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Effect of dietary supplementation of calcium, copper and manganese on nutrient
utilization, growth, blood-biochemical and mineral profile in crossbred heifers
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ABSTRACT

Crossbred growing heifers (16) of an average body weight 149 kg and 12—-16 month-old were divided into.4 groups of
4 each to study the effect of dietary supplementation of calcium, copper and/ or manganese on.nutrients intake, body weight
gain, blood biochemical parameters and mineral profile. The heifers of group 1'(control)-were supplemented with 60 g
feed mixture without calcium, copper and manganese supplementation as top dress, whereas heifers of group 2 were
supplemented with 100 g feed (mineral) mixture containing. dicalcium phosphate and copper sulphate to supply 11 g Ca
and 60 mg Cu /animal / day. The heifers of group 3 were supplemented with 60 g feed (mineral) mixture containing copper
sulphate and manganese sulphate to supply 60'mg Cu and 100 mg Mn/animal/day and of group 4 were supplemented with
100 g feed (mineral) mixture containing dicalcium phosphate, copper sulphate and manganese sulphate to supply 11 g Ca,
60 mg Cu and 100 mg Mn/animal/day, respectively. All the heifers were provided concentrate mixture as per requirements
along with mixed fodder (green sorghum + green maize + wheat straw). The feeding trial lasted for 100 days. The average
daily dry matter and TDN intakes and daily body weight gain were higher in heifers.of groups 2'and 4 supplemented with
calcium and‘copper. The digestibility of dry matter, organic matter, crude protein, ether extract and crude fibre was
significantly higher in heifers of groups 2, 3 and 4 as compared to control group. The SGPT, SGOT and ALP activities and
concentration of total protein, globulin, phosphorus; copper and manganese in blood serum were significantly improved
in groups supplemented with minerals but the values were within normal range, whereas cholesterol and glucose
concentrations were significantly lower in mineral supplemented groups as compared to control group. The study showed
thatdietary calcium, phosphorus, copper and manganese supplementation is beneficial forimproving the nutrient utilization
and weight gain and to maintain the normal blood-biochemical constituents and mineral status in growing crossbred heifers.
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The essentiality of minerals for growth, health, infertility also a disturbed Ca: P ratio has blocking action on
reproduction as well as normal physiological functions of the pituitary gland and consequently on ovarian action
animal’s body is well documented (Chew 2000). In plain (Herrick 1977), prolonging the interval of first ovulation.
area of Uttarakhand, the most common livestock species ar€Copper is a component of many enzymes, essential for
cattle and buffaloes, which are mostly reared on crop residuesbsorption and transport of iron and necessary for
and dry grasses and are used in combination with locallyhaemoglobin synthesis, besides, needed for maintenance,
available green fodder and small amount of concentrategrowth and lactation of animals. Manganese on the other
mixture. Generally, these animals do not receive mineralhand influences enzyme systems, bone matrix formation,
mixture supplementation. Shukét al. (2009) showed low  rigidity of connective tissue, synthesis of estrogen and
profile of some macro and micro minerals especially calcium, progesterone and in the formation of prothrombin (Sharma
copper and manganese in hill region of Uttrakhand, whereaset al. 2002). Keeping in view, the present study was
Tiwary et al.(2007) reported low profile of phosphorus and conducted to see the effect of dietary supplementation of
copper in soil, feed and blood serum of animals in plain regioncalcium, copper and/ or manganese on nutrients utilization,
of Uttarakhand. Calcium deficiency is responsible for body weight gain and certain blood biochemical and mineral

. . status in crossbred heifers.
Present addres3H. No. 2/ 221, Vijaykhand, Gomatinagar,

Lucknow, Uttar Pradesh. MATERIALS AND METHODS

2Professor (e mail: anil701k@gmail.corfProfessor and Head, . . .
4Associate Professor, Department of Animal Nutrition, College of Crossbred growing heifers (16) with an average BW 149
Veterinary and Animal Sciences. kg and 12-16 month-old, selected from the herd of

