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Introduction: Since the last two months of pregnancy (late pregnancy) constitute 75% of fetal growth, enriching
the mother's diet can have positive consequences on the health and overall performance of the mother and children.
Manganese functions in the immune system in different ways, including its activity in antioxidant pathways, its
role in phagocytic activity, and maintaining the structural integrity of epithelial barriers against infection.
Manganese deficiency can lead to dysfunction of innate and acquired immune systems in different species.
Manganese toxicity is rarely observed. However, the main toxic effects attributable to this element are
cardiotoxicity, hepatotoxicity, as well as deposition in specific components of the basal ganglia, and alteration of
dopaminergic neuroenzyme activity. Diet enrichment with organic manganese increased feed consumption and
improved dry matter digestibility in lambs. It has been documented that maternal manganese status is vital for
ewe’s performance and the health of their newborn lambs. But, the required level and form of dietary manganese
in ruminants are not well defined. Therefore, this study aimed to assess the influence of organic manganese
supplementation on the performance, digestibility, milk yield and composition of Afshari ewes in the transition
period, and the health of their lambs,

Materials and methods: For the present study, 24 single pregnant ewes were selected. They were kept in separate
boxes (1 x 1 m?) with a concrete floor covered with straw during the experiment. Twenty-four lambs were born
in three days from the experimental ewes. Forty-two days before lambing, the ewes were fed a diet rich in organic
manganese. Water was also provided freely and separately. The experimental treatments included: 1. The first
group (T1) was fed with the basal diet, 2. The second group (T2) was fed the basic diet enriched with 40 mg of
organic manganese per kg DM (recommended by NRC), and 3. The third group (T3) received a basal diet enriched
with 80 mg of organic manganese per kg DM (twice recommended by NRC). In this study, organic manganese
(amino-manganese) contains an element of manganese and methionine, which are ionically connected. The diets
of ewes were balanced using the NRC software. To calculate the weight change of the ewes, they were weighed
five weeks before lambing, on the day of lambing, and five weeks after lambing. Also, the lambs were weighed
on the day of birth and at the time of placental discharge. Feces and feed samples were collected in the last week
for five days to test the digestibility of dry matter of ewes. They were determined in neutral detergent (NDF) by
the Van Suest method, and crude protein and crude ash were measured according to the official Association of
Analytical Chemists (AOAC) methods. The concentrations of fat, protein, lactose, and milk solids were measured
by the Milkoscan device (MilcoscanTMS50-76510). A flame atomic absorption spectrometer model (Shimadzu-
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AA-670) with a wavelength of 279.5 nm was used to measure the magnesium concentration of milk. The feces of
the lambs were evaluated daily. Stool scores were determined based on 1. Hard and consistent, 2. Soft and loose,
3. Loose and watery, 4. Watery with some blood, and 5. Watery with blood and mucus.

Results and discussion: At the end of the experiment, the weight and average feed consumption of ewes after
delivery were influenced by organic manganese supplementation and showed a significant increase (P<0.05).
While before delivery, there was no significant difference between the experimental treatments regarding the
weight of the ewes (P>0.05). Also, the birth weight of the lambs and the time of placental discharge were not
affected by the experimental treatments (P>0.05). The addition of different levels of organic manganese in the
diet of ewes did not have a significant effect on digestibility parameters (dry matter, organic matter, crude protein,
NDF, ADF, and ether extract) during the transition period (P>0.05). Supplementation of organic manganese in
the diet of pregnant ewes during the transition period did not affect milk production (P>0.05). However, the
amount of fat and solids in milk increased in the treatments with organic manganese supplementation, and this
amount was higher in the animals that received 40 mg of organic manganese per kg DM (P>0.05). Also, the
concentration of manganese in milk increased in animals that received organic manganese. In the present study,
stool consistency improved under the effect of organic manganese supplementation. The number of lambs
suffering from diarrhea and the average number of days suffering from diarrhea decreased significantly (P<0.05)
due to the consumption of organic manganese supplements by the mother during the transfer period. Manganese
is a nutrient associated with health and immunity. On the other hand, there is a close relationship between the
antioxidant status of the body and the health of the animal because manganese plays a role in the structure of
antioxidant enzymes such as superoxide dismutase (SOD).

Conclusions: According to the results of this study, organic manganese acts as a valuable and safe supplement
that can be used to improve the ewe’s performance and the health of newborn lambs.

