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Introduction: Manganese is an essential trace element that is an activating component of many
essential enzymes such as alginase and pyruvate carboxylase. This is involved in carbohydrate,
lipid and protein metabolism, vital biochemical reactions (Hassan et al., 2020) and cofactor in
the synthesis of chondroitin sulfate. As cofactor plays a role to bone formation in broiler
chickens (Mwangi et al., 2019). Also, manganese plays a vital role in the antioxidant and
immune system of animals (Patra and Lalhriatpuii, 2020; Wang et al., 2018). In the production
of broiler chickens, manganese sources commonly used include inorganic Mn (Mn sulfate, Mn
carbonate and Mn oxide) and organic Mn (Mn chelated with amino acid and protein). Inorganic
sources of manganese are cheaper, although they have low digestibility (Tufarelli and
Laudadio, 2017; Yenice et al., 2015). Organic sources have excellent chemical stability and
high absorption efficiency. They have not been widely used in poultry diet due to different
quality levels of manufactured products, unpredictable effects and high cost (Tufarelli and
Laudadio, 2017; Brooks et al., 2012). Therefore, it is important to assess new sources of
manganese that have higher digestibility and lower cost. Manganese hydroxychloride is a group
of minerals which solubility in water is minimal, but it becomes more soluble in acidic
conditions in intestine (Wang et al., 2011). The purpose of this experiment was to investigate
the different levels and sources of manganese in the diet of broiler chickens by investigating
their effects on growth performance, immunity, the digestibility of different sources in different
solvents, and the digestibility using the technique of Everted Gut Sacs.

Materials and Methods: Manganese sulfate, organic manganese, and manganese
Hydroxychloride were obtained from Ariana Company. In order to measurement of the amount
of dry matter and ash, one gram in four repetitions was sampled from each of the sources. They
were dried at 105°C for 12 hours and dry matter was calculated through subtraction. Then samples
were transferred to the oven at 550°C for 16 hours and their ash content was determined. Finally,
they were digested in hydrochloric acid and passed through Whatman filter paper No. 42. After
making up to volume with mili-Q water, they were read by an atomic absorption device at a
wavelength of 520 to 560 nm (AOAC, 1995; Williams, 1972). In order to evaluate the solubility,
three samples (0.1 gr) were prepared and dissolved in 100 ml of 2% citric acid, 0.4% hydrochloric
acid and deionized water (Watson et al., 1970). For assessment ability to absorb minerals by the
technique of Everted Gut Sacs, 180 one-day-old broilers of the Ross 308 commercial strain were
fed from one to twenty-one days old with corn and soybean based (2018). On the 22nd day to the
28th day, they were fed with a diet free of manganese and on 29th day, they were starved for one
day and night. Chickens were grouped into three treatments with Hydroxychloride, organic and
manganese sulfate sources with 6 replications and 10 pieces per replication. Three parts were
selected from each replication for the test steps (Feng et al., 2006). Samples prepared from
jejunum and ileum in two buffers, Mis-Krebs and Tris-Krebs. In order to determine the relative
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bioavailability of different manganese sources, an experiment was conducted with 12 treatments
included four different levels of manganese (35, 70, 105 and 140 mg/kg) with three different
sources including Hydroxychloride, organic and sulfate.

Results and discussion: The highest amount of dry matter of manganese was related to
manganese sulfate (99.23%). The lowest was manganese hydroxychloride (92.58%). The highest
ash percentage was related to manganese hydroxychloride with 86.14% and the lowest was related
to organic manganese with 21.56%. The amount of manganese calculated after testing organic
sources, hydroxychloride and sulfate was 5.64, 34.64 and 34.47% respectively. The organic form
of manganese had the highest solubility in 2% citric acid and the lowest in deionized water with
96.12 and 34.14%, respectively. Manganese hydroxychloride also had the highest solubility in
2% citric acid solution. Manganese sulfate had the highest solubility in hydrochloric acid and the
lowest solubility in deionized water. In general, manganese sulfate had the highest solubility in
deionized water compared to the other two sources. Also, the highest solubility of organic
manganese in 2% citric acid was 96.12% in the whole experiment. It has been reported in studies
that binding minerals with proteins will be a weak chelate and when they are placed in solvents,
their chelate breaks easily and dissolve (Cao et al., 2000). The results related to performance traits
and primary and secondary response of antibody titer against sheep red blood cells (SRBC)
showed that experimental treatments had no significant effect on them.

