
Citation: An, Z.; Luo, G.; Gao, S.;

Zhang, X.; Chen, C.; Yao, Z.; Zhao, J.;

Lv, H.; Niu, K.; Nie, P.; et al.

Evaluation of Parity Effect on

Characteristics and Minerals in

Buffalo (Bubalus Bubalis) Colostrum

and Mature Milk. Foods 2023, 12,

1321. https://doi.org/10.3390/

foods12061321

Academic Editor: Gabriele Rocchetti

Received: 17 January 2023

Revised: 16 March 2023

Accepted: 17 March 2023

Published: 20 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

foods

Article

Evaluation of Parity Effect on Characteristics and Minerals in
Buffalo (Bubalus Bubalis) Colostrum and Mature Milk
Zhigao An 1,2,3,† , Gan Luo 1,2,3,†, Shanshan Gao 1,2,3, Xinxin Zhang 1,2,3, Chao Chen 1,2,3, Zhiqiu Yao 1,2,3,
Junwei Zhao 1,2,3 , Haimiao Lv 1,2,3, Kaifeng Niu 1,2,3, Pei Nie 1,2,3 and Liguo Yang 1,2,3,4,*

1 National Center for International Research on Animal Genetics, Breeding and Reproduction (NCIRAGBR),
Ministry of Science and Technology of the People’s Republic of China, Huazhong Agricultural University,
Wuhan 430070, China

2 Key Laboratory of Animal Genetics, Breeding and Reproduction, Ministry of Education, College of Animal
Science and Technology, Huazhong Agricultural University, Wuhan 430070, China

3 International Joint Research Centre for Animal Genetics, Breeding and Reproduction (IJRCAGBR),
Huazhong Agricultural University, Wuhan 430070, China

4 Hubei Province’s Engineering Research Center in Buffalo Breeding and Products, Wuhan 430070, China
* Correspondence: ylg@mail.hzau.edu.cn
† These authors contributed equally to this work.

Abstract: Colostrum is a vital performance for buffaloes and potentially functional foods in the future.
Therefore, this study aimed to evaluate the difference between the parity of buffalo colostrum and
mature milk. Twenty pregnant buffaloes (primiparous = 10; multiparous = 10) were assigned to
the same diet prepartum and milking routine postpartum. Calves were separated from the dams
immediately after birth and colostrum was harvested within 2 h, whilst mature milk was harvested
at 7 days postpartum. The colostrum was analyzed for immunoglobulin G and milk composition as
the mature milk. The results showed that there was a higher level of protein, solid not fat, and milk
urea nitrogen (p < 0.05), with a tendency for higher total solids (p = 0.08) in primiparous buffaloes’
colostrum compared with multiparous. No parity effect was observed in colostrum immunoglobulin
G, fat, lactose, and yields of colostrum and composition (p > 0.05). There was no difference in mature
milk composition and yield by parity affected (p > 0.05). Compared with mature milk composition,
colostrum had a higher content protein, total solids, solid not fat, and milk urea nitrogen (p < 0.05);
however, fat and lactose were lower than that of mature milk (p < 0.05). For minerals, multiparous
buffaloes’ colostrum had a higher concentration of Fe (p = 0.05), while the mature milk had higher
concentrations of K and P compared with primiparous. Buffalo colostrum had higher concentrations
of Na, Mg, Co, Fe, and K with a lower concentration of Ca relative to mature milk (p < 0.05). It was
observed that parity affected colostrum characteristics rather than mature milk and caused subtle
variations in minerals in colostrum and mature milk of buffaloes. As lactation proceeded, both milk
composition and minerals in the milk changed drastically.

Keywords: buffaloes; colostrum; mature milk; parity

1. Introduction

Colostrum is the preliminary milk secreted after dams’ parturition. In terms of compo-
sition, colostrum has a content of higher milk fat and protein relative to mature milk [1].
Therefore, colostrum is more dense and yellow than mature milk [2]. Among the colostrum
components, the most significant difference is milk protein and the difference in proteome
between buffalo colostrum and mature milk has been reported [3]. Unlike mature milk,
which contains casein as the main protein fraction, the main protein fraction in colostrum is
immunoglobulins. Colostrum immunoglobulins provide passive immunity to calves in the
first few weeks. The main bovine immunoglobulin concentration ranges from 50 mg/mL
to 150 mg/mL, of which approximately 85% to 95% is immunoglobulin G (IgG) [4]. Al-
though colostrum cannot be consumed as regular milk, it can be consumed as a special
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functional food by special populations of weakened immune function (elderly subjects
and neonates) [5]. In addition, colostrum has other functions, such as to reduce intestinal
permeability [6], regulate intestinal immunity [7], and reduce inflammation [8]. As lactation
proceeds, colostrum is gradually converted to mature milk. After five days postpartum,
the milk produced by the dams is mature milk, which is the primary production value [9].

Minerals have an essential function in physiology as a vital section of colostrum and
mature milk composition such as constituting tissues and organs, maintaining osmotic
pressure and acid-base balance, and catalyzing regulation [10]. The mineral content of
colostrum is relevant to the mineral status of newborn calves. Compared to mature milk,
colostrum has a higher concentration of minerals and therefore has a unique role in the
growth and development of calves [11]. Because mature milk is rich in minerals, it is an
essential source of the daily intake of minerals for humans. The mineral content of mature
milk is also related to milk quality and physicochemical indicators [12]. Although studies
have shown changes in the minerals of Holstein cows’ milk [13,14], parity as an influencing
factor in buffaloes has not been studied.

