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ABSTRACT

The present investigation was conducted to compare milk minerals and constituents in different bovine species
and breeds. The genetic and non-genetic factors affecting milk fat, protein and milk mineral composition in crossbred
cattle were investigated. The effect of breeds was highly significant on copper (Cu), zinc (Zn), manganese (Mn),
sodium (Na), potassium (K), fat and protein, significant (p<0.05) on calcium (Ca) and non-significant on phosphorus
(P) and iron (Fe) content. The Ca, Cu, fat and protein were significantly higher in Murrah buffalo followed by
Tharparkar cattle and crossbred cattle. However, Mn and Zn were higher in Tharparkar cattle followed by Murrah
buffalo and crossbred cattle. Tharparkar milk was also rich in Naand K followed by crossbred cattle and Murrah
buffalo. The effect of parity was highly significant only on Mn, whereas, effect of lactation stage (L S) was significant
on Feand Cuin milk of crossbred cattle. The effect of Test Day Milk Yield (TDMY') was significant on Fe and Cu.
The product moment correlation was highest (0.414) between Zn and Fe and lowest (-0.347) between Cu and Zn.
Among milk minerals, the estimates of heritability for Fe, Caand Mn were moderate, whereas it was low for other

minerals in crossbred cattle.
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Milk is primarily composed of water, proteins, amino
acids, lactose, vitamins, lipids, fatty acids and minerals.
The milk pricing system is mainly based on quantity of
milk fat and protein in milk. Milk minerals have a pivotal
role in humans and anima body not only in structural,
biochemical, catalytic and nutritional functions but also
in al spheres. Thus, adequate levels of minerals in the
diet are very essential. Minerals such as Ca, P, Na, K, Cl,
[, Mg and iron are mainly present in milk. Among all
these minerals, Ca and P constitute a larger fraction in
cow milk, which is essential for bone growth and proper
development of newborns. Content of different milk
constituents is affected by several factors which can be
either genetic or non-genetic such as lactation period,
animal breed, climate, season, dietary composition of
animal feed. But scientific literature pertaining to milk
mineral composition of different Indian breeds is scanty.
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In India, there are numerous breeds of indigenous as well
as crossbred cattle and buffalo and further al of them
have different genetic makeup which may influence the
milk composition. The nutritional value of milk of Indian
cows is the highest along with many curative properties
against diseases. Cow ghee prepared in traditional manner
using milk/fat of indigenous cows, works better for human
health and posses highest organoleptic properties. Recently,
it has been established that majority of indigenous cattle
produces A2 milk which are not stimulating immunogenic
reaction or gastro-intestinal disorder specially in children
unlike A1 milk of exotic or their crosssbred cattle. So,
depending upon these facts aim of the present study was
to estimate Ca, P, Fe, Cu, Mn, Zn, Na, K, fat and protein
contents in milk of Murrah buffaloes, Tharparkar and
crossbred cattle. Haug et al. (2007) reported that lactation
stage of the dairy animals affected mineral composition.
Recently, Buitenhuis et al. (2015) found high heritability
in Danish Holstein (DH) cattle for Ca (0.72), Zn (0.49)
and P (0.46), while for Danish Jersey (DJ), high
heritabilities were found for Ca (0.63), Zn (0.57) and Mg
(0.57). Limited number of studies are available on the
effect of genetic and non-genetic factors on milk mineral
constituents. The aim of this study was to compare milk
mineral and constituents in different bovine breeds and to
find out the effect of genetic and non-genetic factors on
traits under investigation of crossbred cattle.
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MATERIALS AND METHODS

Experimental animals and farm: The present study was
carried out at cattle and buffalo farm of the Indian Veterinary
Research Institute, |zatnagar, which falls in the upper
Gangetic plain region of Indiaafter including104 crossbred
cows, 10 Tharparkar cows and 33 Murrah buffaloes. The
mean annual temperature is about 21°C, whereas the
temperature ranges between 5°C and 40°C. The region
receives an annual rainfall approximately 900 to 1200 cm.
Animals were maintained under the loose housing system
and nutritional requirements of animals were fulfilled
through a balanced combination of dry and green fodder
with concentrate mixture supplementation. Milk recording
was done from the first day of calving till date of drying
and calves weaned immediately after birth. Vaccination,
deworming and spraying of these animals were done
regularly as per recommendation.

Milk samples and chemical analysis. Approximately
40 ml of fresh milk samples were collected from each
animal in well cleaned and autoclaved plastic sample
bottles. The milk samples were collected twice from each
animal, first in month of December and second in month of
March. Before taking the sample it was ensured that it
should be thoroughly mixed. Milk sampleswere transported
to the laboratory as soon as possible and were processed
immediately. Total fat and protein percentage was
determined by using Lactoscan. Calcium and phosphorus
estimation was done as per the Talapatra et al. (1940) in
milk samples. The Naand K estimation was done by flame
photometer, whereas, trace minerals (Zn, Cu, Fe, Mn) in
different milk sampleswere estimated by atomic absorbance
spectrophotometer in their mineral extracts.