Keywords: Diarrhea, Newborn lambs, Milk, Manganese, Afshari ewe

Ethics statement: This study was conducted with the full consideration of animal welfare and the approval of
this study was granted by the Ethics Committee of Gorgan University of Agricultural Sciences and Natural
Resources, Iran.

Data availability statement: The data that support the findings of this study are available on request from the
corresponding author.

Conflicts of interest: The authors declare no conflicts of interest.

Funding: The authors received no specific funding for this work.

Acknowledgments: Department of Animal and Poultry Nutrition of the Gorgan University of Agricultural
Sciences and Natural Resources is acknowledged for providing farm and laboratory facilities to conduct this study.

How to cite this article:

Asadi, M., Toghdori, A., Ghoorchi, T., & Hatami, M. (2023). Influence of organic manganese
supplementation on performance, digestibility, milk yield and composition of Afshari ewes in the transition
period, and the health of their lambs. Animal Production Research, 12(1), 1-12. doi:
10.22124/AR.2023.23808.1752




Gn‘é Olad g8 wlidss

T

<]

=]
@K AZ%

-
W QNN NVEY sl o loai/gnlss Jlo |
&/ s Is

'Animal Production Research

-

(S‘M 93 o

-0y OlaS 5 g algl s Calil (59 Ol 2 (JI 300 JoSo 5l

Fooilo o (o298 (B T (5 0l gl puSadlane < gul doo

OB sk @lio 5. 65,9LaS pole olKails ¢(cals pole ouSiails 9l g plo 4335 09 5«5 555 (92tils )
OB S sk o 555,58 pole olKadls ¢(oals pole ouSiadls gl g plo 43335 095 ¢ labinl =Y

OB sl @l 5 (6558 pole olails  sals pole 0aSiils (5ubo 5 @l 4345 09,5 ol -

S5 oSS o5 y5LES 00y «sold ke 05,5 epls (555050508 (555 syl F

OF YN iy 5= VFe Y/ VA 1,555 b — VB VYA sl s 4 ))

ouS

5 el Lol el il LT o g o5 (glmo s cosdls g o stono 0,Skas gl (g0l 5iKke el 45 sl 0 Cols
F8ie JoSa 5l guay 2 slate @ ol dalllan a0 (enl gi53 & OEALS JsFi 50 0y 1Sk LS )50 JS
JEzil )0 50 Ll olisi slooy cuodlas 5 (6,Lidl (o o SLuS 5 5 g el bl (59 Dlyds 2 pole 0y ]
s ooliasl o ine 0y walits )0 JaSe ool Sy fsie 4 T 5:Kke cilis sloclalé 5l psliie cpl gl o plov
55 JoSa Loz )55kS oS oo Ar g Fe @ald) jao b oS Wi i 05,5 aw & (ol j5boay ba e
Cordy rizped 5 Bt b SlaS 5 g Ay ean ol (s Slied slaazinld (ialesl (Ll 5o Wb 48
stz g FB Gl g e (59 Ol )0 Sgnp daaidl 285 13 (b5l 090 00 Wgie 03 (slaoy Jlowl g g9d0ke
@ Ml oy (eSilee 5 Jlemsl 4 die (slao p slas pizmen 3l GLaS ) o el Slge 5 (052 e glaclale o
Sl Wlsige a5 WS (o Jos ol g el JoSe oole S plyis 4 JT 58 gk oal ol 28l (el Sl

258 18 solaiwl 5,0 0l algie o3l (sloo p Codls g L yie (59 Sguge

6)L~a3‘ M - 6).&».0/ 61.».“) W ‘.\J}».o O)Li 6[.‘730}.’ 6JLQ/¢J‘ :‘5»)4\.15“ ‘Sbo')"‘g

toghdory@yahoo.com : Jgtue sdius ¢ :

doi: 10.22124/AR.2023.23808.1752



,b (Huerta et al., 2002) wsols las (518 o&Kiws
0 el 4 pmie Game olge St IS 50 (S Sl
Lol 4 (g yd 5 00l ()55 ol )5 yolis (ul Qi
&l (Siciliano-Jones et al., 2008) s oo uals |,
JECREN: SNET W W N NSt S
Sonte |y e (j (sol8 g losy; L (s
ol Bae plple (Qashqai et al., 2020) oy o
Sloaminl b 5 0y J 5550 JaSo B o sl
G et OS5 g wdgi ean Sl 5y Sl
g Jil 0)95 5 Ll slaoyy Sl cumdg 5 (s, L3l