Buffaloes, the second largest dairy livestock, account for 14.4% of the world’s milk
production due to their outstanding milk quality and productivity [15]. Buffalo milk has
higher total solids, fat, and minerals than Holstein cows’ milk [16]. Although several studies
have measured the composition of buffalo colostrum, few reports have been made on
colostrum and composition yield [17,18]. Buffalo milk meets the nutritional requirements
as an essential source of milk. Buffalo milk products, such as mozzarella, yogurt, and
ghee, are also popular. Several factors such as breed, parity, calf sex, calving month, and
health status are related to colostrum production [19]. Additionally, parity as a vital factor
affecting colostrum characteristics has been studied in Holstein cows [20,21] but has not
been mentioned in buffaloes. On the other hand, the vest metabolic differences in buffaloes
during early lactation resulted in content differences. The study of composition changes
cannot be neglected due to the dynamic characteristics and correlation between colostrum
and mature milk [22].

The purpose of this study was to analyze the distinction between colostrum composi-
tion and subsequent mature milk and to evaluate the influence of parity and lactation time
on its characteristics and minerals.

2. Materials and Methods

All colostrum and mature milk samples were collected at a commercial buffalo ranch
(Jinniu Animal Husbandry Co., Ltd., Jingmen, China) in September 2022. All buffaloes were
properly cared for and approved by the Animal Ethics Committee of HZAU (HZAUBU–
2020–0004).

2.1. Dams’ Management and Sample Collection

Twenty buffaloes (primiparous = 10; multiparous = 10) were assigned in the same
enclosure and provided total mixed ration (TMR) twice daily, containing corn silage, peanut
vine, straw, and mixed concentrate. Nutrient contents consisted of crude protein 9.65%,
ether extract 2.36%, neutral detergent fiber 54.57%, and ash 7.17%. The nutrient require-
ments to meet dry buffaloes are based on the report of Bartocci et al. [23]. Watching the
dams’ behavior when close to the calving time and delivery assistance with the calves’ ar-
rangement were observed. Calves were separated from the dams immediately after calving
to avoid teat sucking, and dams were placed in the milking parlor to harvest the colostrum
within 2 h. The colostrum was collected after manual stimulation for 30 s, including pre-
dipping, forest ripping (removal of 3 streams of colostrum from each teat), and placed in
the milking machine (Asahi Bronte Machinery Co., Ltd., Zibo, China). After colostrum
harvest, the weight was measured using an electronic scale, transferred without loss to a
measuring cup for volume determination, and two equal samples (50 mL) were collected
for composition analyses. Dams were moved into separate lactation pens that provided
the same TMR twice daily, containing corn silage, peanut vine, and mixed concentrate.
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Nutrient contents included crude protein 12.36%, ether extract 3.04%, neutral detergent
fiber 38.14%, and ash 5.26%. These dietary nutrients fulfill the milking buffaloes’ nutrient
requirements [23]. Mature milk samples (50 mL) were harvested in the same procedure
as colostrum at 7 days postpartum based on the previous report [9]. All calves were born
without any calving complications. Potassium dichromate was added as a preservative to
the first samples of colostrum and mature milk and stored at 4 ◦C until milk composition
was analyzed, and the second was stored at −80 ◦C for IgG and minerals analysis.

2.2. Composition and Minerals Analyses

Samples (50 mL) of colostrum and mature milk stored at 4 ◦C were sent to the Dairy
Herd Improvement of Hubei province for milk composition testing using a milk composi-
tion analyzer (CombiFoss FT+, Shanghai Jinmai Instrument Equipment Co., Ltd., Shanghai,
China) to analyze fat, protein, lactose, total solids (TSs), milk urea nitrogen (MUN), and
solid not fat (SNF). Due to the high viscosity of colostrum, it was mixed with double-
distilled water in equal volumes prior to milk composition testing. After the test, the milk
content was doubled to obtain the final result. Colostrum IgG assay was performed using a
commercial enzyme-linked immunosorbent assay (ELISA) kit (catalog number RX1600804
B, Quanzhou Ruixin Biological Technology Co., Ltd., Quanzhou, China), following instruc-
tions according to the method of the previous study [24].

Minerals including calcium (Ca), sodium (Na), potassium (K), magnesium (Mg),
cobalt (Co), and iron (Fe) in colostrum and mature milk were determined using flame
atomic absorption spectroscopy (Agilent 240 FS, Agilent Technologies, Inc., Mulgrave,
VIC, Australia), as was reported by Mi et al. [25]. Briefly, 0.5 g colostrum and mature
milk were digested by adding 5 mL of 65% nitric acid and 2 mL of hydrogen peroxide
before heating. The resulting ash was dissolved in 5% nitric acid and made to 50 mL for
analysis. Phosphorus (P) was determined using a colorimetric method. Next, 0.5 g of the
milk sample and 20 mL of nitric acid were added into a Kjeldahl flask and boiled. A total of
10 mL of 70% perchloric acid was added and boiled until colorless, after which the volume
was adjusted to 50 mL with double-distilled water. The nitrated sample was added to
ammonium molybdovanadate for colorimetric determination at 420 nm.

2.3. Statistical Analyses

One-way analysis of variance (ANOVA) was used to analyze the IgG concentration
and yield. All data except IgG were analyzed using PROC MIXED procedure of SAS 9.4
(SAS Institute Inc., Cary, CA, USA). The model included parity, milking, the interaction
between parity and milking as fixed effects, and random effects of buffaloes.

Yijk = µ + Mi + Pj + MPij + εijk (1)

where Yijk = the kth observation in the ith milking and jth parity; µ = overall mean;
Mi = fixed effect of the ith milking; Pj = fixed effect of the jth parity; MPij = fixed ef-
fect of the interaction between the ith milking and jth parity; εijk = random error in the
kth observation in the ith milking and jth parity. The results are reported as least squares
means and standard errors of means (SEMs). The effect was significant at p ≤ 0.05, whereas
trends were considered when 0.05 < p ≤ 0.10.

