 Zinc (mg/kg) 67

Colin Chloride (60%) 0.375 Selenium (mg/kg) 0.48
Coccidiostatic 0.055 Lysine (%) 1.174
Avilamicin 0.003 Methionine + Cysteine (%) 0.846
BHT 0.010 Threonine (%) 0.763
Mineral Supplemerit 0.100 EN:TN Ratio 49.51

Electrolytic Balance 273
A Vitamin supplement containing per kg of ration: Vit 9,750 IU; Vit. D3- 2,470 IU; Vit. E- 36.6 IU; Vit. B1-
2.60 mg; Vit. B2- 6.50 mg; Vit. B6- 3.64 mg; Vit. B12- 0.015 mg; Pantotenic acid13.0 g; Biotin— 0.091 mg;
Vit. K3 — 1.95 mg; Folic acid- 0.91 mg; Nicotinic acid- 39.0 mg.
B The mineral supplement was added following NRC (1994ymewendations for traceminerals, except for
manganese (50% of NRC recommendations) (Table 2).
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Table 2. Calculated and analyzed values for basal didtsugplements used in Mn trial.
Mn (mg/kg) Fe (mg/kg) Zn (mg/kg) Cu (mg/kg)

SAMPLE : Calc Anal Calc Anal Calc Anal Calc Anal
Prestart basal diet 15 13 20 137 108 27 34 7 7
Prestart supplement 5 30 29 80 41 40 35 8 5

Prestart diet
(+supplement)
Experimental basal

10 43 44 217 141 67 65 15 10

. 12 5 6 32 29 12 18 3 2
diet
I 0,
m;%amc suppl- (0% 5 1 80 82 40 53 10 7
Inorganic suppl.
(100% My 5 100 93 80 64 40 55 10 6
i 0,
3;%6‘3”'0 suppl- 0% 5 1 80 8 40 39 10 11
i 0,
3:%*1”'0 suppl- (100% 5 159 93 g0 76 40 31 10 10

A Inclusion 1kg/ton
B Inclusion 2kg/ton
The trace minerals amount in diets were calculatedetet m00% of NRC (1994)
requirements, except for manganese supplemented in 50% @ NPR4) requirement
(Table 2). At 8d-old, 500 animals with 174.6x1g initial body wer@hed and randomly
distributed into one of 10 treatments and 10 replicatmas5 animals per pen. Each pen
was considered as an experimental unit. Extra ten animaés siaightered to collect

samples in a pool to evaluate initial trace mineral cotnagons.

3.2Diets
A semi purified basal diet was formulated based on casdiimin, isolated
soybean protein and corn, starch and dextrose (Tablex®dbor exceed Rostagno et al.
(2011) recommendations for initial phase. The diet wamitated to obtain minimum
amounts of trace minerals while meet or exceed the reqgins for the other nutrients.
Mineral supplements (Table 4) were added to this diet with 0 omb@Ky of manganese
in an organic (Bioplex TM) or inorganic (Sulphate) soardéhese diets were mixed in a

proportion to reach 5 different levels of the tested mirfeen both sources.

3.3 Treatments
The experimental treatments (Table 4) consists in 5dedMetnanganese and two
different sources, an organic (Bioplex TM) and an inoiga(Sulphate) source.
manganese levels were calculated using levels up and belowNRG (1994)
recommendation for manganese. The other minerals (copper,zinc, selenium and

iodine) were kept in the actual recommendations as suggestbd RRC (1994).
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3.4Housing
The weighted birds were transferred to an experimental rooharskd in 0.35 x
0.50 m plastic cages equipped with nipple type drinkers andatuplastic feeders to
provide water and feedd libitum. The water provided to the animals during the
experimental period was demineralized to ensure any extermdhnsmation. The
temperature was maintained constant by heat lamps and swataiording to the range

of thermal comfort for this age measured by dataloggerledtia the room.

3.5 Parameters Evaluated
During 10 days of experimental period, the performance paresretaluated was

average final body weight, average weight gain, averagg iféake, feede-gain ratio,

and mortality. At 13 d-old (5 days of trial) trays cowkneith plastic sheeting was
installed to allow total excreta collection to evalugte trace mineral balance. The
mineral balance was calculated by the difference betweenttdke and the excretion of
each mineral. The collections were performed over 5 cotise days until the end of
experimental period. Excretas were frozen and homogenizgdeafth collection and an

aliquot was taken and dried for further analyses.