b9y 9 9lge
o psle 095 Slados o) o ol> aslls
slass jo eojlens Jlosl 31 L3 ol plodil 8 3 oKiils
=y alwss 4 (Al an) g Ladl slaiae Sl 0L
(S S iz ) ey g o plnl (b (g5l losem 1o S
(ol BBt 5 eSS g oo dnn
Sl gk cnl slp ol o S5 e o1, YE
i AL G X)) allas e uSL jo g wiad
Y slaws o 6l LialesT 0,90 (b olS 5l oasisss
alesl 390 (slatne 5l 05, dm 0y95 S 53 0
JoSeo b oz aly 51 B 5y 59 5 ke el Wt
Sogons s ol b oailygs baies 4 g (28 I e
0,5 1ol _inle] sla o s &) wlSlaz 5 o]
P93 09,5 b 4385 b (2138 o3, by 4 (T1) Jol
Pk B Load (2 4l Gl @3 alewy 4 (T2)
408) DM | Stz ools p SobS pr JI 5i8ie JuSo
Sy (T3) pyes 05,5 5 s 4055 (NRC alowsy 45 oos
P JoSa p S Ar Lond (g2 al ol w3,
(NRC alwg & 00l dogs pl 2 93) DM o S6LS 50 I
()'.:i:.a—w_I) LSI'I e ddallae ol s a0 S cdl e
SR Doped &5 Sl Guige § 55 paie SG ol
SRl 5l eolitul b oo 02 aiins Jaie o &
el odls o 18 Y 9V Jglam jo a5 wl Jolee NRC

doddo

Jolge 3b cov cundy cpl a5 5N o b Lyl
(B s | by (M alex I alise
S dlge 0 (saw |l 0l g Sl coa S
9 WA zmen (ele 4 Gtz jole ) sl Jlas]
Sylgid 0 G uiored g ol Suse dlge Cosdg
.(Hidiroglou and Knipfel, 1981) s ls Sy oS
230 VO o (s 3 al) (] 3T olo g0 a8 Sl |
{Robinson et al., 1977) s co JoSii |, i ol
2 e slasaly Wl oo ol Q3 w5 siles
asl awsb lass g ol (IS o Slee 5 Cldl
Olaly paie epsjles 1o (Harvey et al., 2021)
ooty 13 51 6yl 50wt (xs 00le S 5 (0 53,
(Ognik et cowl gay] g8 Aoz 51 Jsboo olioniigm
Gl S 4 s piea jo 51500 o Sles al., 2019)
el 5T sl e o o] clad alex l calisee
Sl (S L 5 e ol s i
Nemec et al., 2012;) cewl Cigae ply jo Jubin! aslse
4 oo Wi co 3K 0905 (Spears and Weiss 2008
aiss o LSty G180 cies] piiwow o ,Sles LS
(Erickson et al., 2000; Cui et al., 2004) 54 caliee
LT ol b ogd co somlive &0 4 5iKie Cooms
Coms | A5 )le pate cpl 4 oluacil BB Lol o
Pl Sl gy eizmes 5 G0 Cuen (B
e mpl c s Al slegslSl
(O’Neal, 2015; Pfalzer and Bowman, G35 ,imlygs
Gyae Gl el JT 58 b oo s (g3lo 8 2017)
Sgd oo oy ;0 Sz oole pan Sl dggy g STye>
aS ol asie gl o (Gresakova et al., 2018)
o 3 gh rali8l s (6w sl i 40 3K By
(Gayirbegov and Mandzhiev, sgi e ] Sl 5 4
(siae dlge daxe i) slo il 4 axgi L (2021
Shysm ;0 Foxe olge calidee mlin 5l oolatwl 4y axg
ST el «blg> jo (Spears, 2019) ol azdly yiol3l
i o 1) il polie ol olie JIné 5



OV NVEY e gl o Lol p23lss Jll ol Sladys Sligios

obely 51 8 batae (238 052 Slgione =) Jgoor
Table 1. The nutritional content of the pre-partum diet of ewes

Ingredients %
Wheat hay 10
Alfalfa 20
Corn silage 30
Barley 19
Soybean meal 10
Wheat bran 9
Calcium carbonate 0.5
Salt 0.5
Mineral-vitamin supplement! 1
Dietary nutrients