3. Results and Discussion
3.1. Differences in Colostrum Composition between Different Parities

The IgG concentrations in primiparous and multiparous buffalo colostrum were
35.25 mg/mL and 39.85 mg/mL (Table 1), respectively. There was no previous study on
the effect of parity in buffalo colostrum IgG. Gulliksen et al. [26] confirmed that parity
was associated with colostrum IgG concentration in Holstein cows; however, this was
not found in the current study (p = 0.24). In the current study, primiparous buffaloes
had higher SNF (p = 0.03) and tendency of TS (p = 0.08) than multiparous buffaloes
because of the lack of a parity affect in milk fat (p = 0.81), which was similar to previous
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studies [27,28]. The colostrum protein of primiparous buffaloes was 20.77% higher than
17.69% in multiparous (p = 0.02). Similarly, in the study of Soufleri et al. [29], parity
significantly affected colostrum protein in Holstein cows. There was no difference in
IgG between different parities; therefore, other protein components were higher, since
colostrum protein accounted for approximately 50% of the IgG [30]. Similarly, differences
in nitrogen excretion are also reflected in MUN, with primiparous buffaloes having higher
MUN relative to multiparous buffaloes (p = 0.03). This accounts for the difference in
colostrum protein. Regarding colostrum yield, multiparous buffaloes show numerically
higher colostrum yield than primiparous (p > 0.05). In Holstein cows, colostrum yield
was 27.5–37.5% higher in multiparous than primiparous due to sufficient mammary gland
development [31], whereas, in buffaloes, the value is 12.27%, albeit merely in numerical
(p = 0.75).

Table 1. Differences in colostrum composition and yields between primiparous (n = 10) and multi-
parous (n = 10) buffaloes.

Item
Parity 1

SEM p-Value
Primiparous Multiparous

Composition
IgG (mg/mL) 35.25 39.85 2.70 0.24

Fat (%) 4.87 5.10 0.30 0.81
Protein (%) 20.77 17.69 0.91 0.02
Lactose (%) 2.34 2.75 0.12 0.16

TS (%) 31.55 28.59 0.99 0.08
MUN (mg/dL) 132.70 112.54 6.42 0.03

SNF (%) 25.15 22.12 0.93 0.03
Yield

Colostrum (kg) 1.63 1.83 0.18 0.75
IgG (g) 56.92 75.27 9.07 0.17
Fat (g) 7.82 9.33 1.12 0.74

Protein (g) 32.09 31.36 3.00 0.89
Lactose (g) 4.04 5.13 0.58 0.71

TS (g) 49.53 51.22 4.94 0.89
SNF (g) 39.36 39.38 3.78 0.99

1 Values represent means: primiparous buffaloes (n = 10), multiparous buffaloes (n = 10).

3.2. Differences in Mature Milk Composition between Different Parities

Table 2 indicates the distinction in mature milk between different parities. There was
no difference between the mature milk in primiparous and multiparous buffaloes at 7 days
postpartum. Two research studies consisting of 220 and 248 buffaloes found that parity did
not affect milk yield, respectively [32,33]. Similarly, Poudel et al. [34] reported an identical
conclusion when investigating livestock farmers. However, some studies on buffaloes have
been reported as controversial. Verma et al. [35] and Alkhateeb et al. [36] studied 176 and
72 buffaloes and found that multiparous buffalo have a higher milk yield, respectively.
Although it has been shown that milk production in Holstein cows’ increases with parity
based on improved weight gain and mammary gland development, the effect of parity on
buffaloes’ milk yield requires further study. Moreover, the differences caused by parity in
milk composition are often inconsistent. Alkhateeb, Ibrahim, and Al-Anbari [36] showed
that parity affected milk protein, while a study of 94 buffaloes showed no difference in milk
protein [37]. Since milk composition is related to milk yield, it is more pertinent to examine
milk composition yield; however, few studies have reported milk component yield.
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Table 2. Differences of mature milk composition and yields between primiparous (n = 10) and
multiparous (n = 10) buffaloes.

Item
Parity 1

SEM p-Value
Primiparous Multiparous

Composition
Fat (%) 6.85 7.68 0.59 0.39

Protein (%) 5.37 5.71 0.16 0.78
Lactose (%) 4.21 4.34 0.17 0.65

TS (%) 17.39 18.74 0.68 0.42
MUN (mg/dL) 28.20 31.10 1.29 0.75

SNF (%) 10.40 10.99 0.21 0.65
Yield

Mature milk (kg) 4.28 3.47 0.39 0.20
Fat (g) 29.54 24.72 2.93 0.29

Protein (g) 22.28 19.64 1.99 0.62
Lactose (g) 18.29 15.44 1.93 0.33

TS (g) 73.99 63.18 6.85 0.38
SNF (g) 43.99 38.22 4.15 0.48

1 Values represent means of those for primiparous buffaloes (n = 10) and multiparous buffaloes (n = 10).

3.3. Characteristic of Colostrum to Mature Milk in Buffaloes

The difference in milk composition and yield between buffalo colostrum and mature
milk is shown in Table 3. Parity did not affect milk composition and yield transformation
from colostrum to mature milk (p > 0.05). Besides SNF yield, milking time induced
differences in all compositions were detected (p < 0.05). As lactation progressed, the
protein content changed from 19.23% in colostrum to 5.54% in mature milk with a sharp
drop (p < 0.01), comparable to previous studies on buffaloes [9,38,39]. The cessation of
immunoglobulins secretion after calving induces a protein decrease in the maturing milk
based on immunoglobulins, comprising 70–80% of the total protein in colostrum [40]. The
colostrum lactose of buffaloes was 2.55%, similar to the previous reports [9,41]. On the
contrary, Mudgal et al. [42] showed that the lactose in colostrum was 4.38–6.31%, which was
nearly 2–3 times that as reported here; however, there was 5.16–6.47% colostrum protein
in the same report, and it is some distance from the present study. Lactose was increased
in mature milk compared to colostrum (p < 0.01). Milk lactose account for about 50% of
the osmotic pressure of milk [43]; moreover, it causes water to move from the cytoplasm
of the mammary epithelial cells into the milk. Thus, low levels of lactose result in the
production of extremely viscous milk with high solid content due to a lack of lactose [44].
This is similar to the patterns of lactose and their increase from colostrum to mature milk in
buffaloes [45], bovine [1], and yak [25]. Fat was lower in colostrum than mature milk in
this experiment (p < 0.05), which is consistent with previous studies [38,45]. It has been
reported that the colostrum fat was 8.04% (higher than 3.90% five days later) to support
the thermoregulation and rapid metabolism of newborn Holstein calves [2,46]. Despite an
increase in milk yield with milking, colostrum protein production was higher than mature
milk due to its excellent protein percentage relative to mature milk (19.23% versus 5.54%).
There was no difference in the yield of SNF between colostrum and mature milk (p = 0.64),
while the yield of TS was higher in mature milk (p < 0.01), which was due to an increase
in milk fat. Bizarrely, it was mentioned in the report of Bondoc and Ramos [47] that the
colostrum yield was 4.94 ± 0.30 kg; however, the result of this study was 1.73 ± 0.82 kg,
and another study was similar to the present study [45].
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Table 3. Least squares means and 95% CI for composition and yields in colostrum and mature milk
with different parities and milking time (n = 20).