At 17 d-old, the animals and feeds were weighed to cafcalatrage final body
weight, average weight gain, average feed intake andidegalin ratio. At 18 d-old, one
animal per cage was selected to slaughter. The animals lseghtered by cervical
dislocation for samples collection to evaluate theceatration of each mineral in the

tissues.
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Table 3. Proximate and nutritional composition of semipuriiiets used in experimental period
(8-17 days).

Ingredient % Nutrient Calculated
Composition

Corn 30.00 Met. energy (kcal/kg) 3128
Casein 4.00 Crude protein (%) 22.58
Albumin 12.00 Calcium (%) 0.850
Isolated Soy Protein 4.00 Phytic phosphorus 0.161
Starch 13.00 Available P(%) 0.400
Dextrose 13.30 Sodium (%) 0.372
Broken Rice 8.00 Chloride (%) 0.485
Soybean oil 2.00 Potassium (%) 0.885
Cellulose 4.00 Magnesium (%) 0.126
Calcium Bicarbonate 1.695 Copper (mg/kg) 11

Potassium Phosphate 1.485 Iron (mg/kg) 110

Magnesium Chloride 0.650 Manganese (mg/kg) 5-105
Potassium Chloride 0.468 Zinc (mg/kg 72

Amino acids supplement 0.030 Selenium (mg/kg) 0.52
Mineral Supplemerit 0.200 Lysine (%) 1.254
Vitamin Supplement 0.150 Met + Cys (%) 0.913
Sodium Phytate 1.020 Threonine (%) 0.831
Phytase 0.010 EN:TN Ratio 50.07
Other ingredient8 0.620 Electrolytic Balance 251

A Amino acids: Lysine HCL (79%)0.030; L-Arginine (98.5%) - 0.275; L-Glycine (98.5%) - 0.400;nh& (99%)
- 0.850; Glutamic acid (100%) - 2.000Added according each experimental treatment (Table 4).

€ Vitamin supplement containing per kg of ration: Wit 9,750 IU; Vit. D3- 2,470 IU; Vit. E- 36.6 IU; Vit. B1
— 2.60 mg; Vit. B2- 6.50 mg; Vit. B6- 3.64 mg; Vit. B12- 0.015 mg; Pantotenic acid13.0 g; Biotin- 0.091 mg;
Vit. K3 — 1.95 mg; Folic acid- 0.91 mg; Nicotinic acid- 39.0 mg.° Colin Chloride (60%) - 0.375; Coccidiostatic -
0.055; Avilamicin - 0.010; Antioxidant (BHT) - 0.030

Table 4. Calculated and Analyzed values of minerals foseha purified diet in mg/kg.

Mineral
Sourc Mn n Manganese Iron Zinc Copper
e Lvi Cal Anal Calcu  Anal Calcu  Anal Calcu  Anal
cul.t y.2 |1 y.2 |1 y.2 |1 y.2

0 10 5 6 110 113 72 67 11 6
19 10 30 27 110 103 72 73 11

N9 38 10 55 53 110 100 72 66 11 6
57 10 80 73 110 113 72 73 11 6
76 10 105 96 110 97 72 69 11 8
0 10 5 6 110 108 72 51 11 12
19 10 30 27 110 104 72 51 11 13

?]riga 38 10 55 49 110 105 72 56 11 12
57 10 80 70 110 107 72 53 11 13
76 10 105 93 110 111 72 52 11 12

ITotal Calculated values (Basal diet + Supplement)
2Analyszed in 5 samples with replicate.
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3.6 Mineral Concentration Analysis

Liver samples were lyophilized and ground in a mill to be andlyae diets and
excreta, following the method 935.13 (AOAC, 2000bia without the adjacent cartilage
and free of muscular tissue, breast and liver samples iephilized and ground in a
mill. An aliquot of 0.6g of diets, tissues and excreta sampie® weighed on the
analytical balance and added 5ml of 4:1 nitroperchloric acigtisol (4 parts of nitric
acid and 1 part of perchloric acid). The samples were tdk#®0&C in the digester block
and the residue was filtrated on quantitapeaper (7.5 um pore) and completed for 50ml
with distillate water. This solution was read in atoms@ption spectrophotometer
(GBC AvantaX) to obtain the mineral levels. The phosphorus analysigpedsrmed by
the colorimetric method (Fiske & Subbarow, 1925). The prai@manalyses were
performed in the Animal Nutrition Laboratory of the Animal Sceepartment at the

Universidade Federal de Vicosa.