Conclusion: The results showed that the highest solubility of the organic form of manganese in
citric acid and the lowest in deionized water with 96.12 and 34.13 receptivity. The source of
manganese hydroxychloride had the highest solubility in 2% citric acid and manganese sulfate
had the highest solubility in 0.4% hydrochloric acid. In general, the highest solubility of
manganese was in hydrochloric acid and the lowest in deionized water. The results of the
technique of inverted intestinal segments showed that the most absorption of manganese occurs
in the ileum, and these results were in line with the results of other researchers who had performed
this experiment in vitro and in vivo Among the experimental treatments, the highest absorption in
the technique of inverted intestinal segments was related to the organic source of manganese, and
the lowest was related to the form of sulfate, 3.25% and 1.99%, respectively. At the end, the use
of organic manganese in broiler diet is recommended due to its high absorption level.

Keywords: Chemical properties, Bioavailability, Everted Gut Sacs, Performance traits, Broiler
chicken
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Table 1- The ingredient and nutrient composition of basal diet to broiler chickens ( 1-37 days)

g . Y
) oeslel Ay
Bon) S o8 S5 1710 S5 1124 o 255
Ingredients (Percentage ini -
g ( ge) Starter 1-10 days ~ Grower 11-24 days Flnlsgs;SZS 87
=7 53.20 55.88 57.25
Corn
by ST s 55) 38.41 34.90 33.31
Soybean meal (CP 44%) ' ' '
P 2.02 2.02 2.02
Wheat
oSl oty 2,08 3.60 4.10
Vegetable oil ' ' '
alo
M o5 1.30 1.10 1.04
Calcium carbonate
Olawd
i el 182 1.65 1.40 1.31
Di-calcium phosphate
b Ko
F 0.42 0.42 0.40
Common salt
Jissio -DL
o 0.15 0.10 0.07
DL-Methionine
wpy L
s 0.21 0.08 0.00
L-lysine
oFR 0.06 0.00 0.00
Threonine
Y diely
e 0.25 0.25 0.25
Vitamin- premix
Y..e. . .
FXe g (oo JoSe 0.25 0.25 0.25
Mineral- Premix without manganese
0y (lond SluS 5
Chemical compounds of the diet
z . - “ 50
ME, kcal/kg
(2202 ) ¢8 oy 221 20.7 1.8
CP, % ' ' '
el 1.00 0.85 0.80
Ca%
.- B . a
e S s 0.47 0.42 0.39
Available P, %
(122) it LB 025 1.35 1.17 1.03
Digestible Lys % ' ' '
(12) e J g 0.48 0.42 0.39
Digestible Met% ' ' '
(1222) it LB s + (it 1.01 0.90 0.81

Digestible Met + Cyc, %



(o) e JE g3 0.89 0.78 0.70
Digestible Thr%
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3B12 selisy )5 0.15 BY uelisy p,5 0.125 BO uolig 5 0.3B5 uolig 5 3 B3 yuolivg p,5 1 B2 yuelisy p,5 0.825 Bl yuolisg p,50.18
el 1S 5 5 50

g 5Sa ogh g posth p5 Y g 25 Liun o5 Bisgy 8 1L cal £ 50 : ol e JoSia p,SkS 07

1Vitamin permix Supplied the following, per kilogram of diet: vitamin A, 11025 I1U; vitamin Ds, 3528 IU; vitamin E, 33 mg;
vitamin K3, 0.91 mg; Vitamin B1, 0.18 g; Vitamin B2, 0.825 g; Vitamin B3, 1.00g; Vitamin B5, 3.00g; Vitamin B6, 0.30g;
Vitamin B9, 0.125g; Vitamin B12, 0.15g; choline chloride, 50g;