Item
Milking

SEM
p-Value 1

Colostrum Mature Milk Parity Milking Time P × M

Composition
Fat (%) 4.99 7.26 0.47 0.30 0.01 0.72

4.36–5.62 6.04–8.49
Protein (%) 19.23 5.54 0.62 0.16 <0.01 0.05

17.32–21.13 5.21–5.87
Lactose (%) 2.55 4.28 0.14 0.28 <0.01 0.38

2.31–2.79 3.92–4.63
TS (%) 30.07 18.06 0.83 0.48 <0.01 0.10

27.99–32.15 16.64–19.49
MUN (mg/dL) 122.62 29.60 4.44 0.20 <0.01 0.07

109.18–136.06 26.90–32.30
SNF (%) 23.63 10.70 0.65 0.19 <0.01 0.07

21.68–25.59 10.25–11.14
Yield

Milk (kg) 1.73 3.88 0.31 0.57 <0.01 0.13
1.34–2.11 3.05–4.70

Fat (g) 8.58 27.13 2.24 0.67 <0.01 0.21
6.23–10.92 20.99–33.27

Protein (g) 31.72 20.96 2.60 0.72 <0.01 0.68
25.44–38.00 16.79–25.14

Lactose (g) 4.59 16.87 1.44 0.71 <0.01 0.26
3.37–5.80 12.82–20.92

TS (g) 50.37 68.59 6.07 0.68 <0.01 0.23
40.03–60.71 54.24–82.93

SNF (g) 39.39 41.10 4.04 0.70 0.64 0.43
31.49–47.30 32.42–49.78

1 P × M means affect between primiparous and multiparous buffaloes within milking time.

3.4. Differences in Colostrum Minerals between Different Parities

The parity effect on the colostrum minerals is shown in Table 4. Fe concentration was
higher in the multiparous buffaloes than primiparous (14.04 mg/kg versus 7.94 mg/kg)
(p = 0.05), although there was no difference in Fe yield. In the buffalo colostrum, the
Fe content varied and was higher than the 2.36 mg/100 g reported elsewhere [9,39].
Moretti et al. [48] recommended a decreasing trend in total iron binding capacity and trans-
ferrin concentration in the colostrum of primiparous Holstein cows relative to multiparous
ones despite no distinction in Fe concentration. In the present study, Ca and Mg concentra-
tions in the colostrum of primiparous and multiparous buffaloes were 5.83 g/100 g versus
6.22 g/100 g and 1.92 g/100 g versus 1.86 g/100 g, respectively, which was comparable to
the previous study [49]. Meanwhile, Na and K concentrations were 10.82 g/100 g versus
8.84 g/100 g and 12.19 g/100 g versus 12.70 g/100 g in the colostrum of primiparous and
multiparous buffaloes, respectively, which were lower than in the previous study [39]. In
this experiment, Ca, Na, P, K, Mg, and Fe concentrations were higher than those reported
by El-Fattah, Alaa, Abd Rabo, EL-Dieb, and El-Kashef [9], for whom the mean values of
concentrations were 279.60 mg/100 g, 150.50 mg/100 g, 58.00 mg/100 g, 107.00 mg/100 g,
35.52 mg/100 g, and 2.36 mg/100 g, respectively, in contrast to the present study.
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Table 4. Differences in colostrum mineral concentrations and yields between primiparous (n = 10)
and multiparous (n = 10) buffaloes.

Item
Parity 1

SEM p-Value
Primiparous Multiparous

Concentration
Ca (g/100 g) 5.83 6.22 0.48 0.68
Na (g/100 g) 10.82 8.84 0.56 0.58
P (g/100 g) 10.12 10.11 0.58 0.99
K (g/100 g) 12.19 12.70 0.43 0.64

Mg (g/100 g) 1.92 1.86 0.07 0.60
Co (mg/kg) 4.94 4.00 0.30 0.14
Fe (mg/kg) 7.94 14.04 1.96 0.05

Yield
Ca (g) 0.92 1.11 0.13 0.76
Na (g) 1.50 1.84 0.17 0.72
P (g) 1.43 1.84 0.18 0.61
K (g) 1.83 2.30 0.23 0.68

Mg (g) 0.27 0.34 0.03 0.45
Co (mg) 7.56 6.97 0.91 0.86
Fe (mg) 13.13 23.15 2.98 0.14

1 Values represent means: primiparous buffaloes (n = 10), multiparous buffaloes (n = 10).

3.5. Differences in Mature Milk Minerals between Different Parities

Table 5 shows the parity variations in minerals in mature milk. The P concentration in
multiparous buffaloes was 12.58 g/100 g, higher than 10.24 g/100 g in primiparous (p = 0.04).
This increase was associated with higher growth hormone activity, enhanced P uptake in the
gut, and P reuptake in the kidney. However, it has been reported that blood P concentration
was lower in multiparous Holstein cows [50,51]. Additionally, P concentration showed
no significant correlation between blood and milk, and further discussion is needed to
investigate it [14]. Likewise, K concentration in multiparous buffaloes also exhibited
variations compared with primiparous (18.41 g/100 g versus 16.20 g/100 g) (p = 0.05). In
contrast, Stocco et al. [52] confirmed that the parity did not affect the K concentration in
buffaloes. Although there was no distinction in Na concentration, there was a tendency for
Na yield to be higher in primiparous buffaloes than in multiparous ones in present study
(p = 0.09). It has been proven that the Na concentration was higher in the multiparous
buffaloes than in the primiparous buffaloes, based on an increase in milk production [53].
Na and K are involved in preserving the osmotic stability between blood and milk; however,
the impact of parity on them is indistinct [54].