3.7 Statistical Analysis

Data was analyzed using the Statistical Analyses Systegngme- SAS 9.4. An
ANOVA test was performed using GLM procedure considering a Nestsbwith
levels inside the different sources and the pens asxgerimental unit. The regression
eguations were estimate using the orthogonal contraBtROYC REG procedure. For the
mineral requirements, only linear and quadratic responsesomaglered for the model
if statistical significance was observed (P<0.05). To maindeposition in tissues, a
Dunnett test is also performed to compare the resultsimital mineral values in the
beginning of the experiment, using the GLM procedure. The regeirss values for

organic and inorganic sources was compared for the bioavajlatstiermination.
The estimates of the requirements for each parameterobtained by the model:
Yig = B+A+ B(A)j + &

Where:

Yikj = observatiork in leveli of factor Source and levgbf factor Mn Level;
= overall mean of the experiment;

Aj = effect of leveli of factor Source;

B(A)ij = effect of levelj of factor Mineral Level within level of factor Source;

eikj = random error associated with each observation.
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4. Results and Dis@son
4.1.Performance Results

The most difficult step in establish a trace minerglilment is define a parameter
which is sensitive to manganese deficiency without provide ckamngemineral
metabolism. Footpad integrity, leg deformity, incideand severity of perosis were been
reported (Henry, 1995) as good measurements of manganese reqtiraseeveral
researches reports no difference in growth performadicei, 2016; Brooks et al., 2012;
Li et al., 2005) even in high doses (Yan and Waldroup, 2006]e3u8006). However,
the manganese participation on essential enzymesrtbgtmwth as arginase, pyruvate
carboxylase and glycosyltransferase (Stipanuk and Caudill, 2@h8f to expect

performance responses.

The performance results are showed in table 5. No mgntate or clear deficiency
symptoms was noted is this research. The increasing nesgkvels had a significantly
(P<0.05) linear effect in body weight (BW) and weight gaWG) of animals receiving
inorganic or organic sources, suggesting that higher ledvelianganese may are
required. The linear effect was also significant (P<Ot65ged intake (FI) and feed to
gain ratio (F:G) when manganese levels was increased anéesgupjgininorganic form.
The organic form had a significant (P<0.05) quadratic regpomb:G, and the level of

70.22 mg/kg of manganese is required to lower values of F:G, asdhotable 6.

The lower feed to gain ratio obtained with the 70.22 mgmrkg of diet in organic
source is 1.360 and it represent 95 mg of Mn / kg of WG. Usinga$imnse in the linear
eqguation forinorganic source, the level of inorganic manganese to reachih.868 is
121.80 mg/kg of diet (or 166 mg of manganese/kg of WG), although tekweas nor

tested.

Few publications reports improve in WG when manganese levels teste.
Pierce et al. (2009) found highest BW by using 90 mg/kg in dietgzafnic and inorganic
manganese, corresponding to 153.0 (organic) and 159.3 (inorganiky) m§WG. The
same value was found by Neeraj (2014) when manganese was supptiederaiy with
400mg of ascorbic acid. However, the absorption rateegktBources of manganese have

to be evaluated.
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Table 5. Performance? of broiler chickens fed diets diilerent levels of manganese from organic or inorgamicces from 8 to 17 days old.

Manganese Level P-Value (Nested Effect)
Parameter Source Mean MSE C.V. (%)
0 25 50 75 100 Linear Quadratic
Inorganic  526.08 542.12 547.20 554.46 551.96 544.36 0.0015 0.1459
19.70 3.61
BW?2 Organic 527.04 553.30 549.12 540.44 556.40 545.26 0.0221 0.2771

Mean 526.56 547.71 548.16 547.45 554.18

Inorganic  351.22 367.32 372.36 379.62 377.08 369.52 0.0015 0.1374
19.57 5.29
WG3 Organic 352.18 378.44 374.26 365.60 381.56 370.41 0.0196 0.2889

Mean 351.70 372.88 373.31 372.61 379.32

Inorganic  498.85 510.44 516.32 518.80 520.08 512.90 0.0392 0.4002
23.99 4.69
Fl14 Organic 498.32 521.36 504.68 505.92 518.68 509.79 0.2889 0.9272

Mean 498.59 515.90 510.50 512.36 519.38

Inorganic 1421 1391 1389 1366 1381 1.390 0.0096 0.1341
F.G 0.0393 2.84
Organic 1.417 1377 1.349 1384 1360 1.377 0.0070 0.0475

Mean 1419 1384 1369 1375 1.370

1Due only two animals died during the experiment, mortaligg@nted low variability with no statistical difference avas$ disregarded.
2BW (Body Weight, g); 3WG (Weight Gain, dFl (Feed Intake, gfF:G (Feedo-gain ratio, g/g).
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Table 6. Regression equations to performance parameters.