Satistical analysis: The Proc GLM procedure of SAS
9.3 was used for estimation of the effects of various non-
genetic factorson milk mineral and milk constituent’straits.
Fixed effect model used for estimating the effect of breed
type was:

Yij=Hu+Bi.q;

whereY ; isthej™ observation of i"" breed, B; is effect of
it breed type (i=1 to 3); g; is random error (NID 40, 62).
Further, the effect of genetic and non-genetic factors was
estimated using least squares mixed models as given below;

Yijmn= L+ S+ Mj+ P+ L+ Ty + 8jgmn

where Y is the n' observation (traits) of i sire
recorded in j™ month of k! lactation order at I lactation
stage having m" level of test day milk yield, S;is effect of
isire (i=1to n); M iseffect of j™ month of milk collection
(=1to 2); P, iseffect of k" parity (k=1to 5); L, is effect of
stage of lactation (I=1to 3) and &y, israndom error (NID
4 0, 62y). For al milk minerals (except Na and K), fat
percentage and protein percentage, the above mentioned
mixed model was used. However, since Na and K content
of milk was estimated only once in month of December,
hence effect of month of collection was removed from
model for analyzing the Naand K data.
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RESULTS AND DISCUSSION

Estimates of different milk constituents: Theleast squares
means of different milk mineral and constituents of different
bovine breeds is presented in Table 1. The least-squares
means of crossbred cattle for Ca, P, Fe, Cu, Mn, Zn, fat,
protein, Na and K were 1441+0.03 mg/l, 1268+0.02 mg/l,
9.680+0.22 mg/l, 1.103+0.04 mg/l, 1.104+0.04 mg/l,
3.77+0.10 mg/l, 4.28+0.08%, 2.81+0.01%, 21.404+0.44
meq/l and 33.442+0.61 meq/l, respectively, whereas, for
Murrah buffalo were 1598+0.04 mg/l, 1246+0.04 mgl/l,
9.186+0.35 mg/l, 1.478+0.07 mg/l, 2.061+0.04 mg/l,
4.83+0.21 mg/l, 7.69+0.25%, 3.16+0.02%, 16.607+0.58
meq/l and 27.424+0.68 meq/l, respectively, and for
Tharparkar cattle were 1502+0.07 mg/ml, 1251+0.10
mg/ml, 8.772+0.79 mg/l, 1.406+0.11 mg/l, 2.128+0.09
mg/l, 5.39+0.30 mg/l, 4.49+0.24%, 3.00+0.03%, 22.8+1.81
meq/l and 36.400+1.52 meq/I, respectively.

Effect of bovine breed type: The effect of breeds was
highly significant (P<0.01) on Cu, Zn, Mn, Na, K, fat and
protein, significant (P<0.05) on Ca and non-significant on
P and Fe content. The Ca, Cu, fat and protein were
significantly higher in Murrah buffalo followed by
Tharparkar cattle and then crossbred cattle. However, Mn
and Znwere higher in Tharparkar cattlefollowed by Murrah
buffalo and then crossbred cattle. Tharparkar milk was also
rich in Na and K followed by crossbred cattle and then
Murrah buffalo. The milk of crossbred cattle was only rich
in Feascompared to Murrah buffaloesand Tharparkar céttle
(Table 1). Mariani et al. (2002) found that amount of Ca,
and P in Holstein-Friesian was significantly lesser (7%)
than the Brown Swiss, Reggiana and Modenese breeds.
Toffanin et al. (2015b) reported that Holstein-Friesian has
low Caand P in milk because Ca and P bound to casein,
and milk of HF cow has lower casein content than Brown
Swiss cow’s milk (De Marchi et al. 2008). Whereas,
Kayasthaet al. (2008) reported that the milk of native cattle
of Asom has higher fat% (5.34+0.06), SNF (8.54+0.03) and
protein (%) content (3.04+0.03) compared to most of the
Indian breeds of cattle.

Calcium (Ca) concentration: In the present study,
estimates of Ca varied from 171 to 3210 mg/l, 1004 to
2379 mg/l, 1072 to 1930 mg/l inthe milk of crossbred cattle,
Murrah buffalo and Tharparkar cattle respectively.
Zamberlin et al. (2012) revealed the range of Ca varied
from 107 to 133 mg/100 g in cow milk. The least squares
mean of Ca was significantly (P<0.05) highest in Murrah
buffalo (1598+0.04 mg/l) followed by Tharparkar cattle
(1502+0.07 mg/l) and crossbred cattle (1441+0.03 mg/l).
However, Toffanin et al. (2015b) reported lower (1171
mg/l) mean concentration of Cain Holstein-Friesian cows,
whereas, Rodriguez et al. (2001) reported a higher
concentration in fresh cow milk (1653+207 mg/l) as well
asin sterilized cow milk (1309+62 mg/l).