Table 5. Differences of mature milk mineral concentrations and yields between primiparous (n = 10)
and multiparous (n = 10) buffaloes.

Item
Parity 1

SEM p-Value
Primiparous Multiparous

Concentration
Ca (g/100 g) 9.53 10.57 0.44 0.27
Na (g/100 g) 9.94 7.90 1.17 0.28
P (g/100 g) 10.24 12.58 0.56 0.04
K (g/100 g) 16.20 18.41 0.68 0.05

Mg (g/100 g) 0.14 0.15 0.04 0.31
Co (mg/kg) 3.18 3.03 0.33 0.81
Fe (mg/kg) 3.74 5.64 0.99 0.53

Yield
Ca (g) 4.09 3.63 0.42 0.46
Na (g) 4.18 2.58 0.62 0.09
P (g) 4.42 4.54 0.52 0.89
K (g) 6.94 6.54 0.76 0.74

Mg (g) 0.56 0.51 0.05 0.60
Co (mg) 14.56 10.70 2.12 0.25
Fe (mg) 13.74 18.60 3.62 0.46

1 Values represent means of those for primiparous buffaloes (n = 10) and multiparous buffaloes (n = 10).
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3.6. Minerals of Colostrum to Mature Milk in Buffaloes

Changes in minerals in buffalo colostrum to mature milk are shown in Table 6.
Ca concentration increased from 6.02 g/100 g in colostrum to 10.05 g/100 g in mature
milk (p < 0.01); however, P concentration showed no distinction (10.12 g/100 g verses
11.41 g/100 g) in the present study (p = 0.14). The high Ca concentration in mature milk
makes milk a good source of Ca supplements for human intake or for calves’ growth.
However, the steep depletion of Ca makes it possible for cows to experience milk fever
(parturient hypocalcemia), which leads to an increased risk of other diseases [55]. It has
been shown that higher concentrations of minerals could increase the total antioxidant
capacity of calves, and that mineral concentrations tend to decrease again as lactation pro-
ceeds, as has been proven in various lactating animals [14,25,56]. In the present experiment,
Mg and Fe concentrations decreased from 1.89 g/100 g and 10.99 mg/kg in colostrum
to 1.42 g/100 g and 4.69 mg/kg in mature milk (p < 0.01), respectively. Co present in
milk, mainly in the form of cobalamin (vitamin B12), is the primary source of vitamin B12.
Cobalamin as a coenzyme plays an important role in ruminant energy metabolism [57].
The cobalt concentration decreased from 4.47 mg/kg to 3.11 mg/kg, which is higher than a
previous report [58].

Table 6. Least squares means and 95% CI for mineral concentrations and yields in colostrum and
mature milk mineral with different parities and milking time (n = 20).

Item
Milking

SEM
p-Value 1

Colostrum Mature milk Parity Milking Time P × M

Concentration
Ca (g/100 g) 6.02 10.05 0.46 0.28 <0.01 0.64

5.02–7.03 9.14–10.96
Na (g/100 g) 10.30 8.92 0.92 0.24 0.32 0.72

9.14–11.46 6.46–11.38
P (g/100 g) 10.12 11.41 0.56 0.13 0.14 0.17

8.90–11.33 10.23–12.59
K (g/100 g) 12.45 17.30 0.55 0.07 <0.01 0.33

11.55–13.34 15.87–18.73
Mg (g/100 g) 1.89 1.42 0.06 0.77 <0.01 0.18

1.74–2.04 1.33–1.50
Co (mg/kg) 4.47 3.11 0.31 0.31 <0.01 0.26

3.84–5.10 2.42–3.79
Fe (mg/kg) 10.99 4.69 1.50 0.09 0.01 0.32

6.88–15.11 2.62–6.77
Yield
Ca (g) 1.01 3.86 0.31 0.79 <0.01 0.39

0.75–1.28 2.99–4.73
Na (g) 1.67 3.38 0.46 0.36 0.01 0.13

1.31–2.04 2.05–4.70
P (g) 1.64 4.48 0.40 0.68 <0.01 0.77

1.26–2.01 3.40–5.57
K (g) 2.07 6.74 0.57 0.96 <0.01 0.57

1.59–2.54 5.15–8.32
Mg (g) 0.31 0.53 0.04 0.89 <0.01 0.22

0.24–0.37 0.43–0.64
Co (mg) 7.26 12.63 1.64 0.43 0.01 0.35

5.36–9.17 8.20–17.07
Fe (mg) 18.14 16.17 3.28 0.21 0.55 0.44

11.89–24.38 8.59–23.75
1 Values represent means of those for primiparous buffaloes (n = 10) and multiparous buffaloes (n = 10).
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4. Conclusions

Parity affected the composition of the colostrum of buffaloes, which was demonstrated
by primiparous buffaloes having higher protein, SNF, and MUN compared to multiparous
ones, while no influences in mature milk were found. Although no influence was noted
in mature milk, the fat and lactose content increased while protein, TS, SNF, and MUN
were decreased in the transition from colostrum to mature milk. In terms of minerals,
parity affected Fe concentration in colostrum and P and K concentration in mature milk.
Colostrum had higher Mg, Co, and Fe, while lower Ca and K concentrations relative to
mature milk. As lactation proceeds, there is a massive distinction in milk composition and
minerals between colostrum and mature milk almost without any affect due to parity.
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2. Puppel, K.; Gołębiewski, M.; Grodkowski, G.; Slósarz, J.; Kunowska-Slósarz, M.; Solarczyk, P.; Łukasiewicz, M.; Balcerak, M.;
Przysucha, T. Composition and factors affecting quality of bovine colostrum: A review. Animals 2019, 9, 1070. [CrossRef]