Parameter Source Contrast Regression Equations OLD‘:LFZTI P-Value R?
BW1 Inorganic Linear Y=0.2576x+531.46 >100 0.0015 0.8104
(9) Organic Linear Y=0.1836x+536.04 >100 0.0221 0.3763
WGE2 Inorganic Linear Y=0.2564x+356.6 >100 0.0015 0.8085
(9) Organic Linear Y=0.1860x+361.1 >100 0.0196 0.3772
FI3 (9) Inorganic Linear Y=0.2008x+502.84 >100 0.0392 0.8566
.t Inorganic Linear Y=0.000416x+1.4105 >100 0.0096 0.6809
@) Organic Linear Y=0.0004336x+1.3991 >100 0.0070 0.4207
Quadratic Y=0.00001068x2-0.0015x+1.4125 70.22 0.0475 0.6576

1BW (Body Weight, g); 2 WG (Weight Gain, g); 3 FI (Fdethke, g);*F:G (Feedo-gain ratio, g/g)
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Graphic 1. Weight gain and feed to gain ratfdoroiler chickens fed diets with ascendi
levels of manganese from organic or inorganic sources &to 17 days old.
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6.1 Mineral Balance Results
The results for manganese, zinc, iron and copper bataecghown in tables 7, 9,

11 and 13. The significant regressions equations are presenadies 8, 10, 12 and 14.

An ascending linear and a quadratic effect was significaRt) (05) observed in
manganese intake when supplied by inorganic sources, W&8 eng/kg as a maximum
level. When organic source was supplemented, an ascendig@r Iresponse was
observed. A significant (P<0.05) linear increase in marggagcretion and manganese
retention are also observed with an increase in masgalevels supplementation in
organic or inorganic sources, as well manganese balancgaoic supplementation. The

regression equations are present in table 8.

Thelinear increase in manganese retention suggest an imprpggormance may
be recorded if higher levels of manganese were usedagparent absorption rate seen
in this study was low and can be linearly increased by usganar source of manganese.
This agree with Brooks et al. (2012) that manganese is Hgrpw@or absorbed and
several minerals (Ca and P) and phytate can reduce Mn lbédoalits.
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Table 7. Manganese Balance in broiler chickens fed adwits supplemented with different levels of manganesa brganic or inorganic

sources.
Manganese Level C.V. P-Value (Nested Effect)
Parameter Source Mean MSE
0 25 50 75 100 (%) Linear Quadratic
Inorganic 0.26 120 226 327 454 2.31 <0.0001 0.0012
Mn Intake 0.1581 6.94
Organic 0.23 126 220 320 4.37 2.25 <0.0001 0.0631
(mg/kg/bird/day)
Mean 0.24 123 223 323 4.46
Inorganic 022 099 179 277 357 1.87 <0.0001 0.3880
Mn Excretion _ 0.2387 12.95
Organic 0.20 1.03 184 252 350 1.82 <0.0001 0.5394
(mg/kg/bird/day)
Mean 0.21 101 182 264 354
Inorganic 0.04 0.21 047 050 0.97 0.44 <0.0001 0.0812
Mn Retention . 0.1826 41.96
Organic 0.03 0.23 035 0.68 0.87 0.43 <0.0001 0.4017
(mg/kg/bird/day)
Mean 0.03 0.22 041 059 0.92
Inorganic 16% 18% 21% 15% 21% 18% 0.3058 0.9843
Mn Apparent _ 7.974  44.65
Organic 12% 18% 16% 21% 20% 17% 0.0140 0.3745
Absorption(%)
Mean 14% 18% 18% 18% 21%
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Table 8. Regression equations to manganese balance pasameter

