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1. Graded levels
2. Mn Proteinate (Bioplex Mn®)
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1. Universal testing machine, Instron Model 4301, USA.
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Table 1. Composition of nutrients in basal diets

(control)
Ingredient % of Diet
Corn 56.45
Soybean meal 36.00
Corn ail 3.05
Calcium carbonate 141
Dicalcium phosphate 1.76
Salt 0.45
DL-Methionine 0.26
L-Lysine 0.12
Vitamin premix* 0.25
Mineral premix? (no Mn) 0.25
Calculated value
AME,, kcal/kg 3050
Protein, % 22.00
Calcium % 1.00
Available P, % 0.45
TSAA®, % 0.97
Lysine, % 1.32
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1. Vitamin premix provided per kilogram of diet: vitamin A, 11000
1U; vitamin D3, 3528 IU; vitamin E, 33 IU; vitamin K3 0.91 mg;
riboflavin, 8 mg; calcium pantothenate, 18 mg; nicotinic acid, 55 mg;
pyridoxine hydrochloride, 5 mg; biotin, 0.221 mg; thiamine, 2 mg;
folic acid, 1 mg; vitamin B12, 28 pg; choline chloride, 478 mg.
2. Mineral premix provided per kilogram of diet: iron, 80 mg;

copper, 13 mg; zinc, 100 mg; selenium, 0.15 mg.
3. Total sulphur amino acids.
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Table 3. Analyzed Mn concentrations in experimental

diets
Mn source  Mn added (mg/kg)  Analyzed Mn (mg/kg)
None 0 24.6
Proteinate® 35 57
70 99.3
150 128
140 1584
Oxide 2 35 54.23
70 145
105 137
140 176
G Sl 535 g -

Al 2K asY
1. Manganese proteinate (Bioplex Mn®)
2. Mno Reagent grade
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Table 2. Amounts of heavy metals in manganese
proteinate (Bioplex Mn®)

Bioplex Mn® Lead Cadmium Arsenic
Sample (mg/kg)

1 4.084 0.574 2.055

2 3.661 0.576 1.988

3 3.908 0.564 2.226

Average+ SD 0.212+3.884 0.006+0.571 0.145+2.103

1S o Baseia WL ST 8 1 Jawgs oaubadgs .
1. Produced by Alltech Inc, KY, USA

1. Contrast
2. Orthogonal
3. Good Manufacturing Practices



Y-V

as ols olas (2012) Wang et al. iolejl b

S (asS e YAS Y- o) 55 Gl palas
Wi oRIPle e Slasgn 9 Sldee gl
4305 5 58b S b ey 5 (B Slgt
YL gshe G OlRtesn oal Gialesl o e
2 (PSS )3 e S e VAL 5 1Y) 0 18
03,5 obml gymesd o cuypd g oy 0Sles

ey e ST g Sl cadl By ;) Al o)) San 5 D

@l o w5 o Gjs oRIB S Sl see
oSl loanslie aSlulsl Ll i cowlice
Bascdl e lhazg> L ovalls jles slbazs>
i oy Sty i5ie |y oa3JaSe (slao e
odbodg ¥l 1K 8,5 due YO (gol> b 0 STyg>
oo wid oanlin (6)lo Sae Dglay STigz o SelS o
0> 4 0dbodg 8l 1iKie Gla.w a5 85 A ly

(F Jga) Clodgy 5o alae b o p » o

5390 VTN (e 50 ibsS sloaz gz 0 Slas g AlS — &3 6z 4 sdosgdl 1Ko gl g qilio 36 Jgor
Table 4. The effect of level and sources of Mn added into the corn-soybean meal diet on performance of broiler
chickens from 1-21 days of age

Performance

Effect

Feed intake (gr)

