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A Study Whether Blood Serum Mineral Levels in
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Abstract — A study was conducted in 10 male crossbred
calves (HF x Jersey) to examine the mineral levels in blood
serum during different time interval of the day, maintained
under similar dietary and management conditions. Animals
were maintained on normal feeding regime for 120 days,
following which their blood samples were collected at 8:30,
10:30, 12:30, 14:30, 16:30, 18:30 and 20:30 hours of the day,
for estimation of various macro and micro-minerals in blood
serum. It was observed that the levels of various macro and
micro-minerals in blood serum kept fluctuating throughout
the day. The peak levels of calcium (Ca), phosphorus (P),
sulphur (S) and potassium (K) were observed between 8:30
and 10:30 hours of the day, whereas, magnesium (Mg) and
sodium (Na) attained peak levels after 18:30 hour. Similarly,
copper (Cu), zinc (Zn) attained peak levels between 10:30
and 12:30 hours of the day. Peak levels in blood serum for
manganese (Mn), iron (Fe), cobalt (Co) and selenium (Se)
were found to be highly variable from animal to animal at
different hours of the day. By taking blood serum sample at
random during a particular time of the day, while the levels
of only certain minerals may be seen attaining peak levels,
others may be at a much lower concentration than the critical
levels. Based on such observations, it is misleading to judge
the dietary status of minerals, as most of minerals are tightly
regulated in the animal system through homeostatic
mechanism. The results of the study indicated that levels of
macro and micro-minerals in blood serum of ruminants
cannot be considered as an indicator to reflect their dietary
status.
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I. INTRODUCTION

In dairy animals, minerals play an important role in
growth, milk production and reproduction efficiency [1].
Increased demand for minerals during pregnancy, birth or
other physiologically demanding events cannot be met by
the animal’s ration; the skeletal system serves as an
important source for the serum mineral demand, in order
to maintain its normal concentration [2-3]. Because of this
homeostatic regulatory system, levels of minerals in blood
serum are not considered as a good indicator for assessing
the dietary minerals status of dairy animals [4]. Several
agencies assess dietary mineral status of ruminant animals
based on their levels in blood serum, which could be
misleading. To demonstrate this, a study was undertaken
in crossbred male calves maintained on normal ration
under farm conditions. Macro and micro-minerals in blood
serum were tested at different intervals and the results are
reported in this communication.

I1I. MATERIALS AND METHODS

A study was undertaken in ten crossbred (HF x Jersey)
male calves (2-2.5 years age) maintained under farm

conditions. Calves were fed on green fodder, dry fodder,
concentrate mixture and mineral mixture to meet their
protein, energy and minerals requirement, as per the NRC
[5]. The feed was offered twice daily at 8:45 and 15:45
hrs, after discarding residue, if any. All the calves had free
access to clean drinking water throughout a day. Animals
were maintained on this feeding regime for 120 days,
following which their blood samples were collected at
8:30, 10:30, 12:30, 14:30, 16:30, 18:30 and 20:30 hours
interval of the day, in a vacuette tube with serum clot
activator from the jugular vein for estimation of macro and
micro-minerals. For determination of macro and micro-
minerals, serum samples were diluted to 1:5 with 0.1%
(w/v) lanthanum chloride solution. Serum calcium (Ca),
phosphorus (P), magnesium (Mg), sodium (Na), potassium
(K), copper (Cu), zinc (Zn), manganese (Mn), iron (Fe),
cobalt (Co) and selenium (Se) were estimated using
Inductively Coupled Plasma-Optical Emission
Spectroscopy  (Model Optima 3300 RL). The
concentrations of Ca, P, Mg, Na, K and S were expressed
as mg/dl, whereas, concentrations of Cu, Zn, Mn, Fe, Co
and Se were expressed in pLg/ml.