3. Abdel-Hamid, M.; Yang, P.; Mostafa, I.; Osman, A.; Romeih, E.; Yang, Y.; Huang, Z.; Awad, A.A.; Li, L. Changes in Whey Proteome
between Mediterranean and Murrah Buffalo Colostrum and Mature Milk Reflect Their Pharmaceutical and Medicinal Value.
Molecules 2022, 27, 1575. [CrossRef] [PubMed]

4. Lopez, A.; Heinrichs, A. Invited review: The importance of colostrum in the newborn dairy calf. J. Dairy Sci. 2022, 105, 2733–2749.
[CrossRef] [PubMed]

5. Ghosh, S.; Iacucci, M. Diverse immune effects of bovine colostrum and benefits in human health and disease. Nutrients 2021,
13, 3798. [CrossRef]

6. Hałasa, M.; Maciejewska-Markiewicz, D.; Baśkiewicz-Hałasa, M.; Safranow, K.; Stachowska, E. Post-delivery milking delay
influence on the effect of oral supplementation with bovine colostrum as measured with intestinal permeability test. Medicina
2020, 56, 495. [CrossRef]

7. Nederend, M.; Van Stigt, A.H.; Jansen, J.M.; Jacobino, S.R.; Brugman, S.; De Haan, C.A.; Bont, L.J.; van Neerven, R.J.; Leusen, J.H.
Bovine igg prevents experimental infection with rsv and facilitates human t cell responses to RSV. Front. Immunol. 2020, 11, 1701.
[CrossRef] [PubMed]

8. Tanideh, N.; Abdordideh, E.; Yousefabad, S.L.A.; Daneshi, S.; Hosseinabadi, O.K.; Samani, S.M.; Derakhshan far, A. Evaluation of
the healing effect of honey and colostrum in treatment of cutaneous wound in rat. Comp. Clin. Pathol. 2017, 26, 71–77. [CrossRef]

9. El-Fattah, A.; Alaa, M.; Abd Rabo, F.H.; EL-Dieb, S.M.; El-Kashef, H.A. Changes in composition of colostrum of Egyptian buffaloes
and Holstein cows. BMC Vet. Res. 2012, 8, 19. [CrossRef]

10. Goff, J.P. Invited review: Mineral absorption mechanisms, mineral interactions that affect acid–base and antioxidant status, and
diet considerations to improve mineral status. J. Dairy Sci. 2018, 101, 2763–2813. [CrossRef]

11. Carter, H.S.; Renaud, D.L.; Steele, M.A.; Fischer-Tlustos, A.J.; Costa, J.H. A narrative review on the unexplored potential of
colostrum as a preventative treatment and therapy for diarrhea in neonatal dairy calves. Animals 2021, 11, 2221. [CrossRef]

http://doi.org/10.3168/jds.2019-17357
http://doi.org/10.3390/ani9121070
http://doi.org/10.3390/molecules27051575
http://www.ncbi.nlm.nih.gov/pubmed/35268677
http://doi.org/10.3168/jds.2020-20114
http://www.ncbi.nlm.nih.gov/pubmed/35094859
http://doi.org/10.3390/nu13113798
http://doi.org/10.3390/medicina56100495
http://doi.org/10.3389/fimmu.2020.01701
http://www.ncbi.nlm.nih.gov/pubmed/32849597
http://doi.org/10.1007/s00580-016-2347-5
http://doi.org/10.1186/1746-6148-8-19
http://doi.org/10.3168/jds.2017-13112
http://doi.org/10.3390/ani11082221


Foods 2023, 12, 1321 10 of 11

12. Tsioulpas, A.; Grandison, A.; Lewis, M. Changes in physical properties of bovine milk from the colostrum period to early lactation.
J. Dairy Sci. 2007, 90, 5012–5017. [CrossRef] [PubMed]

13. Kume, S.; Yanamoto, E.; Kudo, T.; Toharmat, T.; Nonaka, I. Effect of parity on mineral concentration in milk and plasma of
Holstein cows during early lactation. Asian-Australas. J. Anim. Sci. 1998, 11, 133–138. [CrossRef]

14. Valldecabres, A.; Silva-del-Río, N. First-milking colostrum mineral concentrations and yields: Comparison to second milking and
associations with serum mineral concentrations, parity, and yield in multiparous Jersey cows. J. Dairy Sci. 2022, 105, 2315–2325.
[CrossRef] [PubMed]

15. Abdullah, M.; Akhtar, M.; Pasha, T.; Bhatti, J.; Ali, Z.; Saadullah, M.; Haque, M. Comparison of oil and fat supplementation on
lactation performance of Nili Ravi buffaloes. J. Dairy Sci. 2019, 102, 3000–3009.

