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Abstract
Sources of supplemental minerals in the diet of animals are of important significance. Bio-availability of organic sources is believed to
be more in the body as compared to regularly used inorganic sources and hence environment-friendly due to reduced mineral
excretion, which in turn reduces their requirements in the diet as well. Twenty-four male Murrah buffalo (Bubalus bubalis) calves
(about 18–20 months of age and 318.54 ± 8.85 kg body weight) were divided randomly into four groups of six animals each. In the
control group (C, InOrg100) zinc (Zn), copper (Cu), and manganese (Mn) were supplemented through an inorganic source, while in
treatment groups, organic source at the rate of 50, 75, or 100% (in groups T1 (Org50), T2 (Org75), and T3 (Org100), respectively)
was fed at level as supplemented in the control group. Feeding was continued for a period of 180 days with blood sampling at day 0
followed by a regular interval of 45 days. Plasma samples were analyzed for trace elements Cu, Mn, Zn, and iron (Fe), total
antioxidant status, ceruloplasmin, and superoxide dismutase (SOD) with cell-mediated and humoral immune response. Plasma levels
of different trace minerals like Fe, Mn, and Cu remained unaffected with two sources and different levels of organic minerals, except
the level of Zn, which showed higher (P < 0.05) levels in the group Org100 compared to others, and remained indicative of higher
bio-availability through the organic source. The concentration of plasma total antioxidants indicated no adverse effect on the
reduction of supplemental levels up to half of these minerals. Also, the level of plasma SOD was high (P < 0.05) at each level of
the organic source as compared to the 100% level of the inorganic source. Immune response in respect of cell-mediated as well as
humoral immunity did not show any reduction in different groups. The study indicated beneficial impacts of the organic source in the
form of superior plasma Zn level as well as SOD concentrations. In addition, no negative effect onmost of the studied parameters was
observed after reducing supplemental trace minerals to half indicating higher bio-availability of organic trace minerals.
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Introduction

Copper (Cu), zinc (Zn), and manganese (Mn) are incorporated
with proteins and enzymes to help in the antioxidant defense
system [1]. Cu and Zn together form the Cu–Zn superoxide
dismutase (SOD), which converts superoxide to hydrogen
peroxide, in the cytoplasm of the cell [2]. A similar enzyme,
manganese superoxide dismutase, is present in the mitochon-
dria. Copper and zinc can also be bound to metallothionein
and ceruloplasmin, which are extracellular proteins that have
antioxidant capabilities [2]. Ceruloplasmin, an essential Cu

transport protein, exhibits oxidase activity and accounts for
the majority of Cu present in circulating plasma [3, 4]. In
addition, ceruloplasmin and metallothionein exhibit anti-
inflammatory activity and may play critical roles in preventing
oxidative tissue damage from inflammation as well as infec-
tion [5]. Role of copper is not limited to antioxidant defense,
and it is also important for cellular respiration, cardiac func-
tion, bone formation, connective tissue development, and
myelination of the spinal cord [6]. The micronutrient Zn is
an essential component of the diet for maintaining health
and performance [7]. Zinc is the second most abundant trace
element in mammals and birds and makes up a structural
component of over 300 enzymes [6], including those involved
in DNA and RNA synthesis [3]. It plays a role in maintaining
health and integrity of skin due to its role in cellular repair and
replacement [8] and a component of thymosin, a hormone
produced by thymic cells that regulate cell-mediated
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immunity [9]. Manganese is essential in the body, besides
being a part of superoxide dismutase, due to its role in metab-
olism. It is an important part of a range of enzymes that are
involved in antioxidant protection, bone growth, carbohydrate
and lipid metabolism, reproduction, and immune and nerve
function [6]. These enzyme functions may be affected by the
quantity of mineral and protein availability.

