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Introduction: Newborn calves have special needs to accelerate their growth performance and improve their
immune systems. Minerals are one of the most important metabolic improvers that can help the health of calves at
overnutrition levels. Manganese is a necessary trace mineral that is a key ingredient in the metabolism of
carbohydrates, lipids and, proteins, as well as playing an important role as a cofactor in the activity of several
enzyme systems such as superoxide dismutase (MnSOD) activity, bone development (mucopolysaccharide
synthesis) and blood cell regeneration. Manganese plays several important roles in the immune system, including its
involvement in antioxidant pathways, its contribution to phagocytic activity, and its role in maintaining the
structural integrity of epithelial barriers against infections. Manganese can be supplemented in both inorganic and
organic forms, each with differing levels of bioavailability and absorption. Therefore, this study was conducted to
investigate the impact of milk enrichment with manganese supplements, in both organic and inorganic forms, on the
performance, biochemical and antioxidant parameters, and feeding behavior of suckling calves.

Materials and Methods: 24 newborn calves were randomly divided into 3 groups with 8 replications.
Experimental treatments include: 1) control group (without manganese supplementation), 2) Adding mineral
manganese supplement to milk consumption and 3) Adding organic manganese supplements to milk consumption.
The amount of manganese used in the milk of each calf was 30 mg per day. Manganese is dissolved in milk and
consumed by calves. Calves were milked twice in the morning and evening and had free access to water and starter
feed during the day. The length of the trial period was 63 days. Calves were weighed every 21 days. The amount of
feed consumed and post-feed was recorded daily. To measure blood metabolites including biochemical parameters,
concentration of blood elements, antioxidant status and activity of liver enzymes, blood samples were taken from
calf vein on day 60. Finally, during the 61st to 63rd days of the experimental period, nutritional behaviors were

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
4 'http://doi.org/10.22067/ijasr.2024.89957.1216


https://ijasr.um.ac.ir/
https://ijasr.um.ac.ir/journal/about?lang=en
https://orcid.org/0009-0004-9508-0695
https://orcid.org/0000-0002-5198-1940
https://orcid.org/0000-0002-6865-2932
https://orcid.org/0000-0001-8199-3953
mailto:toghdory@gau.ac.ir
http://doi.org/10.22067/ijasr.2024.89957.1216
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://doi.org/10.22067/ijasr.2024.89957.1216
http://doi.org/10.22067/ijasr.2024.89957.1216

VPP Jlag ) oyl OV alr ofnl ool pole slegiy 4 pts VY

measured for a duration of 48 hours. Data analysis was done using SAS statistical software version 9/1 (2004) and
comparisons of means were done with Tukey's test at a significance level of 5 percent.

Results and Discussion: The obtained results showed that the calves fed with milk enriched with manganese in
organic and inorganic forms compared to the calves of the control group, a significant improvement in final weight,
period weight gain, daily weight gain and dry matter consumption was observed. The use of organic and inorganic
forms of manganese in the feeding of suckling calves did not have a significant effect on the feed conversion ratio of
the calves. There was no significant effect on the amount of iron, zinc, copper, calcium and phosphorus of different
treatments. The amount of plasma manganese in the treatment using organic manganese was associated with a
significant increase compared to the treatment using inorganic manganese and the control treatment. The use of
organic and mineral sources of manganese in the feeding of calves had no significant effect on triglyceride,
cholesterol, urea, globulin and the ratio of albumin to globulin in the blood of calves. Organic and mineral sources
of manganese increased the amount of glucose, total protein and albumin in the blood, so that the most significant
increase was seen in the treatment of organic manganese users. Inorganic and organic forms of manganese did not
cause significant changes in the amount of malondialdehyde, aspartate aminotransferase, and alkaline phosphatase
in the blood of supplement consuming groups. In treatments using manganese, there was a significant decrease in
total antioxidant status and a significant increase in the amount of catalase, superoxide dismutase, and alanine
aminotransferase. The use of manganese supplement in organic and inorganic forms had no effect on the nutritional
behaviors of calves such as milking, feeding, rumination, jaw rest, drinking water, unusual behavior, standing and
lying down.

