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ABSTRACT

Zinc is involved in the normal and adequate groweh@nimals. Therefore, it is assumed that zinc
supplementation improves the characteristics ofakcand meat of New Zealand White rabbits
(NZW). The objective was to compare the effecvad zinc sources on growing, meat quality, and
muscle deposition in NZW rabbits during the fattenstage. 100 35-day-old NZW rabbits were
considered. Treatments consisted of: T1= A basgetl (BD) zinc-free, T2= BD+ 25 ppm Zn
(ZnSQy), T3=BD+ 75 ppm Zn (ZnSE, T4= BD+ 25 ppm Zn (Zn-Methionine) y T5= BD+ 7pm

Zn (Zn-Methionine). A completely Random Design wased in accordance with factorial
treatments 2x2+1 (2 sources x 2 level of zinc +tmbn Test period was 30 days. Variables
considered were growth and meat quality; Zinc canteas determined in serum, liver, loin and leg
in each test unit. Results showed no differencegrowth characteristics; in loin, L*, B* and
collagen content in the organic source were affectdo significant differences were found
(P>0.05) regarding the source of zinc, but thereewdifferences between zinc levels (P=0.02),
favoring the level of supplementation 25 ppm. Nffedences (P>0.05) were found in leg between
sources and zinc levels. The importance of deténmia zinc level that improves its deposition in
rabbit meat can help meet Zn’s daily requirememgults.

Key words: mineral deposition, loin.
INTRODUCTION

Zinc is an essential trace mineral for life (Kanadtel., 2015); it acts as a cofactor in more thad 3
enzymes (El-hack et al., 2017) and as a transgrigtictor (Xu et al., 2017). Zinc also is involved
in the normal growing of animals (Sloup et al., 20Meshreky et al., 2015), their reproduction
(Oliveira et al., 2004), DNA synthesis, cell didsj gene expression (Cui et al., 2017), and immune
protection (Yan et al., 2017; Liu et al., 2011pwéver, the amounts of zinc in non-ruminants are
affected by interaction with anti-nutritional facsosuch as phytic acid (Bao and Choct, 2009; Saleh
et al., 2018), and other plant ingredients in tlét, decreasing the availability and absorptibn o
zinc on gastrointestinal tract (Salim et al., 20ibi2)roilers (Zakaria et al., 2017), rabbits (Mestyr

et al., 2015) and pigs (Xu et al., 2017), beconairmgnstraint in breeding for commercial purposes.

Studies in zinc-supplemented rabbits have foungjltémprovement of pregnant rabbits and litter
at birth (Alikwe et al., 2011; Cavalcante y Feragi000); in males supplemented with zinc oxide,
an improvement in semen characteristics has beamdf@Oliveira et al., 2004). Organic zinc is
considered an alternative source, due to its baltsorption and utilization. A supplement of 80 mg
Zn kg' in  Zn-lactate form decreased incidence of diarhe rabbits for fattening (Yan et al.,
2017). The inclusion of 100 mg k@f zinc in Glycinoplex-Zn or Bioplex-Zn forms impred
digestibility (Na, K, Fe, Mn and Zn), and in melas increased its cholesterol level, water hgldin
capacity and energy value (kJ 10¢) gn thelongissimus dorsinuscle (Chrastinova et al., 2016;
Chrastinova et al., 2015). Rabbits that receive2D@ mg zinc kg supplementation in form of
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Zinc-Methionine had higher digestibility coefficignweight gaining and immune response
(Meshreky et al., 2015). However, studies on meatity, considering different concentrations of
zinc supplementation are limited. Therefore, thedive of this study was to evaluate the effect of
zinc sources and levels in growing performance,trgaality, and zinc content in muscle, serum,
and liver of New Zealand White rabbits.

MATERIALS AND METHODS

Animals: A total of one hundred (100 NZW) from both gendansl 35 days of age. They were
randomly assigned to one of five treatments. Rabbitre housed individually in stainless steel
mesh cages; 5-day adaptation period was considetedyed by a 30-day test period.

Diet: Basal diet (DB) was prepared (Table 1), based emd@huirements recommended by De Blas
and Wiseman 2010, varying the source and levelmaf 2 1= (DB) without zinc supplementation,
only with the input of the ingredients (25 mggT2= DB+25 mg kg with zinc as ZnS¢) T3=
DB+75 mg kg Zn as ZnSQ T4= DB+25 mg kg Zn as Zn-Methionine y T5= DB+75 mg k@n

as Zn-Methionine. Rabbits were fed by pelletizeztsi{3.5 mm diameter) and unlimited amount of
water supply.