2Mineral permix Supplied the following per kilogram of diet: Fe (Fe-sulfate), 50g; Zn(Zn-sulfate), 11g; 110 mg; Cu (Cu-
sulfate), 6g; I (calcum iodate), 1g; Se (Sodum selenite), 0.2 g.without Mn.
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Table 2- The order of the experimental treatments

Sesd
2 3 4 5 6 7 8 9 10 11 12
treatment
& S 55 PR 1S (uSg)rn e Slilge
source Organic manganese Manganese Hydroxychloride Manganese sulfate
ad ’L; ; /;;’gs o 35 70 105 140 35 70 105 140 35 70 105 140

kb 9 35 (bl slo oy 3 o LT 5 o LS 51Sie o3 (3) Jgo
Table (3) the amount of manganese added and analyzed in the starter, grower and finisher diets.

sl ) st
Starter grower Finisher
e ol od aslsl oo 5JUT oad 3L o 3JUT
Source Manganese added analyzed analyzed Analyzed
35 59.14 58.63 58.91
Il 5fee 70 82.43 80.14 78.69
Organic manganese 105 124.72 123.68 116.38
140 153.66 150.29 149.62
35 48.41 47.58 48.96
JECIURRN I SN 70 78.63 79.36 83.15
Manganese Hydroxychloride 105 119.16 121.20 120.28
140 148.36 147.92 151.28
35 37.65 39.63 38.91
JECSORCH TN 70 79.61 81.21 80.28
Manganese sulfate 105 121.13 118.63 120.25
140 147.71 151.27 150.28
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Table (4) chemical compositions of different manganese sources

LJ‘)‘i“" )*im-b‘)lf @Msg)v\:z-’b )‘;il.aQL&JW
Organic manganese Manganese Hydroxychloride Manganese sulfate
- 95.06 92.58 99.23
Dry matter
SRS
21.56 86.14 82.88
Ash
FKoo o yd
Manganese 5.64 34.63 34.47
percentage
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logl (o] b s 5 doe Slga oy &8 15315 s wials plo] S ¢ S, &S (] allas 5 (al., 2000
Cdde cyle Do) H5Somn pols adllas > Ll (Black et al., 1984) 55 3gg daly la LdusgS o s drgs 1>
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Table (5) Solubility of different sources of manganese in deionized water, 2% citric acid and 0.4%
hydrochloric acid

30> 0.4 sl S 85,00 2053 2t S s o593
0.4% hydrochloric acid 2% citric acid deionized water
.“Jl - 85.82 96.12 34.13
Organic manganese

FRee 1S (S g)hn

Manganese 64.35 83.02 34.07
Hydroxychloride

$ie Mg 82.46 74.99 39.31

Manganese sulfate

2 e ods b &5 3 Gl ol Cwl odd 555 6 Jada 10 039 dig)ly lalad ST I ol zols
) otaloil ol (5 093 9 (B G Ll 53 &5 351 i pl @l b e @l () g 28] o (31 poily
2 ol 5 Bluis a5 4l aslllas 45 (Ji et al. 2006a; Ji et al. 2006b; Bai et al. 2008) wsg o3l plox!
09155 Lol sl o 5Lt amajled jd 5Khe Ll oy a5 W0l )5 by ploul b ige (g9, »» 2006 JLo
Moshtaghie et ) cul peibl 9 pgis5 5|yt do > 14 312 Cuiy @ ld g adjled 1> 3K Ll &S W5 )S
239> Jobo 5 dug g5 @il 3)90 g s > 4l (o0 |y Slaios glo (315 o gl (@l 2006
2 o) g 9 a8 (gl adllan )3 b perbl Saxe dlge Lls Lol Joe a8 sy oo Ha5 4 b bl islej
Conl p9335 9 pedgd > ol Wil yiiw plp B U1 pebl bawgi (ggy i a5 Waly lis Ly plol 2008 Jls
Lol 3555 45 dze pgi3s ) 3iKie calidee mlie ds cubild &S o lis s pols asllle > (YU et al., 2008)
2L o (e BI85 39 5520 N i & sy b CallB (il o (65 42 9 3 (sne pithl
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Sl (5550 s gl 5 i (g 5520 Jl lin o8 25 S oliSd 5 (> el 392y g
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Table (6) Uptake percentage (%) of Mn as each source in the Everted sacs of jejunum and ileum of broilers at
29 days of age in 45 minutes