Body weight gain (gr) Feed Conversion Ratio

Source of supplemental manganes

Proteinate 1083.85 705.11 1.45
Oxide 1078.15 711.00 142
SEM 8.48 4.83 0.011
level of supplemental manganese (mg/kg)®
35 1084.62 700.79 1472
70 1082.71 723.03 1.41°
105 1068.28 704.69 1.43°
140 1088.39 703.13 1.44%
SEM 11.99 6.83 0.015
Interaction (source x level)®
Proteinate x 35 1071.98 684.74 150°
Proteinate x 70 1097.70 730.21 1.42°
Proteinate x 105 1063.23 707.81 1.41°
Proteinate x 140 1102.51 697.71 1.45%
Oxide x 35 1097.26 716.85 1.44°
Oxide x 70 1067.73 715.84 1.40°
Oxide x 105 1073.33 701.56 1.44°
Oxide x 140 1074.28 708.54 1.42°
SEM 17 9.68 0.021
Control (no supplemental of Mn) 1078.88 717.39 1.42
P value
Supplemental source of Mn 0.63 0.42 0.17
Supplemental level of Mn 0.65 0.095 0.044
Interaction (source x level) 0.604 0.073 0.044
Control vs. Mn proteinate 0.784 0.255 0.201
Control vs. Mn oxide 0.968 0.533 0.631
Control vs. Level of 35 mg added Mn* 0.773 0.161 0.042
Control vs. Level of 70 mg added Mn® 0.847 0.631 0.799
Control vs. Level of 105 mg added Mn® 0.596 0.282 0.631
Control vs. Level of 140 mg added Mn’ 0.633 0.227 0.352
Quadratic® 0.79 0.028 0.003
Linear® 0.84 0.62 0.78

(P <1+ 0) Wl s sime YS! (i3 S e By a5 51 m g ole 1 sl (i o slaeSils aC

sl 0318 YY1 Sls 9290 polie 51 S 0N
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a-c. The means in a column for each effect with no common superscripts differ significantly (P < 0.05).

1. Each value is the average of 32 birds
2. Each value is the average of 16 birds
3. Each value is the average of 8 birds

4,5, 6, 7. Similar level of two Mn sources were pooled and compared with control group.

8, 9. Control and experimental treatments
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Table 5. The effect of level and sources of Mn added into the corn-soybean meal diet on physical and
mechanical properties of tibia in broiler chickens from 1-21 days of age

Tibia content (%)

Bone breaking

Effect P Ca Ash strength (kg)
Source of supplemental manganese
Proteinate 19.0 37.4° 61.89 2.2
Oxide 19.1 38.7° 62.85 2.3
SEM 0.213 0.393 0.614 0.042
level of supplemental manganese (mg/kg)®
35 19.3 38.0 63.0 2.21
70 18.9 37.7 61.5 2.38
105 194 38.8 63.2 2.17
140 18.7 37.6 61.7 2.30
SEM 0.301 0.555 0.86 0.059
Interaction (source x level)®
Proteinate x 35 18.8 36.3% 61.2° 2.2
Proteinate x 70 18.6 36.5% 60.1° 2.3
Proteinate x 105 19.9 39.8° 64.8° 2.1
Proteinate x 140 18.7 37.0° 61.4°% 2.3
Oxide x 35 19.7 39.6° 64.7° 2.2
Oxide x 70 19.2 39.0% 62.9% 2.4
Oxide x 105 18.8 37.8 % 616 ® 2.2
Oxide x 140 18.8 38.3 ¢ 62.1% 23
SEM 0.427 0.788 1.23 0.084
Control (no supplemental of Mn) 18.5 34.1 62.6 2.4

P value

Supplemental source of Mn 0.658 0.023 0.276 0.300
Supplemental level of Mn 0.353 0.407 0.404 0.080
Interaction (source x level) 0.108 0.006 0.033 0.990
Control vs. Mn proteinate 0.385 0.0012 0.635 0.132
Control vs. Mn oxide 0.262 0.0001 0.890 0.378
Control vs. Level of 35 mg added Mn* 0.200 0.0006 0.827 0.116
Control vs. Level of 70 mg added Mn® 0.580 0.0011 0.513 0.967
Control vs. Level of 105 mg added Mn°® 0.143 0.0001 0.733 0.053
Control vs. Level of 140 mg added Mn’ 0.743 0.0015 0.604 0.426
Quadratic® 0.137 0.018 0.502 0.033
Linear® 0.531 0.0015 0.464 0.96

P <e[+0) wiyls )lssz_u WS i)l S jiie By oS Sl e g Jole o sl eiw 2 slo .Sl a-—C

el 0318 YY1 Kls 9290 polae 51 S 500N
ol osls V8 1 Sils g2 g0 polin 31 G 2 Y
ol osls A 1 ls g2 g0 polin 31 G o Y

loads aglie walis b g plesl po b 550 aie 98 ;0 5l leced zglas V 57 O F

o] sl g anls 09,5 A 5 A

a-c. The means in a column for each effect with no common superscripts differ significantly (P < 0.05).

1. Each value is the average of 32 birds
2. Each value is the average of 16 birds
3. Each value is the average of 8 birds

4,5, 6, 7. Similar level of two Mn sources were pooled and compared with control group.