III. RESULTS AND DISCUSSION

3.1 Macro-Minerals Profile in Blood Serum

Levels of macro-minerals (mg/dl) in blood serum of
male calves at different time interval of the day are
presented in Table I. It was observed that the levels of
various macro-minerals in blood serum kept fluctuating
throughout the day. The peak levels of Ca, P, S and K
were observed between 8:30 and 10:30 hours, whereas,
Mg and Na attained peak levels after 18:30 hour.

The serum Ca level varied from 6.30 to 13.16 mg/dl at
different time interval of the day (Figure 1). The peak
level of Ca was attained at 10:30 and 12:30 hours in 80
and 20% animals, respectively. The fluctuation in mineral
level in blood serum of animals may be due to fluctuation
in absorption from intestinal lumen and mobilization from
bones. In the present study, Ca level in the blood serum
below the critical level (<8.0 mg/dl) was observed in many
animals, after attaining peak levels. Collection blood
samples at random during the day time for assessment of
dietary status may not always reflect the true Ca status in
ruminant animals. Assessment of Ca status requires
analysis of bone since approximately 98 to 99% of the
body Ca content is in bone and serum concentrations are
maintained by both diet and turnover of bone matrix [6].
Blood concentrations of macro-minerals are not reflective
of dietary status when the homeostatic system is
functioning properly. Assessment of Ca concentrations
around the time of calving is a useful indicator of how
well the Ca regulatory system is working and potential for
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clinical or subclinical hypo-calcemia problems. Other than
the 2 weeks prior to and following calving, blood Ca is not
a very diagnostic value as a result of the intact regulatory
system.
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The serum Mg level varied from 1.81 to 3.37 mg/dl at
different time interval of the day (Figure 3). The peak
level of Mg was attained at 18:30 hour in 80% animals
(Table I). Assessment of true Mg deficiency would require

12 analysis of bone since approximately 70% of the body
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Fig.3. Level of Mg (mg/dl) in blood serum at
different time interval of the day

The serum P level varied from 5.83 to 13.28 mg/dl at
different time interval of the day (Figure 2). The peak
level of P was attained at 10:30 and 16:30 hours in 60 and
30% animals, respectively. Phosphorus status is somewhat
difficult to measure in animal tissues. Serum and urine P
concentrations can aid in assessing dietary deficiency, but
with mobilization of bone P to maintain serum
concentration, significant drops in serum and urine may
take several weeks to develop. Dietary P and/or response
to supplementation are better indicators of deficiency than