Trace minerals contain antioxidant potential, and associat-
ed enzymes play an important role in neutralizing oxygen
metabolites. In addition, they prevent damage to tissues and
cells in the host, including protecting the neutrophil from self-
destruction or damage prior to bacterial kill [10]. Excessive
accumulation of reactive oxygen species (ROS) due to oxida-
tive stress leads to mammalian tissue damage, and the main
biological targets definitely include lipids, proteins, DNA, and
other macromolecules [11].

The quantity of mineral may not be as important as its form
[7, 12]. Traditionally, micro minerals have been supplemented
in the form of inorganic salts like sulfates. It has been
highlighted in previous work [9] that most (80–99%) of the
trace minerals ingested through inorganic source got excreted
through feces of ruminants and remain a cause of excessive
accumulation in soil and water. Excessive trace minerals lead
to a detrimental effect on the health of different natural inhab-
itant flora and fauna of the soil and water. However, supple-
mentation through organic source has potential due to the
likelihood of increased bioavailability and absorption in the
gut [6]. Organic trace minerals should undergo less dissocia-
tion in the reticulorumen, omasum, and abomasum than their
inorganic counterparts [13]. Other reasons for investigating
organic trace minerals include increased absorption in the
gut, negative interactions between ingested metal ions and
dietary factors when inorganic trace minerals are fed, and
environmental impacts regarding undigested mineral com-
pounds [6, 14]. Enhancing mineral absorption may have a
positive effect on animal performance due to increased acces-
sibility to minerals in the blood.

Long-term studies are scanty regarding the comparative
availability of these three trace minerals through their organic
and inorganic sources in Murrah buffalo. Therefore, the ob-
jective of the current study was to examine the effects of
inorganic and organic supplementation of dietary Zn, Cu,
and Mn on their plasma levels, antioxidant enzymes, and im-
mune response in Murrah buffalo (Bubalus bubalis) calves.

Materials and Methods

Experimental Design

Twenty-four male Murrah buffalo (Bubalus bubalis) calves
(18–20months, 318.54 ± 8.85 kg body weight) were procured

from the Institute’s Murrah herd and divided into four groups
of six calves each on the basis of their body weights.

Housing and Management

Murrah buffalo calves were housed in a well-ventilated, clean,
and concrete-floored shed and fed individually. Strict manage-
ment and hygiene practices were adopted throughout the ex-
perimental period. Clean drinking water was provided ad
libitum twice a day at about 9 a.m. and 3 p.m.

Feeds and Feeding

Calves were offered concentrate mixture (30% barley grain,
30% mustard cake, 19% wheat bran, 19% broken gram, 1%
area-specific mineral mixture, and 1% common salt) and ad
libitum wheat straw to meet their nutrient requirements for
body weight gain of 500 g/day [15]. The amount of the con-
centrate mixture offered was revised fortnightly according to
change in bodyweights. Calves were also provided about 2 kg
of available green fodder (maize/oats/Egyptian clover) daily.
Feeding schedule was the same for all four groups, except for
replacement of zinc sulfate monohydrate, manganese sulfate
monohydrate, and copper sulfate pentahydrate (in a mineral
mixture of control group, InOrg100) with glycine amino acid-
chelated Zn,Mn, and Cu (at 50, 75, and 100% amount of these
elements, each as compared to that in control group) in treat-
ment groups T1 (Org50), T2 (Org75), and T3 (Org100), re-
spectively. Experimental feeding was done for a period of
180 days.

Feed Analysis

Concentrate mixture and wheat straw used in the experiment
were analyzed for different chemical constituents after drying
of feed at 60 °C and grinding to pass the 1-mm screen in a
Wiley mill using standard procedures [16, 17], and nutrient
composition of complete diet was calculated (on the basis of
proportion of feed consumed during the entire experimental
period). Calcium content in feed samples was analyzed by the
classical method [18], and phosphorus was determined by the
method of AOAC [16]. Elements like magnesium (Mg), Cu,
Zn, Mn, and iron (Fe) were estimated using an atomic absorp-
tion spectrometer (AAS, model iCE 3300, Thermo Fisher
Scientific) after dry ashing.