downloaded from http://epubs.icar.org.in



494 SHARMAET AL. [Indian Journal of Animal Sciences1 (5)

instructional dairy farm of the university were divided into concentration (Burtis 1999), total protein, albumin and
4 groups of 4 each. To supplement calcium, copper andglobulin concentration (Johnsehal.1999) were determined
manganese, 4 feed (mineral) mixtures were prepared in whiclby using standard diagnostic kits. The concentration of copper
calcium in the form of dicalcium phosphate, copper in the and manganese in the blood serum and samples of feeds and
form of copper sulphate (Cug®H,0) and manganese in fodder were estimated by atomic absorption
form of manganese sulphate (MnStH,0) as per NRC  spectrophotometer and calcium in blood serum was estimated
(2001) requirement were used with ground maize andby colorimetric method (Ray and Chauhan 1969) whereas
mustard cake. The four experimental feed (mineral) mixturesphosphorus was estimated by Fiske and Subbarow (1925)
were offered daily as top dress to each heifer were: 60 gmethod. The data were analyzed statistically (Snedecor and
(maize 50%, mustard cake 50% without mineral Cochran 1994).
supplementation) in group 1 (control), 100 g (maize 30%,
mustard cake 27.46%, dicalcium phosphate 42.3% and RESULZEg DISCUSSION
copper sulphate 0.24%) in group 2, 60 g (maize 50%, mustard The chemical composition and mineral contents of
cake 49.10%, copper sulphate 0.39% and manganese sulphat®ncentrate mixture, experimental feed (mineral) mixtures
0.51%) in group 3 and 100 g (maize 30%, mustard cakeand fodder fed to the growing crossbred heifers are given in
27.15%, dicalcium phosphate 42.3%, copper sulphate 0.24%Table 1.
and manganese sulphate 0.31%) in group 4. Thus each animal Nutrients intake and digestibilitythe average daily dry
in group 2 received 11.26 g Ca and 60.69 mg Cu, in group 3matter intake was higher<in heifers of groups 2 and 4
received 60.73 mg Cu and 102.60 mg Mn and in group 4supplemented with calcium and copper (Table 2). However,
received 11.25 g Ca, 60.69 mg Cu and 102.40 mg Mn ovemo significant difference was found in total dry matter intake,
and above already present in the feed. The feedingtrial lastedry matter intake /100 kg body weight and dry matter intake
for 100 days. All the animals were provided concentrate /kg metabolic body weight among different groups of
allowance as per NRC (2001) requirement along \aih animals. The average daily total digestible nutrients (TDN)
lib. mixed fodder (green sorghum + green maize + wheatintake and TDN intake / 100 kg body weight did not differ
straw) to discern the effect of dietary calcium, copper and significantly among different groups of heifers, however
manganese supplementation on nutrient utilization, body TDN-intake / kg metabolic body weight was significantly
weight gain and blood biochemical parameters and mineral(P<0.05) higher in groups 2, 3.and 4 than heifers of control
status. Blood‘'samples were collected during mid and end ofgroup. The average daily digestible crude protein (DCP)
the course’ of investigation and analyzed for calcium, intake, DCP intake per 100 kg body weight and per kg
phosphorus, copper, manganese level, serum glutamatenetabolic body weight did not differ significantly among
pyruvate transaminase (SGPT), serum glutamate oxaloacetatdifferent groups. The digestibility of dry matter, organic
transaminase (SGOT), and alkaline phosphatase (ALP)matter, crude protein, ether extract and crude fibre was
activities and total protein, albumin, globulin and cholesterol significantly (P<0.05) higher in heifers of groups 2, 3 and 4
concentration in blood serum. compared with control group (Table 2). These results are in
In the middle of the feeding trial, a digestion trial for 6" agreement with the findings of Sawhney (1951) who reported
days was conducted to know the nutrient utilization. The improved DM and CP digestibility in animals supplemented
feeds and fodder offered to the animals and faeces voidedvith manganese and Chhaletaal. (1986) who reported 10%
were analyzed for proximate constituents (AOAC 1995). The increase in crude fibre digestibility with trace mineral
SGPT, SGOT and ALP activity and serum cholesterol supplementation in Karan Fries male calves. Mormedall.

Table 1.Chemical composition and minerals content of feeding stuffs (on dry matter basis)

Feeding stuffs DM OoM CP EE CF NFE  Ash Ca Cu Mn
(%) %) () (N (%) (%) (%) (%) (ppm)  (ppm)

Mixed fodder (green sorghum + green 27.07 9220 6.58 130 3142 5290 7.80 0.40 5.27 46.57
maize + wheat straw)

Concentrate mixture 88.00 89.30 17.92 2.80 5,70 62.84 10.70 1.01 13.10 65.27

Feed (mineral) mixture 1 (control) 92.89 95.60 25.09 6.90 540 58.21 440 047 12.41 42.83

Feed (mineral) mixture 2 (calcium and 91.30 58.30 17.69 2.90 3.82 33.89 4170 11.26 606.90 23.70
copper supplemented)