. . Optimal
Parameter Source Contrast Regression Equations Level P-Value R?
eve
Mn Intak Inorganic Linear Y=0.056x+0.1776 >100 <0.0001 0.9972
n Intake
_ Quadratic Y=-0.000124%+0.0466x+0.2670 187.90 0.0012 0.9995
(mg/kg/bird/day) : _
Organic Linear Y=-0.0538x+0.2082 >100 <0.0001 0.9986
Mn Excretion  Inorganic Linear Y=0.04467x+0.170 >100 <0.0001 0.9983
(mg/kg/bird/day) Organic Linear Y=0.0425x+0.204 >100 <0.0001 0.9975
Mn Retention  Inorganic Linear Y=-0.0113x+0.0092 >100 <0.0001 0.9277
(mg/kg/bird/day) Organic Linear Y=-0.01125x+0.004 >100 <0.0001 0.9810
Mn Apparent ) )
Organic Linear Y=-0.1052x+13.409 >100 0.0140 0.7051

Absorption (%)




Graphic 2. Manganese excretion and retention in brolékens fed diets with
ascending levels of manganese from organic or inorganice® from 8 to 17 d-old
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Zinc balance results for broilers fed with increasengls of manganese in organic
or inorganic sources are presented in table 9. No signifdiffetence (P<0.05) was
observed to organic source supplementation. The increassghmese levels inorganic
form increase linearly zinc intake and zinc excretiaut, ddso reduce the zinc balance

(P<0.05) in a linear response. The linear equations arenpedsa table 10.

In table 11 are presesd the result for iron balance parameters with the
supplementation of increased manganese levels. Irakeir@nd excretion are increased
by the supplementation of manganese from inorganic somitbelinear significance

(P<0.05). In table 12 the linear equations are presented.

The copper balance parameters are presented in table $&yrfwant difference
(P<0.05) was observed to organic source supplementation. oppercexcretion was
increased (P<0.05) in a linear response when inorganic sofiroeanganese was
supplied. Due this fact, the copper apparent absorption tganirsupplementation had

a significantly (P<0.05) linear decline. These equationdearbserved in table 14
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Table 9. Zinc Balance in broiler chickens fed with dgtpplemented with different levels of manganese fooganic or inorganic sources.

Manganese Level C.V. P-Value (Nested Effect)
Parameter Source 0 25 50 75 100 Mean MSE (%) Linear Quadratic
Inorganic 3.24 339 337 344 345 3.38 0.0063 0.3691
Zn Intake Organic 241 253 246 246 250 247 00 >0 o470 0.6456
(mg/kg/bird/day) rganic : 5 . . 5 . . .645
Mean 282 296 291 295 298
Inorganic 203 207 214 229 229 2.16 0.0017 0.9945
ZnExcretion o e 16 170 180 169 176 172 o0 06 ees 0.4322
(mg/kg/bird/day) g ' ' ' ' ' ' ' '
Mean 1.83 188 197 199 2.03
Inorganic 121 132 122 115 1.16 1.21 01934  19.64 0.1454 0.4438
Zn Retention . : :
(mg/kg/bird/day) Organic 0.78 082 066 077 0.74 0.76 0.4966 0.5952
Mean 1.00 107 094 096 0.95
Inorganic 37% 39% 36% 33% 34% 36% 0.0435 0.6245
Zn Apparent 6.51  19.56
Absorption Organic 32% 33% 27% 31% 30% 31% 0.3048 0.4594
0,
(%) Mean 35% 36% 32% 32% 32%
Table 10. Regression equations to zinc balance parameters.
Parameter Source Contrast Regression Equations P-Value R2
Zn Intake (mg/kg/bird/day) Inorganic Linear Y=0.0245x+3.2834 0.0063 0.7811
Zn Excretion (mg/kg/bird/day) Inorganic Linear Y=0.0039x+2.0145 0.0017 0.9263
Zn Apparent Absorption (%) Inorganic Linear Y=-0.07016x+38.68 0.0435 0.6316
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Table 11. Iron Balance in broiler chickens fed with diefgpéemented with different levels of manganese fromracgar inorganic sources.