Blood Collection and Plasma Separation

Blood samples from buffalo calves were collected on day 0,
i.e., before starting supplementation and subsequently at
45 days interval until the 180th day of study through jugular
venipuncture, observing all aseptic precautions in the morning
(before watering and feeding), into heparinised vacutainer.

394 Mudgal et al.



Plasma was collected following centrifugation at 700×g for
15 min. The plasma samples were stored at − 20 °C until
further analysis.

Plasma Minerals

A suitable amount of plasma samples was taken in a 70-ml
capacity glass digestion tube, soaked overnight in 10 ml dou-
ble acid mixture (nitric and perchloric acid, 4:1) and digested.
These digested plasma samples were analyzed for trace ele-
ments like Zn, Cu, Mn, and Fe by AAS.

Assessment of Antioxidant Profile

Estimation of different oxidative stress-related parameters was
carried out in plasma. Plasma total antioxidants were estimat-
ed with ferric-reducing antioxidant power (FRAP) method
[19]. Superoxide dismutase (SOD) estimated [20] in plasma
was expressed as SOD units (1 U of SOD is the amount (μg)
of protein required to inhibit the MTT reduction by 50%).
Ceruloplasmin has oxidase activity; hence, it was estimated
in terms of its para-phenylenediamine (PPD) oxidase activity
at an optimum pH and temperature [21] and expressed as mg/
100 ml plasma.

Estimation of Immune Response

Before termination of experimental feeding, cell mediated im-
munity (CMI) response was assessed by in vivo delayed-type
hypersensi t ivi ty (DTH) react ion against ant igen
phytohaemagglutinin-P (PHA-P, Sigma-Aldrich, St. Louis,
MO, USA). The skin on both sides of the neck was cleaned
and shaved 24 h prior to injection and on the right side 200 μg
of PHA-P dissolved in sterile PBS (pH 7.4) solution was
injected intra-dermally, while on the left side of neck 200 μl
of PBS was injected as a control. The net increase in double
fold skin thickness measured at the injected sites was evaluat-
ed in 24, 48, and 72 h post-injection using vernier caliper. The
immune response to PHA-P was measured by subtracting the
values obtained from the right side to that on the left side and
values represented in centimeter (cm).

Humoral immunity was assessed in the form of total im-
munoglobulin (IgG + IgM) level determined in plasma sam-
ples by zinc sulfate turbidity test [22] using modified concen-
tration [23] and represented in the form of mg/ml.

Statistical Analysis

Data generated were analyzed statistically using SPSS (ver-
sion 16). Comparison among different groups and period
within the same group was made using repeated measures
(RM) GLM procedure.

Results

Chemical Composition of Feeds

The chemical composition of the concentrate mixture (CM),
wheat straw (WS), and complete basal diet (calculated on the
basis of the proportion of CM (53.9%) and WS (46.1%) con-
sumed during the entire experimental period) is presented in
Table 1. Average feed intake of buffalo calves during the com-
plete experimental period was 8.79 ± 0.12 kg/day. The con-
tents of crude protein, ether extract, neutral detergent fiber,
and acid detergent fiber were comparable to the levels recom-
mended for growing buffalo calves for 500 g daily gain [15].
The levels of Zn were 71.28, 49.23, 58.58, and 67.76 ppm, of
Mnwere 59.20, 47.39, 52.38, and 57.28, and of Cu were 7.73,
4.68, 6.07, and 7.42 ppm in the complete diet of InOrg100
(control), Org50, Org75, and Org100 groups, respectively.