Phosphorus (P) concentration: Theestimatesof Pranged
from 535 to 2475 mg/l, 649 to 2108 mg/I, and 408 to 2360
mg/l in milk of crossbred cattle, Murrah buffalo and
Tharparkar cattle, respectively. However, Tongato (2015)
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of crossbred cattle: The least squares analysis of variance
(mean squares only) of milk Ca, P, Fe, Cu, Mn, Zn, Na, K,
fat and protein in crossbred cattle are presented in Table 2.

Effect of month of sample collection on milk mineral
and constituent traits: The concentration of P, Fe, Mn, Zn
and protein in crossbred cattle were higher in March month
whereas Ca, Cu and Fat were higher in December month
(Table 2). The effect of month was not investigated on milk
Na and K concentration because these minerals were
estimated only once in month of December. Nantapo and
Muchenje (2013) reported that milk in spring had
significantly lower concentrations of zinc, copper, sodium,
magnesium, aluminium, boron, iron and manganese but
more abundant phosphorus than milk in winter in Friesian,
Jersey and crossbred (FriesianxJersey) cows. Rodriguez et
al. (2001) reported that the mean contents of Feand Cu in
cow milk from Canary Island remained approximately
constant during the year. They found that Zn in milk was
lower during autumn than during winter and spring. L owest
fat% (3.33+0.03) in milk was reported by the Mishra and
Joshi (2004) from Karan Fries cows during the rainy season.

Effect of parity on milk mineral and constituent traits:
The effect of parity was highly significant only on Mn,
whereasfor Ca, P, Fe, Cu, Zn, K, Na, fat and protein it was
non-significant (Table 2). The Mn content remained low in
1%t and 2" parity after that it increased up to 4™ parity and
again decreased thereafter in crossbred cows. The
concentration of Zn increased with lactation order. Lal and
Narayan (1984) reported that milk fat (4.9+0.02%) and SNF
(9.1+0.01%) contents attained a peak value in the third
lactations and declined thereafter to the minimum
(4.8+0.06% fat and 9.0+0.05 SNF) in the 10" parity of
Sahiwal cows, whereas, it was observed that in Tharparkar,
Red Sindhi and Karan swiss cow parity had no significant
effect on fat percentage. Mishra and Joshi (2004) reported
that the milk constituents had higher value in 1% parity in
Karan-Fries cows. According to Toffanin et al. (2015b),
there is reduction of minerals, mainly Ca and P, has been
detected across parities in HF cows.

Effect of lactation stage on milk mineral and constituent
traits: The effect of lactation stage (L S) was significant on
Fe and Cu and highly significant on Na, whereas it was
non-significant for Ca, P, Mn, Zn, K, fat and protein
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(Table 2). The Cu content was high in 1% lactation stage,
then decreased in 2" and 3'¥ |actation stage in crossbred
cattle, whereas, Fe and Na reported an opposite trend.
Toffanin et al. (2015b) reported Ca, P and Mg contents are
high at the beginning of lactation, then decrease until 6to 8
weeks and increase thereafter in HF cows. Although some
researcher (Haug et al. 2007, Van Hulzen et al. 2009,
Zamberlin et al. 2012) found different results. The
potassium content is low in colostrum and it increases
gradually in milk (Zamberlin et al. 2012). However, some
studies found a different trend (Gaucheron 2005, Van
Hulzen et al. 2009). Sodium concentration was high in
colostrum and at the end of lactation in Holstein cows
(Kume et al. 1998, Gaucheron et al. 2005, Zamberlin et al.
2012). Sarkar et al. (2006) estimated significant effect of
lactation stage for protein, SNF, lactose, total solid and
casein% increases in the later stages but not fat% in
Tharparkar cows.

Effect of TDMY on milk mineral and constituent traits:
Effect of TDMY was significant on Fe and Cu, whereasits
effect was non-significant on Ca, P, Mn, Zn, K, Na, fat and
protein percentage. The content of Fe was low in cows
yielding 8 to 14 kg milk per day, whereas, it increased in
low and high milk producer cows. But, the content was
high in cows yielding 8 to 14 kg milk yield, whereas, it
decreased in low and high milk producer cows.