Table 1. Composition of the basal diet for rabliitthe fattening stage

Ingredient composition Amount %

Dehydrated Alfalfa meal 48.70 Sodium bicarbonate 370.
Wheat bran 30.00 Bicalcium phosphate .20
Tejocote meal (Crataegus mexicana) 10.00 Anti-chaki 0.10
Corn 7.50 Chemical composition Conten
Sugar cane 1.00 Digestible Energy (kcal/kg) 2185
Colza oil 1.00 Crude Protein (%) 15.72
Vitamin mixture* 0.10 Crude Fiber (%) 15.67
Mineral mixturé’ 0.30 Dry matter (%) 89.56
L-Lysine -98% 0.20 Ether Extract 3.83
DL-Methionine-99% 0.18 Ash 9.58
Sodium chloride (NaCl) 0.10 FAD 22.31
L-Threonine 0.10 FND 32.9¢<
L-Tryptophan 0.15 Zinc (mg. Ky 25.E

"Vitamins; A 10000 Ul, B 1000, E 20.00 mg, X1.00, B 1.00, B 3.00, B 1.00, niacin 28.00, pantothenic acid 10.00,
folic acid 0.20, biotin 0.1, Colin 250 and B01 mg/kg diet
" Cu4,10.25, Fe 15, Mn 5, Co 0.10 and Se 0.1 mdikt

Study and variable analysis:Weight gaining, food intake, and food conversiomevdetermined.
After the test, all the animals were slaughterethm institutional slaughterhouse, blood samples
were collected in vacutainer tubes with no anticdegt to facilitate serum separation. Serum was
stored at -20°C until analysis. Samples were obthinom: liver, loin, and legs immediately after
slaughter from each test unit and stored in Zipld®s at -80°C until and protein analysis, fat,
moisture, collagen and water holding capacity wetemiined. Color and pH were measured 10
minutes after slaughter.

Experimental design:Test was conducted using a total of 100 rabbita,dompletely randomized
design involving a 2x2+1 factorial arrangement refatments (2 source x 2 zinc levels + group
control) sources of zinc were: zinc sulfate monahtel (ZnSQHO with 36.43% zinc) and zinc
methionine (12% zinc). Zinc levels were 25 and g Xn.

Statistical analysis:Once the values were obtained, they were expressaderage standard error,
with the statistical package SAS (v.9.4). Data wamalyzed using two-way ANOVA, and GLM
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procedure. The model includes the main zinc soeffexts, the level of zinc supplemented and
their interaction. Significant differences betwettie means were tested at one (p<0.05) by the
Tukey test.

RESULTS AND DISCUSSION

Growing response, food intake, and feed convensite (Table 2) were not significantly different
among the sources and levels of zinc tested. Testhickens for fattening, which studied zinc
sources, showed a similar effect of zinc in theovgng (Salim et al., 2012; Zakaria et al., 2017).
Meat color on the loin differed in L* and B* whenpplemented with the organic source of zinc,
being the lowest value when the organic source wgasl (Table 2). Meat color is an indicator of
meat quality, and zinc has the ability to join mipdign and increase oxygenation, which permits
the maintenance of color (Zakaria et al., 2017)e Pk, CRA, Protein content, fat, and humidity
(data not shown) showed no differences, but caflagentent was affected in loin; it was
significantly lower when the organic source wasduse

Table 2. Effect of different zinc sources and sappntation levels on growth performance, meat
quality, and zinc content in White New Zealand ithb