Plasma Trace Minerals

The overall mean plasma Zn was significantly higher (P <
0.05) in Org100 group as compared to others. On day 135,
values of Zn were high (P < 0.05) in the Org100 group as
compared to other treatment groups. In group Org50, signifi-
cant difference (P = 0.009) was also observed with time.
Levels of Mn, as well as Cu, remained comparable (P >
0.05) among different groups at the different point of obser-
vations as well as their overall mean values, except on day 180

Table 1 Chemical composition of feeds (% DM Basis) offered to
buffalo calves without supplemental trace minerals

Attributes Concentrate mixture Wheat straw Complete dieta

DM 91.24 91.76 91.48

OM 78.38 91.87 84.60

EE 3.64 1.25 2.54

CP 18.36 4.08 11.78

NFE 47.56 43.44 45.66

CF 8.82 42.10 24.16

Total Ash 21.62 9.13 15.86

AIA 3.18 4.65 3.86

NDF 37.64 81.97 58.08

ADF 17.55 64.30 39.10

Ca 1.39 0.302 0.89

P 0.70 0.093 0.42

Mg 0.148 0.603 0.36

Fe (ppm) 417.80 423.47 420.41

Zn (ppm) 15.17 8.33 12.02

Mn (ppm) 22.47 14.98 19.02

Cu (ppm) 5.04 2.29 3.77

a Calculated on the basis of average concentrate and wheat straw intake of
the individual animal during the entire feeding experiment
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when both showed low (P < 0.05) plasma levels in Org100
group compared to InOrg100. Plasma Fe levels were higher
at day 45 in organic groups; Org50 (P = 0.086), Org75 (P <
0.001), and Org100 (P = 0.001) as compared to InOrg100.
The same pattern was observed at day 90, but non-
significant among groups. At day 135, lower (P < 0.05) plas-
ma Fe level was observed in group Org50 as compared to
InOrg100. Plasma Fe levels were low (P < 0.05) in all three
treatment groups at the end of the experiment. However, at
another point of observation, values remained comparable
(P > 0.05). Overall mean values among different groups were
non-significant with the highest (P = 0.097) plasma Fe levels
in group Org100 (7.59 ppm) as compared to InOrg100
(5.92 ppm). An interesting observation was made in the plas-
ma Fe level of all three treatment groups. The levels initially
increased until day 90, however, after that the values dropped
to the same levels as that at the start of the experiment. This
difference was significant (P = 0.008) for the Org75 group,
but not significant for other treatment groups (Table 2).

Antioxidant Enzymes

The activity of Cu containing enzyme ceruloplasmin (Fig. 1)
remained comparable (P > 0.05) among different groups at the
different point of collections with few exceptions. At day 45,
values in group Org50 were lower (P < 0.05) as compared to
InOrg100. At day 135, also values of ceruloplasmin were high
in Org75 (P = 0.028) and Org100 (P = 0.030) groups as com-
pared to group Org50. The increase in the activity of cerulo-
plasmin with time was observed in the groups fed higher
amounts of the organic source (Org75; P = 0.025 and
Org100; P = 0.049). SOD levels remained numerically higher
in all the three organic groups (Fig. 2) almost throughout the
experimental period with significant improvement at day 45,
90, or 135 in one or other organic mineral fed group over
InOrg100. Thus, overall mean values of SOD in all the three
organic mineral groups were high (P < 0.05) as compared to
InOrg100. SOD levels were found to be higher within the
groups (Org75; P = 0.003 and Org100; P = 0.025) at different
points of recordings. The FRAP values (Fig. 3) remained
comparable (P > 0.05) among different groups at the different
point of observations as well as in their overall mean values,
although the overall mean of FRAP values remained highest
in the group fed the highest amount of organic minerals
(Org100, 1161.67). In Org100 group, a periodical difference
(P = 0.012) was observed in plasma FRAP values (Table 3).

Immune Responses of Buffalo Calves

Data showed comparable (P > 0.05) values at 24, 48, and 72 h
as well as overall mean values after subcutaneous inoculation
of antigen PHA-P, although values in all organic groups
remained numerically higher as compared to InOrg100 group

with highest values observed in group Org100 (3.01) and
minimum in InOrg100 (2.74). The humoral immune response
in terms of total immunoglobulin was statistically similar (P >
0.05) among different groups at the different point of obser-
vations except that at day 45, Org100 group had higher (P <
0.05) immunoglobulin as compared to group Org75. The
same pattern was observed for overall mean values (Table 4;
Figs. 4 and 5).