Feed (mineral) mixture 3 (copper and 93.06 95.30 24.44 6.60 5.28 58.93 475 0.46 1012.17 1710.00

manganese supplemented)
Feed (mineral) mixture 4 (calcium, copper  92.00 58.00 17.25 2.70 3.59 35.00 42.00 11.25 606.90 1024.00
and manganese supplemented)
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(2004) also reported improvement in nutrient digestibility of groups 2 and 4 was significantly (P<0.05) higher than
in Black Bengal kids fed diet supplemented with copper. groups 1 and 3. Manganese intake was higher in heifers of
The intake of copper in heifers of groups 2, 3 and 4 groups 3 and 4, but calcium and manganese intakes were not
supplemented with copper along with different combinations lower than those recommended in the heifers of control group.
of calcium and manganese was significantly (P<0.05) higherThere was difference in total calcium, copper and manganese
than heifers of group 1, in which copper intake was intakes among different groups due to difference in
considerably lower than that recommended in NRC (2001) supplementation of respective minerals.
and ARC (1980) (Table 3). Similarly, calcium intake in heifers ~ Body weight gainThe total body weight gain and average

Table 2. Average daily dry matter and nutrients intake and digestibility coefficients of nutrients in heifers fed rations
supplemented with calcium, copper and manganese

Particulars Groups / Treatments
1 2 3 4
(Control) (Calcium and (Copper and (Calcium, copper
copper manganese and manganese

supplemented)

supplemented)

supplemented)

Average BW (kg)

190.61+16.51

193.93+24.13

192.46+16.36

193.05+17.12

Roughage DMI (kg/d) 3.48+0.19 4.06+0.16 4.05+0.10 4.02+0.13
Concentrate DMI (kg/d) 2.30+0.13 2.34+0.15 2.30+0.12 2.36+0.12
Concentrate: roughage ratio 1:151 1:1.74 1:1.76 1:1.70
Total DMI (kg/d) 5.78+0.30 6.39+0.29 6.35+0.16 6.38+0.22
DMI /100 kg BW (kg) 3.06+0.10 3.43+0.36 3.36+0.23 3.36+0.22
DMI/ WO75kg (g) 113.16+1.68 125.91+8.51 124.17+5.7 124.46+5.17
TDN intake (kg) 3.42+0.13 4.09+0.08 4.02+0.19 4.22+0.11
TDN intake/100 kg BW (kg) 1.81+0.16 2.16+0.36 2.11+0.28 2.23+0.29
TDN intake/ W-75kg (g)* 66.9P+4.79 79.76+9.75 78.17+8.63 82.6%+8.44
DCP intake (kg) 0.65+0.07 0.69+0.03 0.68+0.05 0.69+0.02
DCP intake /100 kg BW (g) 341.78+10.02 364.05+£14.43 359.11+13.28 362.45+£12.67
DCP intake/ W-7°kg (@) 12.65+0.14 13.41+2.16 13.31+£1.90 13.41+1.33
Digestibility coefficient

Dry matter* 56.98+1.74 63.09+1.65 62.66+1.80 65.64+1.84
Organic matter* 62.868:1.93 68.13+2.34 67.09+2.41 70.7%+2.38
Crude protein* 82.35:1.65 87.65+1.17 86.1%+1.35 88.13+1.47
Crude fibre* 43.84+2.61 56.69+2.76 55.33+2.37 58.96+2.82
Ether extract® 74.8%1.70 87.48+2.01 86.02+1.85 88.3™1.75
Nitrogen-free extract* 65.6%2.80 68.25%42.67 67.43%2.74 71.46+2.78

a Bviean values bearing different superscripts in a row differ significantly; *P<0.05.

Table 3. Average daily calcium, copper and manganese intakes in growing crossbred heifers fed ration supplementation of calcium
copper and manganese during feeding trial of 100 days

Particulars Groups / treatments
Control Calcium and Copper and Calcium, copper
copper manganese and manganese
supplemented supplemented supplemented
Ca intake through roughage (g) 12.16 13.40 12.92 13.76
Ca intake through concentrate (g) 23.73 24.14 23.73 24.34
Ca intake through feed (mineral) mixture (g) 0.28 11.26 0.27 11.25
Total calcium intake (g) * 36.%7 48.80 36.92 49.33
Cu intake through roughage (mg) 16.02 17.65 17.02 18.13
Cu intake through concentrate (mg) 30.78 31.31 30.78 31.57
Cu intake through feed (mineral) mixture (mg) 0.74 60.69 60.73 60.69
Total copper intake (mg)* 47.84 109.7¢ 108.5¢ 116.4G
Mn intake through roughage (mg) 138.30 152.40 147.00 156.50
Mn intake through concentrate (mg) 153.40 156.00 153.40 153.30