Conclusion: Enriching milk with manganese supplement in organic and inorganic forms improved
performance, weight gain, dry matter intake, total antioxidant status, and catalase and alanine aminotransferase and
biochemical status in groups consuming milk containing manganese. Based on the results of this study, it is
recommended to supplement the milk of newborn calves with 30 mg of organic manganese. Organic manganese
showed improved effects on key parameters, including plasma manganese concentration, glucose levels, total
protein, and superoxide dismutase (SOD) activity.
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Table 1- Feed ingridient and nutrients and energy of the starter diet

IEYESN PN JTER
Feed ingredient Amount
(A‘o).)) u)‘) 40.00
Corn (%)

(M)b) » 12.50
Barley (%)

(303) by s 35.00

Soybean meal (%)
(Mo ) &8y dlls

5.00
Sugar beet pulp (%)
(103) paS g

5.00
Wheat bran (%)
Wopd) (Sdze JoSo 0.30
Mineral supplement! (%)
(’\‘9)3) Y@*‘L‘JS J“s" 0.30
Vitamin supplement? (%)
(_x..o ) Sal S 0.80
Limestone (%)
(Lo ) Sas 050
Salt (%) '
(o) e b 0.50
Bicarbonate (%)
('\"”)')) o 0.05
Yeast (%)
(32)9) 22 32 0.05
Fat powder (%)
S5 9 sdaa dlge
Nutrients and energy
(Ao ) Sis ool 90.00
Dry matter (%)
(F;}lﬂs 2 d)ﬂgli") W‘“‘t‘l?""“’ JJls dj)j] 251
Metabolizable energy (Mcal/kg DM)
(“\“)3) FB L)"':‘ﬁ)’ 18.32
Crude protein (%)
(225) & (22

3.54
Crude fat (%)
(Ao yd) (25 odisgid ) Jglool LI 20.74
Neutral detergent fiber (%) '
(Aoyd) (gduml 0895 5> Joloeals 8L 980
Acid detergent fiber (%) '
(""’)J) )‘““‘sl> 7.30
Ash (%)
(10,2) el 1.42
Calcium (%)
(M)J) )""“‘3 0.71

Phosphorus (%)

Sl 8 o Ve dalianST 5l 8 e Fev s 28 oo Vo LS 25 e Vot 59y S Y e 35 Yo pind p)F R oS .5 VD 1 ne oS
JoSo )Tk 2 )3

JoSo p55kS p2 > Mallon olg Voo o B (ppolg (Mol a5y YO+« o+ D3 paliyg o llalli asly Veoeees A Geeling el JoSo T
1 Mineral 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
2Vitamin A 1000000 1U, Vitamin D3 250000 1U,Vitamin E 3000 IU per kg supplement
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Table 2- The effect of milk enrichment with manganese supplement on the performance of suckling calves

sialejl clolass
- : Exprlm?[]‘tal treatments _ SEM! P-value
Variable wald e e f’Jl e
Control  Inorganic maganese  Organic manganese

(pS945) 45 039 34.12 35.08 34.89 2001 04766
Born weight (kg)

(p5315) 2o 09 62.79 66.73 67.498 2692  0.0011
Final weight (kg)

(p555) 029 IS 09 LA 28.67° 31.65° 32.60° 1.877  0.0469
Total weight gain (kg)

(5) 4139 0s 138 455,07 502.38° 517.46° 29.844 0.0218
Daily gain (g/d)

(9p)5) s (B pae S 03le 146.46 157.35° 161.11° 11433 0.0627
Starter dry matter intake (g/d)

(9/p)5) 02l (Brae S2S03le 1) o 1153.89° 1181.44? 47914  0.0011
Milk dry matter intake (g/d)

(39)/p)5) (Byas S 03be JS 122052 1311.242 134255 91.367 0.0001
Total Dry matter intake (g/d)

o 13¢ 5o o

092 @B e e 2.68 261 2.59 0464  0.1501

Feed conversion rate

(P +1+0) adl o s sine BT (gl S o pé By > by (sla s Silie iud) b

ab,¢ Means with different superscripts within a row differ (P <0.05).

1 Standard eror of treatments

e SladllsS (5 polis Clale 550 oS b b it 55U =Y g

1o logs 3l (gl

Table 3- The effect of milk enrichment with manganese supplement on Concentration of blood

elements of suckling calves

sinlol sl

ol - Ex.prm.w.e/r?tal treatments — SEM! P-value
Elements - @'_\m)&m ‘; Fe

Control  Inorganic maganese Organic manganese
(Rl S ee) 5500 () o 0.92b 1.122 0.0177  0.0001
Manganese (mg/dL)
(Aol S5 ,5e) ool 26 1.81 1.79 0.543  0.7633
Iron (ug/dL)
(odlp55,50) 35 1 99 1.81 1.78 0.145  0.4359
Zinc (ug/dL)
()‘*th”°/'°’5‘;”°)’“*“& 3.01 3.18 3.12 0.167  0.6798
Calcium (mg/dL)
(dodlpSiske) s g9 1.76 1.89 0191  0.3112
Phosphorus (mg/dL)
[ dlpS5,5) e 28 0.72 0.82 0.107  0.3456
Copper (ug/dL)

(P<e/40) a0 ylo dxe BMBT (gl)ls S yiiio e Doy b (slo pSiko iyd) y 4
L Lo 3 st (olas

a.b,¢ Means with different superscripts within a row differ (P <0.05).