Discussion

Plasma Minerals

In experiments with organic and inorganic minerals, the con-
cern is always about their bio-availability. Uninfluenced plas-
ma levels of element Cu and Mn in the present study may be
due to the initial (day 0) lower values ofMn and Cu in all three
organic groups as compared to inorganic one. In earlier studies
[24, 25], levels of Mn were found to be less conclusive in
relation to its dietary level. In the present experiment, also
variation in plasma level of these two minerals was not con-
clusive. As far as bio-availability is concerned, definitely, it
was better at lower levels (Org50 and Org 75) of organic form
as compared to the 100% level of inorganic one and that is the
reason that plasma values of these minerals remained compa-
rable among groups after even reduction of supplemental
levels of minerals up to half as compared to inorganic group
in a long-term (180 days) study. Higher (P < 0.05) plasma
level of Zn in Org100 group as compared to InOrg100 was a
result of higher bioavailability of zinc glycinate compared to
zinc sulfate, inspit of the lesser Zn intake in Org100 group to
that of InOrg100. In a short-term (30 days) study [26], also no
effect was reported on serum levels of these minerals in
Holstein cows. While in another study [27], supplementation
of these three elements through two different sources in lac-
tating Holstein cows had higher (P < 0.05) serum levels of Zn,
Mn, and Cu in the organic minerals fed group. Higher Zn and
Cu bio-availability through organic source was also reported
[28] in sheep.

In another study [29], inorganic source of Cu and Zn was
compared with an organic source at 75% level to that of the
inorganic level, with Barbari male kids and reported no differ-
ence in plasma Zn and Cu levels, but they reported a low level
of plasma Fe in groups fed organic Cu and Zn. However, in
contrast, the present study showed a higher level of Fe in
organic groups, though non-significant (P < 0.05) among
groups. Higher Fe levels in organic groups also account for
lower interaction among minerals when fed through the or-
ganic source. Over a period of time, Fe level showed a pecu-
liar (sigmoid) pattern in the three groups fed organic source.
Increased absorption (higher plasma values) until initial
90 days appears to be due to the lesser interaction among
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minerals, followed by saturation of intestinal mucosal cells
[30] that leads to decreasing trend of absorption (lower plasma
values) in organic groups until the end of the study (day 180).
In contrast to the organic group, level of saturation was not
achieved in the inorganic group until the end of the study to
reduce the absorption of iron; thus, plasma levels were high
until the end of the study.

Similar to present findings, a possibility was explored to
reduce the level of inclusion of Cu and Zn up to 75% [29] in
kids, while in another study [28], 33 and 52% higher bio-
availability of Zn and Cu methionine were observed in ewes.
Organically complexed minerals had a capacity to get easily

absorbed from the intestine compared to the inorganic forms
without interacting with other minerals.

Plasma Antioxidant Enzymes

The balance between the activity and intracellular antioxidant
enzyme levels is important for the health and survival of living
organisms. When ROS formation is higher than the capacity
of their detoxification by cellular antioxidant mechanisms,
oxidative stress occurs and inevitably leads to cellular damage
[31]. Enhancement of ROS formation alters the antioxidant
enzyme activity of blood and tissue, causing lipid

Table 2 Plasma trace mineral profile of buffalo calves fed different sources and levels of trace minerals

Day InOrg100 (C) Org50 (T1) Org75 (T2) Org100 (T3) SEM P value

C*T1 C*T2 C*T3 T1*T2 T1*T3 T2*T3

Iron (ppm)