16. Salzano, A.; Neglia, G.; D’Onofrio, N.; Balestrieri, M.L.; Limone, A.; Cotticelli, A.; Marrone, R.; Anastasio, A.; D’Occhio, M.J.;
Campanile, G. Green feed increases antioxidant and antineoplastic activity of buffalo milk: A globally significant livestock. Food
Chem. 2021, 344, 128669. [CrossRef]

17. Dang, A.; Kapila, S.; Purohit, M.; Singh, C. Changes in colostrum of Murrah buffaloes after calving. Trop. Anim. Health Prod. 2009,
41, 1213–1217. [CrossRef]

18. Coroian, A.; Erler, S.; Matea, C.T.; Mires, an, V.; Răducu, C.; Bele, C.; Coroian, C.O. Seasonal changes of buffalo colostrum:
Physicochemical parameters, fatty acids andcholesterol variation. Chem. Cent. J. 2013, 7, 40. [CrossRef] [PubMed]

19. Gavin, K.; Neibergs, H.; Hoffman, A.; Kiser, J.; Cornmesser, M.; Haredasht, S.A.; Martínez-López, B.; Wenz, J.; Moore, D. Low
colostrum yield in Jersey cattle and potential risk factors. J. Dairy Sci. 2018, 101, 6388–6398. [CrossRef]

20. Conneely, M.; Berry, D.; Sayers, R.; Murphy, J.; Lorenz, I.; Doherty, M.; Kennedy, E. Factors associated with the concentration of
immunoglobulin G in the colostrum of dairy cows. Animal 2013, 7, 1824–1832. [CrossRef]

21. Kehoe, S.; Heinrichs, A.J.; Moody, M.; Jones, C.; Long, M. Comparison of immunoglobulin G concentrations in primiparous and
multiparous bovine colostrum. Prof. Anim. Sci. 2011, 27, 176–180. [CrossRef]

22. Le, A.; Barton, L.D.; Sanders, J.T.; Zhang, Q. Exploration of bovine milk proteome in colostral and mature whey using an
ion-exchange approach. J. Proteome Res. 2011, 10, 692–704. [CrossRef] [PubMed]

23. Bartocci, S.; Tripaldi, C.; Terramoccia, S. Characteristics of foodstuffs and diets, and the quanti-qualitative milk parameters of
Mediterranean buffaloes bred in Italy using the intensive system: An estimate of the nutritional requirements of buffalo herds
lactating or dry. Livest. Prod. Sci. 2002, 77, 45–58. [CrossRef]

24. An, Z.; Abdelrahman, M.; Zhou, J.; Riaz, U.; Gao, S.; Gao, S.; Luo, G.; Yang, L. Prepartum maternal supplementation of Capsicum
oleoresin improves colostrum quality and buffalo calves’ performance. Front. Vet. Sci. 2022, 9, 935634. [CrossRef] [PubMed]

25. Mi, J.D.; Zhou, J.W.; Ding, L.M.; Wang, L.; Long, R.J. Short communication: Changes in the composition of yak colostrum during
the first week of lactation. J. Dairy Sci. 2016, 99, 818–824. [CrossRef]

26. Gulliksen, S.; Lie, K.; Sølverød, L.; Østerås, O. Risk factors associated with colostrum quality in Norwegian dairy cows. J. Dairy
Sci. 2008, 91, 704–712. [CrossRef]

27. Morrill, K.; Conrad, E.; Lago, A.; Campbell, J.; Quigley, J.; Tyler, H. Nationwide evaluation of quality and composition of
colostrum on dairy farms in the United States. J. Dairy Sci. 2012, 95, 3997–4005. [CrossRef]

28. Zarei, S.; Ghorbani, G.R.; Khorvash, M.; Martin, O.B.; Mahdavi, A.H.; Riasi, A. The impact of season, parity, and volume of
colostrum on Holstein dairy cows colostrum composition. Agric. Sci. 2017, 8, 572–581. [CrossRef]

29. Soufleri, A.; Banos, G.; Panousis, N.; Fletouris, D.; Arsenos, G.; Kougioumtzis, A.; Valergakis, G.E. Evaluation of Factors Affecting
Colostrum Quality and Quantity in Holstein Dairy Cattle. Animals 2021, 11, 2005. [CrossRef] [PubMed]

30. Hurley, W.L.; Theil, P.K. Perspectives on immunoglobulins in colostrum and milk. Nutrients 2011, 3, 442–474. [CrossRef]
31. Borchardt, S.; Sutter, F.; Heuwieser, W.; Venjakob, P. Management-related factors in dry cows and their associations with colostrum

quantity and quality on a large commercial dairy farm. J. Dairy Sci. 2022, 105, 1589–1602. [CrossRef] [PubMed]
32. Fakruzzaman, M.; Sufian, M.K.N.B.; Akter, Q.S.; Paul, R.C.; Hasan, M.S.; Matin, M.A. Effect of Parity on Productive and

Reproductive Performance of Buffaloes Reared under Farmers’ Management at Coastal Districts in Bangladesh. IOSR J. Agric.
Vet. Sci. (IOSR-JAVS) 2020, 13, 21–23.

33. Nava-Trujillo, H.; Escalona-Muñoz, J.; Carrillo-Fernández, F.; Parra-Olivero, A. Effect of parity on productive performance and
calving interval in water buffaloes. J. Buffalo Sci. 2018, 7, 13–16. [CrossRef]

34. Poudel, D.; Bhattarai, N.; Kaphle, K.; Sapkota, S.; Kandel, M. Effect of parity on lactational efficiency of Murrah crossbred
buffaloes (Bubalus bubalis L.) in Central Nepal. Int. J. Agric. For. 2017, 7, 140–144.

35. Verma, M.; Sachdeva, G.; Yadav, A.K.; Gautam, S.; Ali, M.; Kumar, S. Effect of genetic and non-genetic factors on milk yield and
milk constituents in Murrah buffalo. Indian J. Anim. Res. 2017, 51, 387–390. [CrossRef]

36. Alkhateeb, A.R.; Ibrahim, W.I.; Al-Anbari, N.N. The Effect of Location and Parity in The Body, Udder Conformation and Milk
Production Traits in Buffaloes. In Proceedings of the IOP Conference Series: Earth and Environmental Science, Muthanna, Iraq,
29–30 September 2021; p. 012040.

37. Verma, M.; Sachdeva, G.; Yadav, A.K.; Prakash, C.; Verma, A.K. Factor affecting average milk protein percentage in Sahiwal cattle
and Murrah buffalo. Environ. Ecol. 2017, 35, 611–613.