102.60
402.9G

102.40
412.2G

Mn intake through feed (mineral) mixture (mg) 2.57 2.37
Total manganese intake (mg)* 294030 310.8¢

a hviean values bearing different superscripts in a row differ significantly; *P<0.05.
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daily body weight gain were highest in group 2 supplementedin groups supplemented with manganese (groups 3 and 4).
with calcium and copper, followed by group 4 supplemented This is in close agreement with the findings of Bheial.
with calcium, copper and manganese (Table 4). However,(1981) who reported that manganese is necessary for growth
there was no significant difference in body weight gain amongand ALP activity is required for ossification. The average
different group of heifers. There was no significant difference value of serum glucose was highest in control (group 1),
in feed conversion efficiency among crossbred heifers of however, the differences were not significant compared with
different groups, which is in close agreement with the other groups. Similarly, concentration of serum cholesterol
findings of Attiaet al (1987), Tripathiet al. (2001) and was significantly (P<0.05) highest in control group. These
Saxena (2007). results are in agreement with-the findings of Ergjlel.
Blood biochemical parameterhe SGPT and SGOT  (2001) who reported that deficiency of copper stimulates the
activities in heifers supplemented with feed (mineral) mixture liver synthesis of cholesterol. The serum total protein,
were significantly (P<0.05) higher as compared to control albumin and globulin concentrations were significantly
group and were within normal range (Table 5). These results(P<0.05) higher in groups 2, 3, and 4 as compared to control
corroborated with the findings of Exton (1980) who reported group. These results are in agreement with the findings of
that in growing lambs the value of AST and ALT were Mondal et al. (2004) who reported increased nitrogen
significantly less in the mineral deficient lambs than those retention because of copper supplementation.
supplemented with Ca and P minerals, which may be Serum mineral profileThe blood serum calcium
attributed due to increase in transamination reaction.. Theconcentration in heifers of all groups was within normal range
serum ALP activity did not differ significantlyramong . and did not differ significantly among the groups before and
different groups, however serum ALP activity was highest after supplementation of feed (mineral) mixture containing

Table 4. Average body weight gain and feed conversion efficiency in growing crossbred heifers fed ration supplementation
of calcium, copper and manganese during growth trial of 100 days

Particulars Groups / Treatments
(Control) (Calcium and (Copper and (Calcium, copper SEM+
copper manganese and manganese

supplemented) supplemented) supplemented)
Initial body weight (kg) 149.23+14.39 149.38+18.90 149.13+13.65 149.08+14.89 0.07
Final body weight (kg) 200.08+17.17 203.43+17.95 201.83+16.75 203.00+17.58 0.75
Total weight gain (kg) 50.85+3.65 54.05+5.02 52.70+4.84 53.92+3.47 0.74
Body weight gain/ d (g) 508.50+36.47 540.50+48.38 527.00+45.67 539.25+34.73 12.56
Feed conversion efficiency 10.60£1.35 10.60£2.70 10.59+1.03 10.85+1.32 0.22

# (Sastryet al. 1999),” (Miles and McDowell 1983).

Table 5. Average blood biochemical parameters and minerals content in blood serum of crossbred heifers fed ration
supplemented with calcium, copper and manganese

Particulars Groups / Treatments
Normati/ Control Calcium and Copper and Calcium, copper
critical range” copper manganese and manganese
supplemented supplemented supplemented
SGPT (IU/litre) 14-38 14.630.27 18.60+1.19 18.05+1.40 20.76£1.18
SGOT (IU/litre) 78-132 70.66:1.11 81.47+1.62 80.59+0.59 82.16+1.79
ALP (IU/litre) <488 196.76+6.38 209.39+21.06 222.75+11.29 255.34+32.59
Total Protein (g/dl)* 7.56 6.1%0.06 6.87+0.09 6.76+0.08 6.86+0.09
Albumin (g/dI) 3.60 3.25+0.04 3.34+0.02 3.34+0.03 3.34+0.05
Globulin (g/dl)* 3.96 2.968+0.08 3.54+0.08 3.42+0.08 3.52+0.05
Glucose (mg/di)* 35-55 61.440.54 55.27+0.64 56.19+1.07 54.89+0.58
Cholesterol (mg/dI)* 50-230 115.281.00 102.99+1.85 105.5%+1.06 104.08+1.66
Calcium (mg/dI) 9.4-12.2 10.80+0.06 10.86+0.11 11.09+0.29 11.19+0.16
Phosphorus (mg/dl) 4-9 48m.11 5.87+0.09 5.35+0.14 5.5%+0.36
Copper” (ppm) <0.65 0.480.03 0.70+0.01 0.7#+0.02 0.72+0.01
Manganese” (ppm) <0.2 0.24.01 0.26+0.01 0.32+0.00 0.34+0.01