The serum S level varied from 60.28 to 97.95 mg/dl at
different time interval of the day (Figure 4). The peak
level of S was observed at 8:30 hour in 70% animals. The
onward reduction in the blood serum S level may be due to
the utilization by rumen microbes for synthesis of S
containing amino acids.
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Table I: Levels of macro-minerals (mg/dl) in blood serum at different time interval
Element Time Al A2 A3 A4 A5 A6 A7 A8 A9 A10
(hour)
Ca 8:30 8.41 8.99 8.77 9.86 6.30 8.24 8.15 8.00 8.94 7.19
(*CL:<8.0) | 10:30 | 11.16 | 9.43 | 12.02 | 12.05 | 11.31 | 10.79 | 11.85 | 11.27 | 10.95 | 11.84
12:30 9.03 13.16 | 11.82 | 11.90 | 10.51 | 10.86 | 10.93 9.93 8.79 9.18
14:30 7.58 10.39 | 11.01 | 10.52 9.08 10.21 | 10.06 | 10.62 9.26 9.81
16:30 8.05 7.60 7.98 8.24 8.28 10.49 | 10.92 8.64 8.98 10.50
18:30 | 10.11 8.96 9.62 10.38 9.25 8.84 11.25 | 10.69 | 10.72 | 11.07
20:30 9.17 8.51 8.46 8.24 6.76 8.80 8.36 10.04 7.46 9.32
P 8:30 8.56 9.48 7.35 10.05 9.65 9.62 8.85 10.21 | 10.14 9.50
(*CL: <4.5) 10:30 | 10.24 | 13.28 8.86 9.66 11.07 | 10.73 | 10.60 | 11.56 9.77 9.94
12:30 9.90 10.72 7.27 8.80 9.80 8.76 9.89 9.20 8.23 5.83
14:30 6.52 10.64 7.26 8.75 8.93 7.93 8.98 9.00 8.55 8.85
16:30 8.75 7.57 6.67 7.54 8.17 9.61 11.42 8.55 10.87 | 10.54
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1022 | 767 | 9.15 | 843 | 883 | 9.08 | 1087 | 8.81 | 10.06
867 | 650 | 790 | 7.76 | 809 | 818 | 959 | 7.86 | 8.6
309 | 222 | 287 | 294 | 230 | 222 | 288 | 253 | 252
(*CL:<1.20) [ 10:30 | 2.54 | 3.14 | 259 | 281 337 | 269 | 254 | 298 | 227 | 261
1230 | 2.60 | 3.08 | 2112 | 274 | 328 | 245 | 244 | 279 | 2.02 1.91
1430 | 1.81 | 326 | 251 | 272 | 294 | 235 | 239 | 3.02 | 219 | 253
16:30 | 231 | 274 | 230 | 252 | 3.06 | 282 | 296 | 274 | 259 | 3.00
18:330 | 295 | 334 | 275 | 3.13 | 329 | 249 | 3.10 | 3.63 | 2.87 | 3.04
20:30 | 273 | 3.02 | 226 | 251 254 | 247 | 265 | 261 | 209 | 246
S 8:30 | 90.84 | 95.94 | 92.46 | 96.23 | 94.08 | 91.79 | 84.66 | 92.82 | 99.41 | 113.14
(*CL:<75) | 10:30 | 71.49 | 82.21 | 7475 | 65.91 | 73.45 | 73.13 | 7023 | 70.74 | 61.40 | 79.80
12:30 | 7323 | 69.07 | 60.28 | 69.52 | 71.10 | 68.43 | 73.74 | 68.04 | 73.90 | 64.73
14:30 | 66.86 | 97.95 | 89.08 | 84.47 | 83.40 | 83.22 | 86.72 | 96.04 | 76.70 | 94.63
16:30 | 90.59 | 77.84 | 8526 | 82.16 | 92.37 | 78.50 | 8533 | 67.98 | 72.97 | 87.59
18:30 | 83.60 | 78.58 | 75.62 | 73.81 | 77.58 | 72.88 | 90.74 | 90.52 | 77.37 | 88.68
20:30 | 77.08 | 69.98 | 64.38 | 61.48 | 66.70 | 69.38 | 67.08 | 78.81 | 60.48 | 77.07
K 8:30 | 25.98 | 22.53 | 26.48 | 31.11 | 28.56 | 30.59 | 32.75 | 28.67 | 38.54 | 33.49
(**CL:<25) | 10:30 | 27.89 | 30.04 | 27.66 | 28.65 | 25.66 | 29.50 | 32.67 | 27.70 | 28.22 | 26.16
12:30 | 26.84 | 24.74 | 23.66 | 25.81 | 27.40 | 23.96 | 26.81 | 24.30 | 23.67 | 15.15
14:30 | 17.65 | 25.67 | 26.60 | 25.25 | 23.63 | 22.28 | 24.67 | 21.35 | 24.65 | 24.47
16:30 | 22.37 | 18.84 | 21.26 | 20.32 | 22.90 | 25.79 | 31.19 | 19.11 | 31.68 | 28.99
18:30 | 26.76 | 2330 | 26.80 | 24.92 | 21.17 | 22.70 | 32.28 | 25.68 | 31.80 | 26.60
20:30 | 23.33 | 20.13 | 21.84 | 21.47 | 2096 | 21.53 | 19.09 | 26.21 | 24.57 | 22.29
Na 8:30 | 309.63 | 297.50 | 299.75 | 333.38 | 295.58 | 330.59 | 339.12 | 322.53 | 392.61 | 381.25
(**CL:<300) | 10:30 | 329.56 | 340.32 | 327.11 | 319.77 | 314.48 | 325.89 | 330.41 | 315.25 | 310.77 | 305.15
12:30 | 310.09 | 282.13 | 256.37 | 320.01 | 310.22 | 302.75 | 312.70 | 293.51 | 270.41 | 208.11
14:30 | 227.03 | 315.21 | 320.40 | 310.30 | 294.71 | 281.65 | 310.15 | 334.85 | 285.62 | 303.48
16:30 | 307.57 | 266.09 | 289.30 | 289.29 | 306.51 | 372.46 | 391.19 | 321.28 | 352.46 | 363.08
18:30 | 352.04 | 339.40 | 343.61 | 350.68 | 350.79 | 318.96 | 372.92 | 427.51 | 366.40 | 362.47
20:30 | 333.26 | 299.79 | 292.64 | 279.86 | 266.98 | 288.65 | 283.69 | 349.96 | 295.55 | 302.74
CL=Ceritical levels,*[7],** [8]