Manganese Level C.V. P-Value (Nested Effect)
Parameter Source 0 25 50 75 100 Mean MSE (%) Linear Quadratic
o Intake Inorganic 573 598 595 6.07 6.09 5.97 03364 5.62 0.0168 0.4352
) [ .84 A .97 .97 .07 : : .5682
(mg/kg/birdiday) Organic 5.8 6.13 5.9 5.9 6.0 5.99 0.3655 0.568
Mean 578 6.06 596 6.02 6.08
o Excretion Inorganic 324 333 331 361 3.66 3.43 04889 14.31 0.0226 0.7046
(mg/kg/birdiday) Organic 330 332 354 327 358 3.40 0.2997 0.8794
Mean 3.27 332 343 344 3.62
e Retention Inorganic 249 265 264 246 243 2.54 04431 17.27 0.4804 0.3147
(mg/kg/bird/day) Organic 254 281 243 270 249 2.59 0.6512 0.5571
Mean 252 273 253 258 246
I 0 0 0 0 ) 0
Fe Apparent Inorganic 44% 44% 44% 41% 40% 43% 731 17.03 0.1379 0.4081
Absorption Organic 43% 46% 41% 45% 41% 43% 0.4929 0.6493
)
(%) Mean 44% 45% 43% 43% 40%
Table 12. Regression equations to iron balance parameters.
Parameter Source  Contrast Regression Equations P-Value R2
Felntake (mg/kg/bird/day) Inorganic  Linear Y=0.00432x+5.802 0.0168 0.7970
Fe Excretion (mg/kg/bird/day) Inorganic  Linear Y=-0.00597x+3.2032 0.0226 0.8604

54



Table 13. Copper Balance in broiler chickens fed withsdiepplemented with different levels of manganese from orgamorganic sources.

Manganese Level C.V. P-Value (Nested Effect)
Parameter Source 0 25 50 75 100 Mean  MSE (%) Linear Quadratic
Inorganic  0.355 0.371 0.369 0.377 0.378 0.370 0.0727 0.6102
) Organic  0.535 0.562 0.547 0.547 0.556 0.549 0.2923 0.4080
(mg/kg/bird/day)
Mean 0.445 0.466 0.458 0.462 0.467
Inorganic 0.268 0.269 0.278 0.302 0.311 0.286 0.0078 0.5273
Cu Excretion . 0.0426 12.22
: Organic 0.382 0.420 0.430 0.402 0.429 0.412 0.0741 0.2147
(mg/kg/bird/day)
Mean 0.325 0.345 0.354 0.352 0.370
Inorganic  0.087 0.102 0.091 0.074 0.067 0.084 0.0768 0.2828
Cu Retention . 0.0352 31.82
. Organic 0.153 0.142 0.117 0.145 0.127 0.137 0.1761 0.2723
(mg/kg/bird/day)
Mean 0.120 0.122 0.104 0.110 0.097
Inorganic 25% 27% 25% 20% 18% 23% 0.0078 0.1750
7.778 35.51
CuApparent o oonic 20%  25% 21% 27% 23%  25% 0.2017 0.3637

Absorption(%)

Mean 27% 26% 23% 23% 20%
Table 14. Regression equations to copper balance parameters.

Parameter Source Contrast Regression Equations P-Value R2
Cu Excretion . .
. =0. +0. . .
(mg/kg/bird/day) Inorganic Linear Y=0.00061x+0.2628 0.0078 0.9094
Cu Apparent Absorption (%’ Inorganic Linear Y=--0.11136x+2.0219 0.0078 0.7603
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The linear decreasing of zinc apparent absorption, copperesgp@dosorption and
the increase in zinc, copper and iron excretion when inard¢evels of manganese were
supplied clearly show the antagonism in this trace minebaisrption. Mi*, F&*, C/**
and Zrit*, as also C& and Nf*are transported in brush border of enterocytes by the
divalent Metal Transporter 1 (DMT1) in duodenum (Gunshinakt 1997). Mice
expressing a functionally impaired DMT1 have reduced intdstinaganese absorption
(Bressler et al., 2007). Increase iron intake levelsrdahit manganese uptake (Stipanuk
and Caudill, 2013). DMTL1 is not the only copper, zinc and transporter, but it is the
main manganese transporter (Bai et al., 2008), thatcalsdoe transported in calcium

channels.

Results of calcium balance parameters are presemtafile 15. When manganese
levels were increased by organic manganese no significarit.0)<effects were
observed. An ascending linear increase was observed dinrnaintake and calcium
retention by supplying increased levels of inorganic source nfamese with statistical
significance (P<0.05). The linear regression equationsdimiuen intake and calcium

retention are presented in table 16.