Variable ZnS0O, ZnMet Zn source Zn level P-value

Control 25 75 25 75 ZnSO, ZnMet 25 75 Source Level SxL
BW (kg) 2.03 2.05 2.01 2.01 2.13 2.03 2.07 2.03 2.07 0.355 0.445 0.094
Con (kg) 3.32 3.26 3.34 342 3.45 3.30 3.43 3.34 3.40 0.114 0.468 0.734
FCR (kg) 3.78 3.53 3.91 3.87 3.68 3.72 3.77 3.71 3.79 0.602 0.359 0.005
GS1(g) 32.82 3422 3195 3193 38.66 33.0 35.29 33.07 3531 0.346 0.400 0.091
GS2 (g) 374 37.07 35.94 35.60 40.13 36.50 37.8 36.33 38.0 0.391 0.334 0.110
GS3 (g) 36.12 36.97 35.18 37.65 37.23 36.08 37.44 373 36.21 0.887 0.550 0.711
GS4 (g) 34.23 38.39 34.27 34.74 32.17 36.3 334 36.56 33.22 0.137 0.051 0.649
Leg
L* 48.75 48.04 48.38 46.64 4597 48.21 46.31 47.34 47.17 0.486 0.895 0.692
A* 18.09 18.32 17.24 17.48 17.53 17.81 17.51 17.9 17.37 0.653 0.410 0.363
B* 5.30 5.37 5.15 5.15 4.86 5.26 5.0 5.26 5.0 0.841 0.443 0.924
Col 1.17 1.22 1.22 1.15 1.15 1.22 1.15 1.19 1.18 0.121 0.897 0.990
Loin
L* 47.67° 47.17 4656 4330 4434 46897 43.82° 4523 4542 0.024 0.847 0.448
A* 12.16 11.48 12.09 11.99 11.52 11.78 11.76 11.73 11.80 0.837 0.895 0.348
B* 417° 3.83 4.53 3.94 3.49 4.16° 3.71° 3.88 4.01 0.019 0.563 0.011
Col 1.17 1.22 1.20 1.08 1.09 1.21° 1.09 1.15 1.14 0.032 0.943 0.786
Zinc content (mg. kg’l)
Serum 2.86° 2.55 2.16 2.53 2.27 2.35 24 254° 221" 0776 0.030 0.660
Liver 38.21 40.58 33.59 31.32 33.92 37.08 32.62 35.95 33.75 0.097 0.410 0.070
Loin 9.20° 14.07 9.81 11.53 10.03 1194 10.78 1287 9.92% 0345 0.020 0.260
Leg 10.79 10.15 12.69 11.79 10.48 11.42 11.13 10.97 11.55 0.767 0.570 0.070

BD= Body weight, Con= feed intake, FCR= feeghversion ratio, GS1= weekly gain 1, GS2= weelding®, GS3=
weekly gain 3, GS4, weekly gain 4, L*= Lightness=Aedness, B*= yellowness, Col= Collagen, CRA= evétolding
capacity. Different letter indicate difference sfgrant (P<0.05) (n=10) * Recovery of Zn was 87+4(f&3).

The highest content of zinc in serum was presebyecontrol treatment (Table 2), which have no
zinc supplementation, only with the mentioned idggats in the supplied diet. This could be
related to the utilization of zinc through fecedtrsess. Contrary to what we have assumed, the
highest levels of inclusion were those with thedstwontent of circulating zinc in serum (p=0.03).
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This is due to zinc is circulating and small amoahtstorage for the element is accomplished.
Meanwhile, in liver, it has presented the highemttent of zinc, this shoes that such organ is
responsible for the distribution of minerals to U¢éhorganism. There was no greater retention of
zinc when it was supplemented with different sosraed levels of zinc. Therefore we assume that
there is low amounts of availability of the eleménthe diet, the organism through physiological
processes make an efficient use and reuse of éneeal, and could occur by ingesting soft feces
from coprophagy, they are composed of protein, anaicids, B-complex vitamins and minerals
(Blas and Wiseman 2010), although the proportiomioferals they reuse is still unknown. In loin,
there were differences in the level of zinc inaus{p= 0.02); the level 25 ppm had the highest zinc
content in meat, while the inclusion of 75 ppm wasater than the control. In leg, there were no
significant differences.

A greater deposition of zinc in rabbit meat conttés to generate a functional product which meets
the nutritional requirements of zinc in humansgcsimeat is the main source of zinc for the human
diet (Salim et al. 2012). More studies with differéevels of zinc are needed to find out the best
response in zinc deposition in rabbit meat.

CONCLUSION

The study has shown that zinc supplementation drowieat-color was affected by the organic
source. A smaller amount of collagen was foundaisiite organic source. The level of 25 mg'Kg
of zinc improves deposition of this element in loieat in rabbits for fattening. Economically, the
loin is the most important portion for human congtion.
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(Alikwe et al., 2011 ; Sloup et al., 2017; Meshreky et al., 2015; National Academy of Sciences, 2005, Maret, 2013),



MATERIALS AND METHODS

v" Ethical statement:(Colegio de Postgraduados,

2016)

v" Animals: A total of 100 NZW rabbits, weighing
905.1 + 50.5 g, were randomly assigned to five
treatments.

v A basal diet was formulated (Table 1).

* Group control without zinc additionssp-Treatment 1

MINERALS
SOURCE <

(‘

ZINC
SULPHATE

ZINC

QAETHIONINE

25 pPM  walp. Treatment 2

75 ppm == Treatment 3

25 ppm ==l Treatment 4

75 PPM ey Treatment 5

Table 1. Composition of basal diet for fattening rabbits on dry matter basis

Ingredient Amount % Calculated composition

Alfalfa meal 48.70  Digestible energy (kcal kg™) 2185
Wheat bran 30.00 Crude protein! 15.72
Tejocote meal* 10.00  Crude fibre! 15.67
Maize 7.50  Dry matter! 89.56
Cane molasses 1.00  Ether extract! 3.83
Colza oil 1.00  ADF! 22.31
Vitamins Premix T 0.10 NDF! 32.94
Minerals premix T 0.30 Zinc (mg kg!)! 25.5
Aminoacids* 0.53

Salt (NaCl) 0.10

Sodium bicarbonate 0.37

Dicalcium phosphate 0.20

Coccidiostat 0.10

I Analysed value were determined using standard procedures of AOAC (2005) and

Van Soest et al. (1991).



