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Abstract

This study aims to examine the effects of a zinc-amino acid complex on production efficiency
and meat quality. A total of 525 male ROSS 308 broilers were used in a completely randomized
design and divided into five groups: T1- 80 me/kg of inorganic zinc, T2- 105 meg/ke of organic zinc
(Zn-AA), T3- 75 mg/kg of organic zinc (Zn-AA), T4- a combination of 40 mg/kg of organic and 40 mg/
ke of inorganic zinc (Zn-AA + Zn0), and T5- a combination of 40 mg/kg of organic and 40 mg/kg of
inorganic zinc (Zn-Gly + ZnQ). Between days 11-24, significant differences were observed in body
weight (BW), body weight gain (BWG), average daily gain (ADG), feed conversion ratio (FCR), and
European production efficiency factor (EPEF) (p<0.05). The Zn-AA supplemented groups (T2, T3, T4)
exhibited the highest BW, BWG, and ADG values (p<0.05), while T2 and T3 had the lowest FCR
(p<0.05). Over the 36-day study period, BW, BWG, ADG, and FCR varied among groups, with T2
demonstrating the most optimal performance (p<0.05). The T3 group showed the lowest incidence
of pododermatitis, with statistical significance (p<0.001). Significant differences were also observed
in net profit return (p<0.05), with the T2 group (105 mg/kg Zn-AA supplementation) achieving the

highest value.

Keywords: Organic trace minerals; Zinc; Production performance; Broiler chickens
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Table 1 Components of animal feed ingredients used in the broiler experiments in all 3 phases of

the experiment.

Raw materials

Starter (1-10 day)

Grower (11-24 day)  Finisher (25-36 day)

Corn 50.15 52.96 57.76
Soybean mill (48%Protein) 40.60 3717 32.11
Rice bran oil 4.70 5.74 6.40
Monocalcium Phosphate-22 1.54 1.36 1.22
Limestone 1.43 1.30 1.19
Salt 0.58 0.48 0.29
Sodium bicarbonate - 0.15 0.30
DL-methionine 0.34 0.28 0.25
L-Lysine 0.19 0.12 0.12
L-Threonine 0.10 0.07 0.04
Choline chloride 60% 0.08 0.08 0.08
Antioxidant and toxin binder 0.16 0.16 0.16
Anticoccidial 0.05 0.05 -
Vitamin premix 0.08 0.08 0.08
Total (kg) 100.00 100.00 100.00
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douvadu 4 svog WWud Sasillaidosny 1 - 10 fu
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dall shaingifiudy (Body weight gain; BWG)
dminiedefifindudesine u (Average daily
body weight Gain; ADG) USunaun1siuenisiade
siofsioiu (Average daily Feed Intake; FI) way
§msansuaniile (Feed conversion ratio; FCR)
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Table 2 Chemical composition of the experimental diets of broilers in all 3 phases of the experiment.

Nutrient profile

Starter (1-10 day)

Grower (11-24 day) Finisher (25-36 day)

Metabolizable Energy, Kcal/Kg 3000.00 3100.00 3200.00
Crude Protein, % 23.00 21.50 19.50
Fiber, % 3.58 3.44 3.25
Fat, % 7.09 8.18 8.93
Methionine, % 0.68 0.61 0.56
Methionine + Cystine, % 1.08 0.99 0.91
Lysine, % 1.44 1.29 1.16
Threonine, % 0.97 0.88 0.78
Valine, % 1.11 1.04 0.95
Calcium, % 0.96 0.87 0.79
Total P, % 0.72 0.67 0.62
Available P, % 0.48 0.44 0.39
Na, % 0.23 0.23 0.20
*DEB, mEg/kg 253 255 247

DEB = Dietary Electrolyte Balance

2.5 Maifudegnedyguineidedelusléisn

dufufegraidedoludldiinainngy
nAaRafl 1 2 uay 4 Weiduiunuvesnguitliussn
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(microtome; Thermo Scientific, Waltham, USA)
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Varistain-Gemini, Thermofisher Scientific,
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wuulduas (Leica DM LB2 Digital, Leica

Microsystems, Wetzlar, Germany)
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Table 3 Effects of organic mineral zinc amino acid complex supplementation on BW, BWG, ADG,

feed intake, FCR, and EPEF of broiler production performance.