0 3.78 3.51 4.48ab 4.03 0.291 0.802 0.487 0.792 0.146 0.582 0.684

45 3.46 5.93 6.70cd 7.45 0.450 0.086 <0.001 0.001 0.486 0.387 0.264

90 6.50 8.23 8.60d 9.35 0.778 0.499 0.202 0.161 0.914 0.724 0.782

135 6.83 5.29 5.63bcd 8.94 0.548 0.046 0.209 0.333 0.642 0.056 0.164

180 6.87 3.83 3.93a 4.62 0.387 0.048 0.011 0.026 0.903 0.334 0.317

P value 0.807 0.310 0.008 0.532

Overall meana 5.92 5.82 6.22 7.59 0.326 0.913 0.453 0.097 0.704 0.232 0.276

Zinc (ppm)

0 2.42 1.84b 2.02 1.87 0.201 0.293 0.677 0.321 0.716 0.929 0.840

45 1.27 1.31a 1.55 1.42 0.056 0.697 0.244 0.400 0.127 0.457 0.619

90 1.98 1.59ab 1.69 2.69 0.165 0.226 0.449 0.118 0.852 0.131 0.074

135 1.89 1.82b 1.57 3.03 0.168 0.751 0.035 0.071 0.244 0.028 0.031

180 1.58 1.34a 1.36 1.39 0.043 0.053 0.118 0.110 0.883 0.663 0.855

P value 0.077 0.009 0.265 0.069

Overall meana 1.68 1.52 1.54 2.13 0.077 0.160 0.473 0.043 0.882 0.034 0.045

Manganese (ppm)

0 0.85 0.76 0.73 0.73 0.03 0.348 0.233 0.190 0.557 0.539 0.964

45 0.75 0.71 0.66 0.68 0.02 0.571 0.069 0.195 0.212 0.648 0.650

90 0.87 0.83 0.76 0.71 0.04 0.588 0.380 0.208 0.610 0.395 0.679

135 1.22 1.05 1.07 1.17 0.05 0.203 0.122 0.840 0.684 0.454 0.570

180 0.99 0.87 0.89 0.87 0.02 0.098 0.268 0.021 0.778 0.976 0.595

P value 0.754 0.169 0.609 0.370

Overall meana 0.95 0.86 0.85 0.86 0.02 0.057 0.065 0.184 0.725 0.903 0.867

Copper (ppm)

0 0.77 0.69 0.66 0.66 0.023 0.363 0.237 0.192 0.547 0.513 0.961

45 0.68 0.65 0.60 0.62 0.022 0.586 0.066 0.236 0.185 0.688 0.500

90 0.79 0.75 0.69 0.64 0.034 0.617 0.381 0.211 0.596 0.398 0.701

135 1.11 0.95 0.97 1.07 0.045 0.203 0.121 0.851 0.699 0.448 0.558

180 0.90 0.79 0.81 0.79 0.022 0.100 0.255 0.019 0.785 0.948 0.588

P value 0.728 0.197 0.577 0.401

Overall meana 0.87 0.79 0.77 0.78 0.020 0.052 0.065 0.187 0.714 0.893 0.872

aOverall mean is the average of different day’s observations except day 0
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peroxidation and destruction of membranes of the cells and
subcellular organelle. Increase in levels of plasma ceruloplas-
min with time in organic trace minerals fed groups (Org75 and
Org100) compared to inorganic is indicative of the superior
bio-availability of organic form of minerals. Ceruloplasmin is
a copper-glycoprotein and is indicative of peroxidase activity.
Most changes observed in plasma copper levels are associated

with changes in ceruloplasmin [32]. A similar observation was
reported in the present study.