(32,9 poil] (325) P53
lleum % Jejunum %
o 5 3.254 0.702
Organic manganese
WL S b
. 2.30 0.665
Manganese Hydroxychloride
1.99° 0.560
Manganese sulfate
SEM 0.1514 0.0526
P.Value 0.0001 0.1754

Al Ao O o )3 )b re MBI g)ly ot G pd Sglite By b oo (ke ab
b Means within a row with different superscripts are significantly different at the p-value indicated for ANOVA.
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25 o 35 L oad 4 095 55 (Ss) 11-280m > lié s oy NS 5 (lo] (clo o
k5 G pd Sl s (e S1S0d (i 53 2Bl BRI (e polar WIS (S0 gt b 1S p)SolsS
3ol sl a8lie 368 sladagr a8 3Sles p iSe Gl 4 bgye la )15 s esalie i
(Brooks et al., 2012) clgugpm 3K dile jiKie calizee JS3I L ol sla JoSo a5 Wy lis lalllae
(Lu etal., 2006) ;Ko lilgus «(OlguN, 2017) 550 spuT <(Li et al., 2004) ;yuisg s b o oS 5
L9 JB b 4 (Pacheco et al., 2017) 5K aiel sl WS L «(Berta et al., 2004) ;5o <l)logd
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Table (7) Effect of different sources and levels of manganese on performance traits in Ross 308 broilers

Daily Feed Intake

aligy Cig o3l

Daily Weight Gain

ehe b cuype

Feed Conversion Ratio

s 1-10 11-23 24-35 1-35 1-10 11-23 24-35 1-35 1-10 11-23 24-35 1-35
trez;trﬁent 397 397 S S S S &S 39) S0 &S 39) &S39) 392 <392
starter  grower finisher  total  starter grower finisher Total starter grower Finisher  Total

1 26.07 81.36 132.47 83.62 24.70 48.88 70.60 48.55 1.06 1.66% 1.88 1.73

2 25.95 81.97 142.00 87.88 25.76 48.58 80.50 53.77 1.01 1.69% 1.76 1.63

3 26.29 84.14 13951 86.96 25.19 52.80 75.59 51.88 1.04 1.59P 1.85 1.68

4 26.41 83.76 133.46 86.61 25.84 50.29 74.33 50.04 1.02 1.67° 1.80 1.73

5 26.47 86.88 132.39 84.79 26.79 45.93 69.77 48.94 0.99 1.892 1.90 1.73

6 27.80 85.21 137.43 88.14 27.60 52.54 72.58 52.85 1.01 1.62° 1.89 1.67

7 26.89 8150 137.82 85.34 27.04 50.34 70.66 49.82 0.99 1.62° 1.95 1.71

8 26.94 84.80 135.48 86.97 25.60 46.84 76.37 51.69 1.05 1.81% 1.77 1.68

9 26.17 82.19 139.84 87.92 26.41 46.13 78.07 51.74 0.99 1.78% 1.79 1.70

10 24.99 81.90 13492 85.76 25.91 47.52 66.03 47.96 0.96 1.72% 2.04 1.79

11 27.80 84.45 133.38 84.52 25.82 47.24 70.58 48.23 1.08 1.79% 1.89 1.75

12 25.21 81.15 131.46 84.83 26.03 49.19 78.03 51.95 0.97 1.65% 1.68 1.63
”'“S'“E'I\j”‘& 0749 1541 2830 1001 0639 1645 3308 1856 0015 0027 0042 0027