The serum K level varied from 15.15 to 38.54 mg/dl at measuring Na and K deficiency, but disease states can
different time interval of the day (Figure 5). The peak cause electrolyte shifts that result in lowered serum or
level of K was attained at 10:30 and 12:30 hours in 60 and  urinary Na and K even when dietary concentrations are
30% animals, respectively. Tissue concentrations of Na  adequate. In addition, serum that is haemolyzed or left on
and K poorly correlate with dietary deficiency.
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The serum Na level varied from 207.11 to 427.51 mg/dl

the clot too long may have falsely increased K
concentration due to loss from the red blood cells. Thus,
dietary Na and K concentrations are a better guide to
assess mineral status of dairy animals.
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at different time interval of the day (Figure 6). Of the different time interval of the day
animal samples available, serum and urine are the best for
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3.2 Micro-Minerals Profile in Blood Serum

Levels of micro-minerals (ug/ml) in blood serum of
male calves at different time interval are presented in
Table II. The serum Cu level in animal to animal varied
from 0.42 to 0.97ug/ml at different time interval of the day
(Figure 7). Peak level of Cu was attained between 10:30
and 16:30 hours of the day. The Cu level in blood serum
kept fluctuating throughout the day. In view of this, the
best method for assessing Cu status is via analysis of liver
tissue, although much testing is performed on serum.
Serum concentration does not fall until liver Cu is
significantly depleted.
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Fig.7. Level of Cu (ug/ml) in blood serum at
different time interval of the day

The serum Zn level varied from 0.49 t02.16 ug/ml at
different time interval of the day. The peak level of Zn
was attained at 10:30 and 12:30 hours in 50 and 30%
animals, respectively (Figure 8). Tissue and serum Zn
concentrations do not reflect body status well [9]. It has
been suggested that pancreas Zn concentration is the best
means of truly assessing Zn status.
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Peak levels in blood serum for Mn, Fe, Co and Se were
found to be highly variable from animal to animal at
different time interval (Figures 9-12). Of the samples
available, liver is the most indicative of whole body status
of Mn, followed by whole blood, and then serum. As red
blood cells have higher Mn concentration than serum,
haemolysis can result in increased serum concentration.

0.09

0.08 }\
0.08

0.07 II A\

0.06

002 14

0.04

Mn level in serum (pg/ml)

08:30 10:30 12:30 14:30 16:30 18:30 20:30
Time (Hour)
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Table II: Levels of micro-minerals (ug/ml) in blood serum at different time interval