Zn, Cu, and Mn play a key role in the antioxidant process
[33]. Zn plays an important role in the induction and activation
of GSH-Px in liver cells, thereby reducing free radicals.
Analysis of data regarding dominant antioxidant enzyme
SOD, an ear ly (by day 45) improvemen t a f t e r

Fig. 1 Plasma ceruloplasmin
levels in buffalo calves fed
different sources and levels of
trace minerals

Fig. 2 Plasma SOD enzyme
status in buffalo calves fed
different sources and levels of
trace minerals
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supplementation commenced, as well as overall mean, despite
the reduction of the supplemental level of these minerals up to
75 and 50% as compared to inorganic one indicates higher
bio-availability of these three minerals through their organic
source, as all the three elements are associated with SOD and
had a potential role to scavenge superoxide radicals [34, 35].
In the past, it is shown that organic sources of these elements
were helpful in reducing oxidative stress [36, 37]. Similar to
present findings, supplementation of Zn, Mn, and Cu through
inorganic sulfate salts or chelated form in lactating Holstein
cows [27] and broiler birds [38] (even at reduced levels of
organic source) reported higher levels of blood SOD and re-
duced level of lipid peroxidation in organic minerals fed group
as compared to the group fed inorganic mineral source. Higher
activity of SOD in liver was also reported in organic minerals
fed crossbred pigs [39] as compared to inorganic minerals fed
group.

Despite the reduction of organic mineral supplemental
levels, no reduction was found in FRAP values. These obser-
vations are important for using lower levels of organic min-
erals and support the idea that low level of organic Zn, Cu, and
Mn is required for the activity of the antioxidant system. It is a
well-known fact that element copper is associated with cata-
lytic action, while zinc plays role in the stability of the enzyme
[40] and thus high bio-availability will be capable to cater
higher capacity of scavenging free radicals with reduced dose
rate.

Immune Response

Improvement (though non-significant) in CMI indicates the
superior bio-availability of organic source over inorganic,
even at lower levels of supplementation. Similar to the present
findings, comparable CMI was also observed in grazing,
growing heifers [41] and mid-lactation Holstein cows [26]
by use of Cu, Mn, and Zn through inorganic or organic
sources. Similar to CMI, no negative effect on levels of total
immunoglobulins was observed despite lower levels of sup-
plemental minerals, even up to half in a ration of buffalo
calves. It is known that trace minerals (particularly Zn, Cu,
Mn) could activate Tcells and affect antibody responses in the
body [42]. Organic trace minerals have been shown to in-
crease antibody titer in cows [27, 43, 44], while no difference
on antibody titer against Mannheimia haemolytica, bovine
viral diarrhea types 1 and 2 viruses, was reported between
two sources in Angus × Hereford calves in a recent study
[45]. On the basis of findings of above workers and
observations recorded in the present experiment, it can
be inferred that requirement of calves is definitely lower
than cows and levels of minerals used in the present
study were sufficient to take care of the requirement
of CMI as well as a humoral immune response in buf-
falo calves. Alternatively, it can be stated that the 50%
level of the inorganic source is sufficient and higher
levels are not required for any better performance.

Fig. 3 Plasma FRAP# status in
buffalo calves fed different
sources and levels of trace
minerals
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Table 3 Plasma anti-oxidative status of buffalo calves fed different sources and levels of trace minerals

Day InOrg100 (C) Org50 (T1) Org75 (T2) Org100 (T3) SEM P value

C*T1 C*T2 C*T3 T1*T2 T1*T3 T2*T3

Ceruloplasmin (mg/dL)

0 9.23 8.30 9.15a 9.26a 0.62 0.609 0.974 0.993 0.500 0.382 0.949

45 12.88 9.93 13.43ab 11.35a 0.60 0.016 0.819 0.284 0.183 0.261 0.372

90 12.87 11.88 11.58a 11.28a 0.44 0.241 0.275 0.507 0.621 0.758 0.833

135 30.45 27.87 29.58c 32.70c 0.60 0.065 0.576 0.182 0.028 0.030 0.145

180 20.73 20.08 19.97b 20.28b 0.96 0.548 0.809 0.860 0.975 0.926 0.940

P value 0.424 0.880 0.025 0.049

Overall meana 19.23 17.44 18.64 18.90 0.34 <0.001 0.206 0.784 0.052 0.263 0.827

SOD (% inhibition of MTT reduction by SOD protein)