Items T1 T2 T3 T4 T5 P-value SEM
Initial body weight (g) 41.21 41.21 41.21 41.21 4120 0999  0.126
Starter (1-10 days)
Body weight (g) 312.73 324.07 324.04 322.94 32060  0.171  10.007
Body weight gain (g) 271.52 282.86 282.83 281.73 279.40 0.172  10.025
Average daily gain (g) 27.15 28.29 28.28 28.17 2794 0173 1.002
Feed intake (g) 262.10 267.85 268.70 267.68 26202 0302  7.902
Feed conversion ratio 0.97 0.95 0.95 0.95 0.94 0.119 0.001
EPEF 281.49 298.85 297.74 296.59 29798  0.132 14737
Grower (11-24 days)
Body weight (g) 1531.11°  1587.49°  158322°  1577.31° 1548.09" <0.001  32.109
Body weight gain (g) 1218.37°  1263.42°  1259.18°  1254.37° 1227.49°  0.002  28.802
Average daily gain (g) 87.03° 90.24° 89.94° 89.60" 87.68°  0.002  2.057
Feed intake (g) 14233 1399.40 1399.55 1417.29 140046 0380  29.154
Feed conversion ratio 1.17° 1.11° 1.11° 1.13™ 1.14°  <0.001 0.031
EPEF 738.15° 807.23° 793.50™ 785.46" 76138 0002  39.032
Finisher (25-36 days)
Body weight (g) 2736.87°  2798.16°  2780.13 275598  2746.65° <0.001  33.244
Body weight gain (g) 1205.77 1210.67 1196.91 1178.67 119857  0.4436 32877
Average daily gain (g) 92.75 93.13 92.07 90.67 92.20  0.4435 2.529
Feed intake (g) 1941.26 1903.00 1917.76 1922.46 193847 09021  78.127
Feed conversion ratio 1.61 1.57 1.60 1.63 1.62 0.6228 0.071
EPEF 565.72 575.84 575.54 550.63 57193 05954  0.595
Overall (1-36 days)
Body weight (g) 2736.87°  2798.16°  2780.13°  2755.98®  2746.65° <0.001 33.244
Body weight gain (g) 2695.66°  2756.95° 273892 271477 270545 <0.001  33.225
Average daily gain (g) 72.86° 74.51° 74.02 73.37%° 73.12*  <0.001 0.898
Feed intake (g) 3626.67 3570.25 3586.02 3607.42 360095  0.854  94.449
Feed conversion ratio 1.35° 1.29° 1.31% 1.33% 1.33°  0.046  0.035
EPEF 526.41 553.32 555.02 541.65 544.85 0214 25113

*P< Values on the same row with different superscripts differed (P< 0.05), T1= Inorganic zinc, T2= 105Zn-AA, T3=
75Zn-AA, Td= Zn-AA+Zn0O, T5 = Zn-Gly+ZnO, EPEF= European Production Efficiency Factor
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Table 4 Effects of the organic mineral zinc-amino complex on small intestinal morphology in

broilers.
ltems T1 T2 T4 P-value SEM
Duodenum
Vili height (um) 1798.37 1859.36 1860.30 31.640 0.680
Vili crypt depth (um) 251.22 236.22 229.39 7.062 0.457
Villus height: Crypt depth ratio 7.62 8.46 8.25 0.318 0.555
Base width (um) 299.70 310.10 297.30 9.741 0.863
Jejunum
Vili height (um) 1251.47 1161.93 1261.91 27.887 0.287
Vili crypt depth (um) 165.60 175.44 175.29 5.066 0.684
Villus height: Crypt depth ratio 7.83 6.84 7.45 0.201 0.129
Base width (um) 279.80 270.60 262.96 9.405 0.783
Illeum
Vili height (um) 1066.85 950.82 977.92 27.434 0.201
Vili crypt depth (um) 185.86 165.60 193.32 6.580 0.212
Villus height: Crypt depth ratio 6.03 5.90 5.20 0.189 0.159
Base width (um) 294.10 297.90 283.28 8.114 0.766

T1= Inorganic zinc, T2= 105Zn-AA, T3= 75Zn-AA, Td= Zn-AA+Zn0O, T5 = Zn-Gly+Zn0O

3.3 Nammmil,a'%uLLi'smSuw%'e‘icéia@mmmﬁa
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Table 5 Effects of the organic mineral zinc-amino complex on white striping of chicken meat.

White striping score (%)

Treatments
0 (Normal) 1 (Moderate) 2 (Severe) Total

T1 (Inorgainc zinc) 7 (1.36) 48 (9.32) 49 (9.51) 104 (20.19)
T2 (105Zn-AA) 11 (2.14) 50 (9.71) 43 (8.35) 104 (20.19)
T3 (75Zn-AA) 14 (2.72) 32(6.21) 57 (11.07) 103 (20.00)
T4 (Zn-AA+Zn0O) 9 (1.75) 40 (7.77) 54 (10.49) 103 (20.00)
T5 (Zn-Gly+Zn0O) 11 (2.14) 31 (6.02) 59 (11.46) 101 (19.61)
Total 52(10.10) 201 (39.03) 262 (50.87) 515 (100.00)
P-value 0.098

Table 6 Effects of the organic mineral zinc-amino complex on the formation of wooden breast of

chicken meat.

Wooden breast score (%)

Treatments
0 (Normal) 1 (Moderate) 2 (Severe) Total

T1 (Inorgainc zinc) 25 (4.85) 29 (5.63) 50 (9.71) 104 (20.19)
T2 (105Zn-AA) 27 (5.24) 41 (7.96) 36 (6.99) 104 (20.19)
T3 (75Zn-AA) 13 (2.52) 42 (8.16) 48 (9.32) 103 (20.00)
T4 (Zn-AA+Zn0O) 25 (4.85) 37(7.18) 41 (7.96) 103 (20.00)
T5 (Zn-Gly+Zn0O) 18 (3.50) 46 (8.93) 37(7.18) 101 (19.61)
Total 108 (20.97) 195 (37.86) 212 (41.17) 515 (100.00)
P-value 0.071

Table 7 Effects of the organic mineral zinc-amino complex on the occurrence of breast bleeding

in chicken meat.