Element Time Al A2 A3 AS A6 A7 A8 A9 A10
(hour)
Cu 830 | 073 | 059 | 075 | 078 | 077 | 077 | 068 | 067 | 093 | 075
(*CL:<0.65) | 1030 | 086 | 0.72 | 093 | 080 | 0.81 | 096 | 083 | 074 | 084 | 073
1230 | 091 | 068 | 073 | 081 | 073 | 080 | 083 | 073 | 070 | 042
1430 | 060 | 065 | 082 | 075 | 065 | 074 | 074 | 074 | 071 | 0.66
1630 | 086 | 050 | 077 | 074 | 071 | 088 | 089 | 071 | 097 | 079
18:30 | 092 | 067 | 075 | 087 | 073 | 072 | 084 | 096 | 097 | 070
20:30 | 078 | 057 | 062 | 063 | 068 | 069 | 0.66 | 071 | 0.88 | 0.59
Zn 830 | 095 | 1.10 | 150 | 195 | 112 | 106 | 1.02 | 085 | 094 | 123
(*CL:<0.80) 1030 | 154 | 146 | 192 | 201 | 125 | 158 | 173 | 170 | 216 | 2.13
1230 | 132 | 204 | 214 | 180 | 103 | 191 | 175 | 111 | 137 | 1.64
1430 | 095 | 105 | 142 | 123 | 127 | 116 | 138 | 085 | 173 | 1.97
16:30 | 0.83 | 075 | 084 | 074 | 087 | 078 | 127 | 053 | 099 | 099
18:30 | 0.95 | 096 | 089 | 1.10 | 075 | 080 | 131 | 059 | 130 | 112
20:30 | 0.84 | 075 | 076 | 137 | 066 | 094 | 049 | 123 | 076 | 0.93
Mn 8:30 | 0.031 | 0.113 | 0.025 | 0.013 | 0.066 | 0.053 | 0.028 | 0.047 | 0.020 | 0.039
(*CL:<0.02) | 10:30 | 0.066 | 0.089 | 0.100 | 0.075 | 0.131 | 0.088 | 0.053 | 0.058 | 0.095 | 0.072
12:30 | 0.065 | 0.095 | 0.083 | 0.054 | 0.069 | 0.061 | 0.068 | 0.055 | 0.037 | 0.059
14:30 | 0.055 | 0.050 | 0.059 | 0.101 | 0.039 | 0.041 | 0.062 | 0.049 | 0.049 | 0.048
16:30 | 0.053 | 0.026 | 0.043 | 0.057 | 0.041 | 0.049 | 0.055 | 0.039 | 0.129 | 0.055
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0.045 | 0.037 | 0.061 | 0.026 | 0.053 | 0.077 | 0.040 | 0.082 | 0.073
0.036 | 0.035 | 0.046 | 0.199 | 0.038 | 0.046 | 0.039 | 0.072 | 0.056
: . 1.46 1.58 1.88 3.91 2.40 | 3.33 2.77 2.62 2.60
(CL:<L10) | 10:30 | 157 | 275 | 286 | 264 | 245 | 291 | 336 | 3.1 | 198 [ 2.99
12:30 | 2.12 2.76 3.20 2.23 2.62 | 238 | 3.00 2.33 1.60 1.80
14:30 | 3.10 3.06 2.62 3.98 2.14 | 248 | 2.88 2.80 1.67 2.20
16:30 1.16 1.40 1.45 1.30 1.79 1.94 | 2.48 1.65 1.56 1.98
18:30 1.26 1.61 1.86 1.51 1.45 1.67 1.66 2.01 1.54 1.98
20:30 1.08 1.15 1.27 1.51 1.42 | 2.08 1.46 1.71 1.26 1.96
Co 8:30 | 0.007 | 0.004 | 0.002 | 0.002 | 0.010 | 0.004 | 0.004 | 0.003 | 0.007 | 0.007
(*CL: <0.007) | 10:30 | 0.008 | 0.012 | 0.016 | 0.011 [ 0.046 | 0.007 | 0.009 | 0.008 | 0.009 | 0.007
12:30 | 0.015 | 0.026 | 0.010 | 0.006 | 0.004 | 0.006 | 0.006 | 0.004 | 0.003 | 0.004
14:30 | 0.005 | 0.002 | 0.005 | 0.014 | 0.011 | 0.006 | 0.032 | 0.006 | 0.012 | 0.012
16:30 | 0.008 | 0.011 | 0.008 | 0.006 | 0.007 | 0.006 | 0.010 | 0.004 | 0.006 | 0.005
18:30 | 0.005 | 0.005 | 0.005 | 0.010 | 0.002 | 0.003 | 0.003 | 0.006 | 0.008 | 0.011
20:30 | 0.005 | 0.006 | 0.006 | 0.005 | 0.004 | 0.002 | 0.003 | 0.002 | 0.004 | 0.005
Se 8:30 | 0.088 | 0.091 | 0.081 | 0.067 | 0.074 | 0.055 | 0.091 | 0.062 | 0.063 | 0.039
(*CL:<0.03) | 10:30 [ 0.108 | 0.113 | 0.103 | 0.077 [ 0.107 | 0.070 | 0.048 | 0.034 | 0.042 | 0.049
12:30 | 0.095 | 0.045 | 0.094 | 0.086 | 0.104 | 0.092 | 0.087 | 0.109 | 0.079 | 0.072
14:30 | 0.081 | 0.110 | 0.094 | 0.102 | 0.086 | 0.103 | 0.100 | 0.094 | 0.086 | 0.095
16:30 | 0.082 | 0.076 | 0.084 | 0.087 | 0.073 | 0.077 | 0.089 | 0.069 | 0.062 | 0.088
18:30 | 0.076 | 0.053 | 0.070 | 0.064 | 0.065 | 0.079 | 0.074 | 0.082 | 0.070 | 0.080
20:30 | 0.068 | 0.075 | 0.065 | 0.085 | 0.090 | 0.098 | 0.067 | 0.062 | 0.097 | 0.070
CL=Ceritical levels,*[7].
The normal serum concentration of Mn is quite low. 0.015
This could probably due to high turnover of Mn in blood c
serum. Both liver and serum concentrations are commonly g 2'213
utilized to assess Fe deficiency. When using serum to g oon
measure Fe concentration, samp}ies that have ividence of E 0.009 / \VA
haemolysis should not be used, as they will have é 0.007 / \\
artificially increased Fe concentration from the ruptured LZ 0.005 4 J
red blood cells. = e
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g g \ different time interval of the day
% i:i . . . . . . * . Appropriate assessment of mineral status involves
= 08:30 1030 12:30 14:30 1630 1830  20:30 thorough evaluation of groups of animals. The evaluation
I should include a thorough health history, feeding history,