Heritability of milk minerals and constituent traits in
crossbred cattle: A low estimate heritability was observed
for milk Cu (0.044+0.14), Zn (0.017+0.13), Na(0.096+0.29)
and fat (0.097+0.16); however, for milk, Ca (0.126+0.19),
Fe (0.218+0.21) and Mn (0.246+0.22) had a moderate
estimate of heritability. The heritability of K could not be
estimated because of failure of matrix inversion during least
squares analysis. The protein percentage had highest
heritability (0.392+0.27) because of its narrow range of
variability without any selection for protein percentage. The
trait having a wider range of variability are expected to
have lower heritability which may be areason for moderate
to low heritability for milk minerals. Hence, till a few
generation individual selection is not implemented under
uniform managemental conditions, it is quite difficult to
narrow down the existing wider range of individual minerals
in milk so that its heritability could be improved. The milk

Table 3. Product moment correlation among various milk minerals and constituents in crossbred cattle

P Fe Cu Mn Zn Fat Protein Na K
Ca 0.177* 0.108 0.071 0.113 -0.090 -0.080 -0.041 -0.050 -0.057
P 0.156* -0.083 0.133 0.189* -0.080 -0.039 0.060 -0.008
Fe -0.231** 0.301** 0.414** -0.040 0.028 0.090 0.103
Cu 0.011 -0.347%* -0.010 -0.091 0.020 -0.117
Mn 0.162* -0.080 0.042 -0.125 -0.304**
Zn 0.020 0.062 0.160 -0.075
Fat -0.082 0.010 -0.071
Protein -0.010 0.041
Na 0.189

**Significant at 1% level; * Significant at 5% level
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fat percentage is a prime targeted trait in selection
programme in tropical country like India which
consequently reduced its additive genetic variance and
heritability. Thelowest heritability valuefor fat (0.11+0.15)
had been reported in Hariana cows (Kaushik and Tandon
1979). But highest heritability of fat (0.74%) had been
reported in Black and white cows in the Netherlands
(Meinert et al. 1989). The heritability estimatesranged from
0.13 to 0.29 for fat, protein and SNF in KF (Mishra and
Joshi 2004). Soyeurt et al. (2008) estimated heritability of
0.47 for P and 0.42 for Ca, while Toffanin et al. (2015b)
reported lower heritability of 0.12 for P.and 0.10 for Cain
HF cows. Buitenhuis et al. (2015) found high heritability
in Danish Holstein (DH) cattle for Ca (0.72), Zn (0.49),
and P (0.46), while for Danish Jersey (DJ), the heritability
was high for Ca (0.63), Zn (0.57), and Mg (0.57).
Furthermore, intermediate heritability was found for Cu in
DH, and for K, Na, P and Se in the Danish Jersey.

Product moment correlation among milk fat, protein and
mineral in crossbred cattle: The product moment correlation
among milk fat, protein, Ca, P, Fe, Cu, Mn, Zn, Naand K
arepresented in Table 3. Product moment correl ation ranged
from -0.090 (Zn) t0 0.177 (P) with Ca, -0.083 (Cu) t0 0.189
(Zn) with P, -0.231 (Cu) to 0.414 (Zn) with Fe, -0.347 (Zn)
to 0.071 (Ca) with Cu, -0.304 (K) to 0.301 (Fe) with Mn,
-0.347 (Zn) t0 0.414 (Fe) with Zn, -0.287 (TDMY) t0 0.189
(K) with Na, -0.304 (Mn) to 0.189 (Na) with K, -0.082
(protein) to 0.020 (Zn) with Fat and -0.091 (Cu) to 0.062
(Zn) with protein. Toffain et al. (2015a) reported that
correlation of protein with Ca, Mg and P were shown
because these mineralsare bound with milk protein (Casein
micelles). Tongato (2015) reported a moderate pearson
correlation of Cawith K (0.55) and Na (0.42), and strong
pearson correlation with Mg (0.81) and P (0.77); however,
K was moderately correlated with Mg (0.52), P (0.56) and
Na (0.35), whereas, P and Na were moderately correlated
(0.30) in milk of four cattle breeds (HF, BS, Simmental
and Alpine Grey).

Theeffect of bovine breed type was observed to be highly
significant on milk constituent traits. Where, Murrah
buffaloes and Tharparkar cattle had significantly better
mineral profile over crossbred cattle. This study showed
the superiority of indigenous animal over the crossbred in
respect to milk mineral profile. It is nation’s responsibility
to cease cross breeding programmes and protect the purity
of desi breeds. The mgjority of non-genetic factors under
investigation (other than month of collection) had no
significant effect on milk mineral constituents, which
suggested role of genetics asamajor source of variation in
milk minerals. Among milk minerals, the estimates of
heritability for Fe, Ca and Mn were moderate to high
whereasfor other mineralsit waslow. However, it needsto
be investigated on large population.
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