1 Standard eror of treatments
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Table 4- The effect of milk enrichment with manganese supplement on blood biochemical parameters of
suckling calves

&HL"}T sl e

ooy (sladounl Exprimental treatments SEM!  P-value
Biochemical parameters Jals JERCARLEN S 5%

Control  Inorganic maganese  Organic manganese
(dordlpS ) 555 69.08° 71.11° 76.08° 3.976  0.0001
Glucose (mg/dL)
(e Siske) 2elS s394y 34.11 32.96 29511 05711
Triglyceride (mg/dL)
(dolpSishe) Josieds o619 67.08 68.19 40871 03131
Cholesterol (mg/dL)
(5l cpmdlp 5 ee) 039 8.21 7.99 8.09 0.2569 04778
Urea (mg/dL)
()"Ju‘“”/r’)s)u}; OH9n 6.92b 7.11% 7.492 0.0978 0.0001
Total protein (g/dL)
(pdlp 5) sl 3.96° 4.12% 4.48° 0.0185  0.0011
Albumin (g/dL)
(=dedlp5) oloeslS 2.96 2.99 3.01 0.2609  0.7505
Globulin (g/dL)
9l s 134 138 1.48 0.0667 0.3164

Albumin:globulin

(P<e1+0) ansb o o gne GBI glyls S o e B> b (slo 1Sl sy y2 4

o logs 5l (gllas®

a.b.¢ Means with different superscripts within a row differ (P <0.05).

1 Standard eror of treatments

.(Overton and Yasui, 2014)
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Table 5- The effect of milk enrichment with manganese supplement on antioxidant status and liver enzymes of
suckling calves

&HL"}T sl
docil Exprimental treatments SEM!  P-value
Parameter Jals e 5K S e
Control  Inorganic maganese  Organic manganese

(2l Jgnidhe) IS Sl ondy g 10 0.98° 0.97° 0119  0.0001
Total antioxidant status (mmol/l)

e I o oo
(p 5 kel 15) YU 0.42° 0.542 0.612 0.022  0.0001
Catalase (U/mg)
(el Jgegt) sl 53 le 1.26 1.22 1.29 0412  0.2885
Malondialdehyde (nmol/ml)
(7.5 ool 2215) igm> 550 30.86" 31.07b 34.922 2796 0.0011
Superoxide dismutase (U/mg)
[l 22l) gl bl 46.59 47.09 49.22 4798 07822
Aspartate aminotransferase (U/l)
[l 221) Sl igiel oY 15.820 17.10° 18.95° 1561  0.0312
Alanine aminotransferase (U/l)
(df15) jBlid (1 198.11 202.11 212.56 14.956  0.6682

Alkaline phosphatase (U/l)

(P 1+0) wily o o ine SIS (ghls S yuihayd g o b (sl ySibie id) y2 3
o jlass 3kl (gllas
a.b, ¢ Means with different superscripts within a row differ (P <0.05).
! Standard eror of treatments

N GallogS (slpdss 1) p Ko JoSo b b (sl b =1 Jgia

Table 6- The effect of milk enrichment with manganese supplement on feeding behavior of suckling calves
iabojl sl los

Exprimental treatments

(395] 433) (slapiss (sl m — = SEM!  P-value
Feeding behavior (min/day) ~_°* e jie e

Control  Inorganic maganese  Organic manganese
O 7S 28/50 32/60 31/77 1/881  0/3311
Drinking milk
028 S 157/12 149/86 153/33 16/302  0/2736
Eating
s 196/33 207/67 209/01 13/772  0/4651
Ruminantion
o 353/45 357/53 362/34 17/688  0/5751
Chewing
S ol 1012/72 1008/02 1004/81 38/705  0/5241
Resting
o ! 18/40 17/65 19/00 2/003  0/6133
Drinking water
el )85, 26/93 24120 22/08 0/879  0/4253
Abnormal behavior
e 889/60 912/00 908/80 33/625 0/3206
Standing
oS 31 550/40 528/00 531/20 28/563  0/1249
Lying down

(P<+1+0) aiisb oo 4l gre MBS ghyls S ydio e B9y b (sla (Sl i3 ja
o los 3 il gllas
a.b,¢ Means with different superscripts within a row differ (P <0.05).
! Standard eror of treatments
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