Fig.10. Level of Fe (ug/ml) in blood serum at
different time interval of the day

Tissue and serum concentrations of Co are generally
quite small, as the vitamin B, is produced in the rumen by
the microflora. Since Co concentrations may not truly
reflect the vitamin B;, concentrations, the most
appropriate analysis for Co deficiency is the direct
quantification of liver vitamin B,,. Liver concentrations of
Cu, Mn, Zn and Se provide the best indication of trace
mineral status in ruminant animals [1].

supplementation history and analysis of several animals
for their mineral status. If minerals are deemed to be
adequate in the diet but the animals are found to be
deficient, antagonistic interactive effects of other minerals
need to be investigated. A variety of factors such as
exercise, stress, excitation during blood sampling, hour of
the day, feeding time, season, animal’s age and level of
vitamin supplementation have an influence on the serum
mineral levels [10-11].
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Serum mineral levels are frequently used in assessment
mineral status of dairy animals, which could be
misleading. Homeostatic control mechanisms can limit
changes in mineral concentrations in blood serum until
endogenous reserves are substantially depleted [12].

IV. CONCLUSION

By taking blood serum sample at random during a
particular time of the day, while the levels of only certain
minerals may be seen attaining peak levels, others may be
at a much lower concentration. Based on such
observations, it is misleading to judge the dietary status of
minerals, as most of minerals are tightly regulated in the
animal system through homeostatic = mechanism.
Considering total dietary mineral intake from feed
resources and minerals requirement for different
productive and reproductive functions is the best option
for assessing dietary mineral status in ruminant animals.
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