The results for mineral deposition in liver of broileesl fwith increasing levels of
manganese in organic or inorganic sources are presentdderi7. The comparison with
initial values demonstrate a significant reduction (P<Oo@lljver zinc for all treatments.
The treatments without manganese supplementation vggriicantly different (P<0.01)
than initial values. A significant difference (P<0.05vbetn the calcium values with 100
mg/kg inorganic supplementation of manganese and initialatof calcium is also
observed. Evaluating the differences between manganess, lehere is no significant
difference (P<0.05) to zinc, iron and copper depositiofiver for neither sources. A
significate (P<0.05) linear decrease can be observeddiuatieposition in the liver to
the manganese supplementation in inorganic source. Thgamese deposition in liver
was significant (P<0.05) to inorganic and organic supplementaiitn ascending linear
and quadratic effects. The higher value for manganebeemcan be reach with 68.8
mg/kg of manganese in inorganic source or 84.6 mg/kg in organicesdegressions

equations are presented in table 18.

56



Table 15. Calcium Balance in broiler chickens fed wigtsisupplemented with different levels of manganese fronmgrgainorganic sources.

Manganese Level C.V. P-Value (Nested Effect)
Parameter Source 0 25 50 75 100 Mean  MSE (%) Linear Quadratic
Inorganic 279.85 292.17 290.62 296.59 297.64 291.37 0.0139 0.4282
) Organic  267.27 280.83 273.29 273.38 277.97 274.55 0.3831 0.5858
(mg/kg/bird/day)
Mean 273.56 286.50 281.95 284.99 287.81
Inorganic 92.20 85.72 92.28 93.27 91.60 91.02 0.4885 0.7934
Ca Excretion . 11.41 12.53
: Organic  93.21 89.05 93.81 85.23 93.90 91.04 0.8446 0.3492
(mg/kg/bird/day)
Mean 92.70 87.39 93.04 89.25 92.75
Inorganic 187.65 206.45 198.34 203.32 206.04 200.36 0.0190 0.2459
Ca Retention . 13.42  6.99
. Organic  174.06 191.78 179.48 188.15 184.07 183.51 0.2304 0.1508
(mg/kg/bird/day)
Mean 180.85 199.11 188.91 195.73 195.06
Inorganic 67% 71% 68% 69% 69%  69% 0.6201 0.4368
Ca Apparent 496  3.36
Absorption Organic 65% 68% 66% 69% 66% 67% 0.4313 0.1446
(%)

Mean 66% 69% 67/% 69% 68%

Table 16. Regression equations to calcium balance parameters.

Contrast Regression Equations P-Value R2
Ca Intake(mg/kg/bird/day) Inorganic Linear Y=-0.21055x+283.2729 0.0092 0.7981
Ca Retentioffmg/kg/bird/day) Inorganic Linear y=-0.16878x+193.9449 0.0475 0.4646
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Table 17. Mineral deposition in liver of broilers fed witiets supplemented with different levels of manganeggganic or inorganic sources.