MATERIALS AND METHODS

Study variables

» Growth perfomance
» Meat quality
» Mineral deposition in muscle

Anderson (2007); Lopez-Alonso et al. (2017); Hassan et al. (2017)



RESULTS AND DISCUSSION

Table 2. Growth performance of rabbits in response to dietary supplementation with zinc form inorganic or organic
source (mean = SD).

Zn source Zn concentration P-value
ftems Control £nSO,  ZnMet SEM 25 75 SEM Source  Conc
BW 35.1 354 35.9 1.96 35.8 36.6 1.95 0.346 0.400
Con 3320 3304  3433.8 30.59 3339  3344.7  29.59 0.088 0.324
FC 3.78 3.72 3.77 0.09 3.71 3.79 0.10 0.602 0.359
LW 2038 2031 2075 42.37 2035 2071  42.24 0.355 0.445

BW= Gain in week, Con= Feed intake week, FC= Feed conversion, LW= Live weight, Monohydrated zinc sulphate (ZnSO, H,O with 36.43% zinc), Zinc-
methionate (Zn-Met 12% zinc). SEM=Standard error of the mean. No statistical differences between treatments (P < 0.05)

(Nessrin et al., 2012; Chrastinova et al., 2015; Yan et al., 2017; Meshreky et al., 2015; Chrastinova et al., 2016)



RESULTS AND DISCUSSION

Table 3. Average values of rabbit meat quality indicators by adding two sources of Zn (Zinc sulphate and Zn-
Methionine) at two concentrations (25 and 75 mg Zn kg!) in the diet.

Ttems Zn source P-value

Control ZnSO, ZnMet SEM Source
Hind leg

Luminosity (L) 48.75 48.21 46.31 1.16 0.486

Redness (A) 18.09 17.81 17.51 0.59 0.653

Yellowness (B) 5.30 5.26 5.01 0.31 0.841

Protein ! 21.97 22.09 22.29 0.15 0.215
AN EEREN LOin EEEEED®

Luminosity (L) =47.67% 46.892 ; 43.82"; 1.00 0.024*

Redness (A) 1216 11.78 AL76, 0.48 0.837

Yellowness(B) =4.172. 4.182 = 3.71°% 0.18 0.019*

Protein ! 2154 21.72 2178 0.16 0.708

"Expressed in g 100 g!. Zinc sulphate monohydrate (ZnSO, H,O with 36.43% zinc), Zinc-methionine (Zn-Met 12% zinc). SEM=Standard error of
the mean. *Different letters within rows indicate significant difference (P < 0.05)

Chrastinova et al., 2016; Cui et al., 2017; Meshreky et al., 2015



RESULTS AND DISCUSSION

Table 4. Average Zn retention values (ppm) in rabbit tissues by adding two sources of Zn (zinc sulphate
and Zn-methionate) to two concentrations (25 and 75 mg Zn kg!) on diet.

/n source Zn Concentration P-value
ftems Control 7 60,  ZnMet  SEM 25 75 SEM  Source  Concentration
Afipigigigiyl I E N EEEEEEEEEEEEEERS S =......‘
Serum ;':“%,L i:_ . _2_._3_5_"_ o 241b ' 0.110 2.54% =2 2150 (0.136 0.013 0.030
Liver 38.21 37.08 32.62 1.965 35.95 33.75 2.162 0.097 0.410

Hind leg 10.79 11.42 11.13 0.791 10.97 11.55 0.996 0.767 0.570

L

HEg

803 9.92% 1276 0345  0.022

PR N S

Loin = 920°% 11.94% 10.78%  0.936

Zinc Sulphate Monohydrate (36.43% zinc), Zinc-Methionate (12% zinc). SEM=Standard error of the mean. Different letters indicate significant
difference (P < 0.05) (n=10) * Analyte recovery of 874 % (n=3).

(Sloup et al., 2017; Nessrin et al., 2012; De Blas & Wiseman, 2010)



CONCLUSIONS

Did not affect growth performance in
rabbits.

The meat-color was affected by the organic
source.

The level of 25 ppm of Zinc improves the
deposition of this element in loin meat in
rabbits for fattening.

Asador g 800
2000/ 1.200 K,
Rostigor 0,800 / 1.200 Kg