G e Jein] s
P-VALUE
tcﬁl 0.2362 0.1827 0.1765 0.6779 0.2307 0.0559 0.1137 0.3853 0.1545 0.0057 0.1722 0.6345
sofjrnce 0.1443 0.1090 0.6212 0.8830 0.1870 0.0895 0.4463 0.6855 0.9313 0.0590 0.5988 0.7399
If\jgl 0.5048 0.9863 0.2012 0.5729 0.2463 0.1161 0.4561 0.5653 0.0870 0.0461 0.0798 0.7378
gietgha 0.2435 0.1075 0.1359 0.4282 0.3375 0.1438 0.0480 0.1861 0.1657 0.0195 0.2607 0.3412
Level*source

Iiﬁ;r 0.7632 0.9422 0.4541 0.9251 0.0461 0.1679 0.2702 0.5490 0.0462 0.1117 0.1519 0.4278
qu:d‘;zitbic 0.3495 0.8431 0.0473 0.5251 0.7905 0.0445 0.3319 0.8040 0.2910 0.0191 0.0332 0.8580
Fé:t:i?(;a 0.2444 0.7573 0.7636 0.2121 0.8908 0.9921 0.5070 0.2079 0.2071 0.7614 0.6154 0.4443

A 1y D s )3 5 ine B (glyl> st Sy )5 Sglite g b ole Sl
o b 35%i0 p 5ol p)S (ao M+ g Vo0 Yo XD Jold sy 4t F BV o
SIS S5y e b 555m 5SS e Vo 510 Y+ YD ol i 4 A B D s

#bMeans within a row with different superscripts are significantly different at the p-value indicated for ANOVA.
Treatments 1 to 4: containing 35, 70, 105 and 140 mg/kg of manganese with an organic source, respectively.

Treatment 5 to 8: including 35, 70, 105 and 140 mg/1 manganese with hydroxy chloride source, respectively.
Treatment 9 to 12: including 35, 70, 105 and 140 mg of manganese oil with sulfate source, respectively.
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Table (8) The effect of different sources and levels of manganese on the primary and secondary response
of antibody titers against sheep red blood cells (SRBC) of broilers (29 and35 days age)

Jsl 3o £ &)
SNy First injection Second injection
treatment (mg/dl) (mg/dl)
IgM1 1gG1 Total Igl IgM2 19gG2 Total 1g2
1 3.6 3.4 7.0 3.4 3.6 7.0
2 3.2 4.0 7.2 2.8 3.2 6.0
3 4.6 4.0 8.6 3.0 2.2 52
4 4.0 4.4 8.4 2.8 4.0 6.8
5 2.6 5.2 7.8 4.0 2.6 6.6
6 4.0 3.6 7.6 2.2 2.2 4.4
7 4.4 5.0 9.4 1.8 3.4 5.2
8 3.8 4.2 8.0 2.4 2.4 4.8
9 3.4 5.2 8.6 2.8 3.0 5.8
10 3.8 4.6 8.4 2.4 3.8 6.2
11 3.6 3.8 7.4 2.0 2.0 4.0
12 3.6 3.8 7.4 2.6 2.2 4.8
SEM 0.7036 0.8236 0.551 0.6610 0.8631 0.8935
5yl slas ' ' ' ' ' '
P-Value
S (e g Sl
5 0.8472 0.8502 0.2821 0.6017 0.7607 0.3322
Total
g 0.8802 0.6238 0.2160 0.4823 0.5778 0.6859
Source
Ig\l:l 0.3876 0.8617 0.6779 0.1801 0.8574 0.0468
Gogias 0.8213 0.6160 0.1954 0.8447 0.4940 0.7354
Source*level
LT];; 0.2051 0.5752 0.6750 0.1341 0.6134 0.1269
F e 0.2914 0.6759 0.2546 0.1034 0.7395 0.2255
Quadratic
Py 222 0.5745 0.6182 0.8887 0.9072 0.5329 0.1808

cubic
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Treatments 1 to 4: containing 35, 70, 105 and 140 mg/kg of manganese with an organic source, respectively.
Treatment 5 to 8: including 35, 70, 105 and 40 mg/1 manganese with hydroxy chloride source, respectively.
Treatment 9 to 12: including 35, 70, 105 and 140 mg of manganese oil with sulfate source, respectively.
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