Metabolic energy (Mcal/kg) 2.3
Crude protein (%) 13.8
Ethereal extract (%) 2.5
NDF (%) 43
Calcium (%) 0.71
Phosphorus (%) 0.42

! Mineral-vitamin supplement: 195 g calcium; 90 g phosphorus; 20 g magnesium; 3 g Zinc; 3 g iron; 280 mg copper; 100
mg cobalt; 100 mg iodine; 400 mg antioxidants; 10 mg sodium selenite per kg supplement.
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Table 2. The nutritional content of post-partum diet of ewes

Ingredients %
Wheat hay 5
Alfalfa 10
Corn silage 10
Barley 30
Soybean meal 9
Beet pulp 11.5
Wheat bran 15
Extruded cotton 8
Calcium carbonate 0.7
Salt 0.3
Mineral-vitamin supplement! 0.5
Dietary nutrients

Metabolic energy (Mcal/kg) 2.57
Crude protein (%) 15.5
Raw fat (%) 5
NDF (%) 36
Calcium (%) 0.85
Phosphorus (%) 0.59

! Mineral-vitamin supplement: 195 g calcium; 90 g phosphorus; 20 g magnesium; 3 g Zinc; 3 g iron; 280 mg copper; 100
mg cobalt; 100 mg iodine; 400 mg antioxidants; 10 mg sodium selenite per kg supplement.
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Table 3. Effect of dietary organic manganese supplement on the performance of ewes

Treatment

ftem Control 40 mg/kg 80 mg/kg SEM P-value

manganes€ manganese

Lamb birth weight (kg) 3.82 3.72 3.88 0.217 0.6741
Placental excretion (hours) 9.16 8.41 8.33 0.749 0.0733
Ewe weight (five weeks before lambing) 55.02 55.78 55.92 1.241 0.8198
Birth weight (kg) 49.18 50.94 51.01 0.974 0.0648
Ewe weight (five weeks after lambing) 44.28P 47.412 47.55% 1.115 0.0268
Average intake of dry matter (five weeks 1793.30>  1900.49* 1922.76* 42.181 0.0124
after lambing)

b Different superscript letters in the same row represent a significant difference (P<0.05).
SEM: Standard error of the means.
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Fig. 1. Effect of different levels of organic manganese on live weight of ewes
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Fig. 2. Effect of different levels of organic manganese on the dry matter intake of ewes
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Table 4. Effect of dietary organic manganese supplement on the digestibility of ewes

Treatment
Digestibility of nutrition Control 20 mg/kg 80 ma/ke SEM P-value
mangansese  mangansese
Dry matter (%) 74.88 73.25 74.27 4.974 0.4281
Organic matter (%) 77.11 76.71 75.01 6.462 0.5956
Crude protein (%) 63.96 66.74 65.29 4.244 0.5217
Acid detergent fiber (%) 37.83 39.13 37.81 2.977 0.4811
Neutral detergent fiber (%) 49.32 49.96 50.92 2.159 0.5656
Ethereal extract (%) 82.11 82.16 84.41 4.161 0.7191

SEM: Standard error of the means.
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Table 5. Effect of dietary organic manganese supplement on milk yield and composition of ewes

Treatment

ftem Control 40 mg/kg 80 mg/kg SEM P-value

manganese manganese

Milk production (kg/day) 2.16 2.25 2.27 0.188 0.2558
Milk fat (%) 6.11° 6.71* 7.017 0.045 0.0056
Milk protein (%) 3.16 3.21 3.23 0.225 0.1767
Lactose (%) 4.82 4.95 4.85 0.144 0.6786
Non-fatty solids (%) 8.81° 9.16 9.12° 0.017 0.0154

*b Different superscript letters in the same row represent a significant difference (P<0.05).
SEM: Standard error of the means.
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Fig. 3. Effect of different levels of dietary organic manganese on milk manganese of ewes
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Table 6. Effect of dietary organic manganese supplement on feces consistency of newborn lambs

Treatment
Item Control 40 mg/kg 80 mg/kg SEM P-value
manganese  manganese
Score of feces 2.882 1.25° 1.27° 0.014 0.0001
Number of lambs with diarrhea 6° 4b 40 0.250 0.0496
Average days of diarrhea 2.50* 1.25° 1.50° 0.200 0.0171

&b Different superscript letters in the same raw represent a significant difference (P<0.05).

SEM: Standard error of the means.
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