8, 9. Control and experimental treatments
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Figure 1. The effect of level and sources of Mn on tibia Mn concentration of broiler chickens on day 21.
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Table 6. The effect of level and sources of Mn added into the corn-soybean meal diet on Mn concentration in tibia,
liver and kidney tissues of broiler chickens from 1-21 days of age.

Mn concentration (mg/kg DMY)

Effect Tibia liver Kidney
Source of supplemental manganese *
Proteinate 55 7.6 4.95
Oxide 54 7.5 4.9
SEM 0.104 0.167 0.108
level of supplemental manganese (mg/kg)?
35 3.9° 7.2 40°
70 52° 7.5 49°
105 6.1° 7.5% 52
140 6.6° 8.1% 5.6°
SEM 0.147 0.236 0.153
Interaction (source x level)®
Proteinate x 35 39 7.3 39
Proteinate x 70 5.3 7.6 5.1
Proteinate x 105 5.9 7.7 5.3
Proteinate x 140 6.8 8.0 5.4
Oxide x 35 3.8 7.0 43
Oxide x 70 5.1 7.5 4.8
Oxide x 105 6.9 7.3 5.1
Oxide x 140 6.5 8.2 5.9
SEM 0.208 0.335 0.217
Control (no supplemental of Mn) 2 5.3 3.2

P value

Supplemental source of Mn 0.64 0.56 0.6
Supplemental level of Mn 0.0001 0.044 0.0001
Interaction (source x level) 0.55 0.84 0.2
Control vs. Mn proteinate 0.0001 0.0001 0.0001
Control vs. Mn oxide 0.0001 0.0001 0.0001
Control vs. Level of 35 mg added Mn* 0.0001 0.0001 0.0001
Control vs. Level of 70 mg added Mn® 0.0001 0.0001 0.0001
Control vs. Level of 105 mg added Mn°® 0.0001 0.0001 0.0001
Control vs. Level of 140 mg added Mn’ 0.0001 0.0001 0.0001
Quadratic® 0.0102 0.914 0.114
Linear® 0.0001 0.0001 0.0001
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a-d. The means in a column for each effect with no common superscripts differ significantly (P < 0.05).

1. Each value is the average of 32 birds
2. Each value is the average of 16 birds
3. Each value is the average of 8 birds

4,5, 6, 7. Similar level of two Mn sources were pooled and compared with control group.

8, 9. Control and experimental treatments
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Table 7. Relative bioavailability of Mn proteinate with reagent grade of Mn oxide by multiple linear regression based
on Mn content in tibia, kidney and liver

Relative value?  Confidence limits%

Tissue Mn source Equation Pvalue R? Slope + SE % Tower Upper
Tibia —ronate  Y=3.166+00242 in proteinate 93 .75 J0272+0.00180 1017 898 1135
ey POEIGE VST IUL OB o000 0a0 DNy wos
Liver Pr(c))t)z(eiiggte Y:6.8848::00.6(33()7707'\I>I/InrlJ proteinate 0010 011 888%188828 110 44 176

ot sl als platedr olgiee (U 5 el saaliinsa S8l e 50 3Sie aenST Cud opd p pSie Blitisn cud cupd ped I

2,15 YL (RD) (e oy a5 3,5 ool (RBV) ool s

1. Calculated from the slope coefficient of Mn proteinate to slope coefficient of each tissue. Each of the tissues indexed for relative bioavailability

value (RBV) when R? was high.
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ABSTRACT

This study was conducted to evaluate the relative bioavailability value of Mn proteinate and Mn oxide in
broiler chicks. A total of 432 day-old Cobb 500 commercial male broiler chicks were randomly
distributed into nine treatments with eight replicate pens of six chicks each. In a completely randomized
design experiment with a 2x4 factorial arrangement of two manganese sources (proteinate and reagent
grade of oxide) with four levels of supplemental manganese (35, 70, 105 and 140 mg/kg diet) was
provided by the use of a basal diet (control). Diets were fed from day one to 21 d of age. Manganese
sources did not affect feed intake, body weight gain and feed conversion ratio (FCR), but body weight
gain and FCR had a quadratic relationship with supplemental dietary Mn level. Tibia, kidney and liver
manganese concentrations increased linearly, with increasing dietary Mn level. Tissue Mn analysis
indicated that the tibia response to dietary Mn level was the greatest, followed by kidney and liver organs.
The slope ratio regression analysis for tibia manganese content with supplemental manganese level
revealed that the relative bioavailability value of manganese proteinate to Mn oxide was 101.7%. Thus,
the relative bioavailability of Mn proteinate and Mn oxide was almost similar in this study.

Keywords: Bioavailability, broiler chicks, manganese oxide, manganese proteinate, tibia.
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