abmean values in a row with different superscripts differ significantly *(P<0.05).
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Ca, P, Cu and Mn (Table 5). The serum phosphorusEngle T E, Fellner V and Spears J W. 2001. Copper status, serum
concentrations in animals of groups 2, 3 and 4 were cholesterol and milk fatty acid profile in Holstein cows fed
significantly (P<0.05) higher as compared to control group \z/gg/éngigoncentratlons of coppépurnal of Dairy Sciencé4:
butthe valges were within the.norm_al range. The phosphorusFiske C H and Subbarow Y. 1925. The colorimetric determination
concentration was reduced in animals of groups 3 and 4 S ! i

. of phosphorousJournal ofBiological Chemistry66: 375-78.
Supplementgd with manggngse. It may be due t? the _f"_iCt tha1t:'xton J H. 1980. Effect of diets low in calcium and phosphorus on
manganese increases activity of serum ALP which utilizes P e gevelopment of growing lambamerican Journal of
for synthesis of soft tissues and decreases phosphorus physiology3: 235-38.
concentration and increases calcium concentration in bloodHerrick J B. 1977. A paper contributed to AditIndia Symposia
S0 as to maintain Ca: P ratio. These results are in agreement on Animal ReproductiorPAY, Ludhiana.
with the findings of Bhoott al.(1981) and Kalita and Sarmah  Johnson A M, Rohifs E M.and Silverman L M.:1999. Proteiine
(2006). Serum copper concentration in heifers of groups 2  1extbook of Clinical Chemistnard edn, pp. 477-540. W B

PP Saunders, Philadelphia.
0.63 ppm), 3 (0.64 ppm) and 4 (0.66 ppm) were significantl _ ) _
EP<0 g5p) h)ighér thar?gorztrol gro(up © T; pi)m) and?/vere clogeKa“ta D JandSarmah B C. 2006. Mineral profile and serum enzyme
) ' activities of normal cycling and repeat breeding cowdian

to critical level (<0.65 ppm) where as copper concentration . .-~ ot Animal Researct: 49-51.

in control group was below critical level. Low concentration yegley E B and Spears 3 W. 1994. Bidavailability-of feed-grade
of copper in control group might primarily be due to low copper sources (oxide, sulfate or lysine) in growing cattle.
copper concentration in feedstuffs fed to animals as.well as  Journal of Animal Science2: 2728-34.

decreased gut absorption. These results are in agreement wittiles W H and McDowell L R. 1983. Mineral deficiency in the
the findings of Kegley and Spears (1994) and Saxena (2007) »Llanos rangesworld Animal Review6: 2-10.

who reported that dietary copper supplementation increased/ondal M K, Roy B and Biswas P. 2004. Effect of supplementation
the copper level in blood serum of cattle. The concentration Of COPPer on nutrient utilization by Black Bengal Kidtian

" . . Journal of AnimaNutrition 21; 261—64.
of _Serum manganese was S|g.n|f|can_tly (P<0.05) 'euu InNRC. 2001 Nutrient Requirement of Dairy. Catti&h edn. National
heifers of groups 3 and 4 in which manganese was

. . - Academy of Sciences. National Research Council, Washington

supplemented along_with copper and with calcium and ¢

copper, respectively, as compared to,control and group 2Ray.S B C and Chauhan U'P S. 1988alytical Biochemistry

However, manganese concentration was above critical level-< \ol. 32. Elsevier Inc20: 155.

(<0.20 ppm)_in heifers of all groups. Sastry V R B, Kamra D N and Pathak N N. 19B8boratory
From thefindings of the present study it is concluded that Manual of Animal Nutrition.Centre of Advanced Studies,

dietary calcium, phosphorus, copper and manganese Division of Animal Nutrition. Indian Veterinary Research

; ; i ; ; ; Institute, lzatnagar, Uttar Pradesh, India.
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