Parameter Initial Source Manganese Level P-Value
(8 d-old) 0 25 50 75 100 Mean MSE C.V.(%) Linear Quadratic
Zn 91.48 Inorganic 74.04* 71.62* 73.79* 71.01* 72.12* 72.51 6.57 902 0.5097 0.7924
(mg/kg) Organic  76.38* 72.278 75.63* 70.85* 71.59* 73.34 0.0761 0.7646
Mean 75.21 7194 7471 70.93 71.85
Mn 11.06 Inorganic 5.59* 8.66 12.06 11.35 10.53 9.64 506 20.97 <.0001 <.0001
(mg/kg) Organic  6.26* 10.04 10.90 11.07 12.01 10.06 <.0001 0.0110
Mean 5.93 9.35 11.48 11.21 11.27
Fe 285.84 Inorgar?ic 331.60 277.83 266.79 343.06 242.98 292.45 8583  30.53 0.2050 0.9605
(mg/kg) Organic  260.99 305.51 285.46 231.50 270.20 270.73 0.5024 0.6707
Mean 296.30 291.67 276.13 287.28 256.59
Inorganic 11.51 1153 11.36 10.14 10.09 10.93 0.0635 0.6572
Culmgkg) 1312 5 oanic 1137 1147 1112 1021 1083 11.00 220 2092 o043 oga02
Mean 11.44 1150 11.24 10.17 10.46
Inorganic 136.29 139.97 141.23 129.71 116.70* 132.78 0.0158 0.0554
Ca(mghkg) 15108 ' onic 132.86 127.57 142.21 131.35 132.86 133.37 200 1510 o471 06144
Mean 134.57 133.77 141.72 130.53 124.78
*Significantly different from Initial values (8d-old) by Dunmégst (P<0.05).
Table 18 Regression equations to mineral deposition in liver.
Parameter Source Contrast Regression Equations OE:;{/“;?' P-Value R2
Inorganic Linear Y=0.0503x+7.0756 >100 <.0001 0.5866
Mn (mg/kg) _ Quadratic Y=-0.00134x2+0.1844x+5.43337 68.81 <.0001 0.9615
Organic Linear Y=0.04995x+7.5516 >100 <.0001 0.7862
Quadratic Y=-0.000723x2+0.12223x+6.6482 84.53 0.0110 0.9314
Ca (mg/kg)  Inorganic Linear Y=-0.19777x+142.6669 >100 0.0158 0.6059
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Interactions between calcium and manganese have bessieely studied due its
influence on perosis conditions. High levels of caltintake can precipitate manganese
sulphate rendering it unavailable to absorption, bytpiagently depends of the calcium
source. Wedekind and Baker (1990) found a reduction on tibia mesgan high levels
of calcium supplemented as dicalcium phosphate. Thesg)ae calcium supplied by
bone meal or calcium phosphate seems to have treeffant (Schaible and Bandemer,
1942). However, Wedekind et al. (1991) reported that excesscafroaby limestone or
dicalcium phosphate had no effect on reducing absorptimndogenous excretion of
manganese. In fact, Scheideler (1991) demonstrate the e{oalsssphorus more than
calcium cause depletive effect on manganese utilizatlohmanganese content in bone
and liver increased when calcium was increased. Moentagesearch (Ji et al., 2006)
shows that the manganese uptake is significantly highehigh calcium levels.
Regardless specific evidence, manganese had a high pdsacabsorption in tight
junctions and the permeability of this junctions artugriced by calcium (Ji et al., 2006),
but the way of increased levels of manganese can inccafsem retention and reduce
calcium deposition in liver remains unclear and is agslithat it can be related to a

higher bone growth.

Graphic 3Manganese deposition in liver of broiler chickens fed dhatts increasing
levels of manganese from organic or inorganic source8 torl7 d-old chicks.
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After absorption, manganese is transported in assatiatimacroglobulin to liver.
In hepatocytes, manganese will be quickly sent to mitaht@rnto incorporate to
superoxide dismutase molecule; linked to transferrin to delteetgrget tissue; or stored
in lysosomes to further excretion by active transport te besicle, where its
concentration can be 150x higher than manganese conmningplasma (Stipanuk and
Caudill, 2013). The fast active transport to bile vesicle makanganese less toxic than
other minerals and easier to archive deficiency, sin@nat be stored for longs periods
of time (Grider, 2013). Therefore, manganese evaluatioriver represents the
manganese in metalloenzymes, manganese in transitamganese that will be sent to

bile vesicles.

The quadratic response to manganese in liver when organic agdnimlevels of
manganese was supplied reach the highest values at 68.8 mgfkgnghnese in
inorganic source or 84.6 mg/kg in organic source, both corresgpinolill.8 mg of
manganese for kg of liver tissue. The highest valuerganic source is probably due the
organic manganese did not require transporter pathway anddilidtéd utilization of

organic manganese in biological systems, being less stoedichination by bile vesicle.

4.2 Relative Bioavailability

The portion of nutrient absorbed, transported and used to supgistbolic
pathways is defined by Matsui et al (1996) as bioavailable nutrigaditionally,
performance results and growth response has been ysaohasy criterion to determine
bioavailability for poultry, but parameters of mineral alpsion may provide a more
accurate value (Ammerman, 1995). The relative bioavailabiliBA)Hs the percentage
of nutrient source available in comparison to a standarccesaand can be calculated
comparing slope ratios when both sources had a lineanasgLittell et al., 1995). The
absorption parameters in this study that meet thesgiardre manganese retention and
deposition in liver. The bioavailability calculated witlojs¢ ratios for these parameters
is 100% for manganese organic supplementation.

5. Conclusions

Manganese requirement based on growth performance dmer lbigan 100 mg/kg
(estimated as 121.8 mg/kg of diet or 166 mg/kg of WG) by using inorgasniganese
source or 70.22 mg of Mn/kg of diet (95 mg of Mn / kg of WG) lgamic source. Organic
source avoids manganese interactions with copper, ndciran and have 100% of

bioavailability comparing with inorganic source.
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