0 207.67 215.71 236.35b 219.93a 7.09 0.532 0.276 0.495 0.187 0.820 0.504

45 246.23 356.51 347.81b 338.28c 18.25 0.004 0.083 0.050 0.890 0.633 0.881

90 253.78 337.85 344.26c 356.85c 17.16 0.002 0.017 0.166 0.831 0.771 0.832

135 185.70 196.97 186.31a 210.31a 5.94 0.497 0.978 0.048 0.623 0.352 0.197

180 258.53 242.95 257.90abc 267.79b 10.16 0.662 0.990 0.774 0.602 0.013 0.726

P value 0.929 0.699 0.003 0.025

Overall meana 236.06 283.57 284.07 293.31 7.37 0.043 0.019 0.035 0.981 0.637 0.678

FRAP (μmol/L)

0 1476.67 1443.33 1466.67 1560.00c 45.53 0.474 0.936 0.448 0.848 0.318 0.612

45 1032 903.33 930.00 1066.67ab 41.78 0.491 0.250 0.797 0.869 0.328 0.289

90 940.00 976.67 846.67 1283.33abc 72.25 0.809 0.607 0.062 0.180 0.214 0.168

135 853.33 733.33 706.66 800.00a 39.04 0.216 0.318 0.723 0.727 0.623 0.505

180 1293.33 1276.67 1106.67 1496.67bc 73.19 0.932 0.412 0.479 0.298 0.487 0.117

P value 0.345 0.977 0.069 0.012

Overall meana 1029.67 972.50 897.50 1161.67 38.60 0.637 0.354 0.185 0.365 0.178 0.052

aOverall mean is the average of different day’s observations except day 0

Table 4 Cell-mediated and humoral immune response in buffalo calves fed different sources and levels of trace minerals

Hours/days InOrg100 (C) Org50 (T1) Org75 (T2) Org100 (T3) SEM P value

C*T1 C*T2 C*T3 T1*T2 T1*T3 T2*T3

Cell-mediated (delayed type hypersensitivity) immune response (cm)

24 2.96 2.86 3.02 3.22 0.37 0.950 0.968 0.892 0.472 0.589 0.736

48 2.76 2.84 2.88 2.94 0.26 0.931 0.915 0.873 0.920 0.719 0.819

72 2.50 2.64 2.66 2.86 0.19 0.869 0.867 0.660 0.866 0.528 0.599

P value 0.383 0.472 0.634 0.453

Overall mean 2.74 2.78 2.85 3.01 0.19 0.952 0.887 0.775 0.609 0.485 0.516

Plasma total immunoglobulins (IgG + IgM; mg/ml)

0 14.07 13.22 13.12 13.50bc 0.30 0.298 0.397 0.412 0.878 0.699 0.670

45 10.13 9.03 8.38 9.35a 0.23 0.189 0.059 0.337 0.077 0.050 0.014

90 11.88 11.39 10.96 11.29b 0.41 0.808 0.530 0.703 0.671 0.886 0.454

135 12.67 12.83 12.12 13.29bc 0.31 0.866 0.548 0.435 0.272 0.637 0.133

180 14.79 14.43 14.03 14.17c 0.29 0.597 0.402 0.488 0.310 0.654 0.807

P value 0.155 0.219 0.620 0.039

Overall meana 12.37 11.92 11.37 12.02 0.24 0.642 0.274 0.677 0.194 0.804 0.029

aOverall mean is the average of different day’s observations except day 0
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It can thus be concluded that reducing the supplementation
levels of Cu, Zn, and Mn through an organic source in the
ration of buffalo calves as compared to that of inorganic
source did not adversely affect the plasma mineral levels,

antioxidant defense system, and an immune response. These
results, therefore, indicate that Cu, Zn, and Mn from organic
sources can be incorporated at much lower levels in place of
inorganic forms of those minerals.

Fig. 4 Cell-mediated immune
response (DTH#) in buffalo calves
fed different sources and levels of
trace minerals

Fig. 5 Humoral immune
response in buffalo calves fed
different sources and levels of
trace minerals
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