Breast bleeding score (%)

Treatments
0 (Normal) 1 (Moderate) 2 (Severe) Total
T1 (Inorgainc zinc) 82 (15.92) 16 (3.11) 6(1.17) 104 (20.19)
T2 (105Zn-AA) 81 (15.73) 13 (2.52) 10 (1.94) 104 (20.19)
T3 (75Zn-AA) 87 (16.89) 11 (2.14) 5(0.97) 103 (20.00)
T4 (Zn-AA+Zn0) 78 (15.15) 11 (2.14) 14 (2.72) 103 (20.00)
T5 (Zn-Gly+Zn0O) 92 (17.86) 6(1.17) 3(0.58) 101 (19.61)
Total 420 (81.55) 57 (11.07) 38 (7.38) 515 (100.00)
P-value 0.038
56
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Table 8 Effects of the organic mineral zinc-amino complex on pododermatitis of broilers.

Pododermatitis score (%)

Treatments

0 (Normal) 1 (Moderate) 2 (Severe) Total
T1 (Inorgainc zinc) 140 (13.59) 47 (4.56) 21(2.04) 208 (20.19)
T2 (105Zn-AA) 140 (13.59) 34 (3.30) 34 (3.30) 208 (20.19)
T3 (75Zn-AA) 181 (17.57) 14 (1.36) 11 (1.07) 206 (20.00)
T4 (Zn-AA+ZnO) 148 (14.37) 40 (3.88) 18 (1.75) 206 (20.00)
T5 (Zn-Gly+Zn0O) 134 (13.01) 42 (4.08) 26 (2.52) 202 (19.61)
Total 743 (72.14) 177 (17.18) 110 (10.68) 1030 (100.00)
P-value <0.001

Table 9 Effects of the organic mineral zinc-amino complex on pop-up, dislocation of broiler.

Pop-up, dislocation score (%)

Treatments

0 (Normal) 1 (Moderate) 2 (Severe) Total
T1 (Inorgainc zinc) 204 (19.81) 4(0.39) 0 (0.00) 208 (20.19)
T2 (105Zn-AA) 207 (20.10) 1(0.10) 0 (0.00) 208 (20.19)
T3 (75Zn-AA) 204 (19.81) 2(0.19) 0 (0.00) 206 (20.00)
T4 (Zn-AA+Zn0O) 205 (19.90) 1 (0.10) 0 (0.00) 206 (20.00)
T5 (Zn-Gly+ZnO) 198 (19.22) 4(0.39) 0 (0.00) 202 (19.61)
Total 1018 (98.83) 12 (1.17) 0 (0.00) 1030 (100.00)
P-value 0.4138

Table 10 Effects of the organic mineral zinc-amino complex on wing fractures of broilers.

Wing fracture score (%)

Treatments

0 (Normal) 1 (Moderate) 2 (Severe) Total
T1 (Inorgainc zinc) 203 (19.71) 3(0.29) 2(0.19) 208 (20.19)
T2 (105Zn-AA) 207 (20.10) 0 (0.00) 1(0.10) 208 (20.19)
T3 (75Zn-AA) 205 (19.90) 1(0.10) 0 (0.00) 206 (20.00)
T4 (Zn-AA+Zn0O) 203 (19.71) 3(0.29) 0 (0.00) 206 (20.00)
T5 (Zn-Gly+Zn0) 201 (19.51) 1(0.10) 0 (0.00) 202 (19.61)
Total 1019 (98.93) 8(0.78) 3(0.29) 1030 (100.00)
P-value 0.2813
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Table 11 Effect of organic mineral zinc-amino complex on economic returns.

ltems T1 T2 T3 T4 T5 P-value SEM
Feed cost (bath/kg)

Starter (0-10 day) 16.09 16.19 16.15 16.10 16.10 - -

Grower (11-24 day) 16.13 16.23 16.19 16.14 16.14 - -

Finisher (25-36 day) 15.95 16.05 16.01 15.96 15.96 - -
Feed cost per gain (FCG) 21.57 20.89 21.07 21.32 21.36 0.165  0.550
Feed cost of bird (FCB) 58.15 57.61 57.72 57.88 57.77 0.973 1.490
Salable bird return (SBR) 11495  117.52° 11677 11575®°  11536° <0.001 1.400
Net profits return (NPR) 56.80° 59.92° 59.05" 57.87%" 57.58®  0.004 1.780
Return of investment (RO, %) 97.82 104.06 102.41 100.02 99.86  0.166  5.070

**“values on the same row with different superscripts differed (P< 0.05), T1= Inorganic zinc, T2= 105Zn-AA, T3=
75Zn-AA, Td= Zn-AA+Zn0, T5 = Zn-Gly+Zn0, FCG = (Feed intake x Feed cost) / BWG, FCB = Feed intake x Feed cost,
SBR = Live chicken price x BW, NPR = SBR - FCB, ROI = [(SBR - FCB) / FCB] x 100
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