38. Bondoc, O.; Almendral-Saludes, T.; Tandang, A.; Bustos, A.; Ramos, A.; Ebron, A. Composition and Yield of Colostrum and Milk
from Murrah and “Murrah x Carabao” Crosses in the Philippines. Trop. Anim. Sci. J. 2021, 44, 347–355. [CrossRef]

http://doi.org/10.3168/jds.2007-0192
http://www.ncbi.nlm.nih.gov/pubmed/17954740
http://doi.org/10.5713/ajas.1998.133
http://doi.org/10.3168/jds.2021-21069
http://www.ncbi.nlm.nih.gov/pubmed/34998566
http://doi.org/10.1016/j.foodchem.2020.128669
http://doi.org/10.1007/s11250-008-9302-7
http://doi.org/10.1186/1752-153X-7-40
http://www.ncbi.nlm.nih.gov/pubmed/23442377
http://doi.org/10.3168/jds.2017-14308
http://doi.org/10.1017/S1751731113001444
http://doi.org/10.15232/S1080-7446(15)30471-X
http://doi.org/10.1021/pr100884z
http://www.ncbi.nlm.nih.gov/pubmed/21077624
http://doi.org/10.1016/S0301-6226(02)00022-2
http://doi.org/10.3389/fvets.2022.935634
http://www.ncbi.nlm.nih.gov/pubmed/36268048
http://doi.org/10.3168/jds.2015-9824
http://doi.org/10.3168/jds.2007-0450
http://doi.org/10.3168/jds.2011-5174
http://doi.org/10.4236/as.2017.87043
http://doi.org/10.3390/ani11072005
http://www.ncbi.nlm.nih.gov/pubmed/34359133
http://doi.org/10.3390/nu3040442
http://doi.org/10.3168/jds.2021-20671
http://www.ncbi.nlm.nih.gov/pubmed/34799117
http://doi.org/10.6000/1927-520X.2018.07.01.3
http://doi.org/10.18805/ijar.9297
http://doi.org/10.5398/tasj.2021.44.3.347


Foods 2023, 12, 1321 11 of 11

39. Qureshi, T.M.; Yaseen, M.; Nadeem, M.; Murtaza, M.A.; Munir, M. Physico–Chemical composition and antioxidant potential of
buffalo colostrum, transition milk, and mature milk. J. Food Process. Preserv. 2020, 44, e14763. [CrossRef]

40. El-Loly, M.M.; Hassan, L.K.; Farahat, E.S. Impact of heat treatments and some technological processing on immunoglobulins of
Egyptian buffalo’s milk. Int. J. Biol. Macromol. 2019, 123, 939–944. [CrossRef]

41. Abd El-Hady, M.; El-Ayouty, S.; Raghib, R. Buffalo colostrum: Composition and immunoglobulin content in relation to immune
status of newborn calves. Egyptian J. Anim. Prod. 2006, 43, 115–128.

42. Mudgal, V.; Bharadwaj, A.; Verma, A. Vitamins Supplementation Affecting Colostrum Composition in Murrah Buffaloes. Indian J.
Anim. Res. 2021, 55, 900–904. [CrossRef]

43. Fox, P. Lactose: Chemistry and properties. In Advanced Dairy Chemistry; Springer: Berlin/Heidelberg, Germany, 2009; pp. 1–15.
44. Kehoe, S.; Jayarao, B.; Heinrichs, A. A survey of bovine colostrum composition and colostrum management practices on

Pennsylvania dairy farms. J. Dairy Sci. 2007, 90, 4108–4116. [CrossRef]
45. Wang, J.; He, Y.; Pang, K.; Zeng, Q.; Zhang, X.; Ren, F.; Guo, H. Changes in milk yield and composition of colostrum and regular

milk from four buffalo breeds in China during lactation. J. Sci. Food Agric. 2019, 99, 5799–5807. [CrossRef]
46. Vermorel, M.; Dardillat, C.; Vernet, J.; Renseigné, N.; Demigne, C. Energy metabolism and thermoregulation in the newborn calf.

Ann. De Rech. Vet. 1983, 14, 382–389.
47. Bondoc, O.L.; Ramos, A.R. Fatty Acid Composition and Nutritional Indices/Ratios of Colostrum and Milk from Murrah and

“Murrah× Carabao” Crossbred Buffaloes. Philipp. J. Sci. 2022, 151, 139–152. [CrossRef]
48. Moretti, D.B.; Santos, C.B.; Alencar, S.M.; Machado-Neto, R. Colostrum from primiparous Holstein cows shows higher antioxidant

activity than colostrum of multiparous ones. J. Dairy Res. 2020, 87, 356–359. [CrossRef]
49. Sikka, P.; Lall, D.; Arora, U.; Sethi, R.K. Growth and passive immunity in response to micronutrient supplementation in new-born

calves of Murrah buffaloes given fat soluble vitamins during late pregnancy. Livest. Prod. Sci. 2002, 75, 301–311. [CrossRef]
50. Cozzi, G.; Ravarotto, L.; Gottardo, F.; Stefani, A.L.; Contiero, B.; Moro, L.; Brscic, M.; Dalvit, P. Short communication: Reference

values for blood parameters in Holstein dairy cows: Effects of parity, stage of lactation, and season of production. J. Dairy Sci.
2011, 94, 3895–3901. [CrossRef]

51. Mirzaei-Alamouti, H.; Panahiha, P.; Patra, A.K.; Mansouryar, M. Effects of prepartum diet grain type and postpartum starch level
on milk production, milk composition, and plasma metabolites of primiparous and multiparous Holstein cows. Anim. Feed Sci.
Technol. 2022, 291, 115393. [CrossRef]

52. Stocco, G.; Cipolat-Gotet, C.; Bittante, G.; Cecchinato, A. Variation of major mineral contents in Mediterranean buffalo milk and
application of Fourier Transform Infrared spectroscopy for their indirect prediction. Acta Agrar. Kaposváriensis 2014, 18, 96–102.

53. Stocco, G.; Summer, A.; Malacarne, M.; Cecchinato, A.; Bittante, G. Detailed macro- and micromineral profile of milk: Effects of
herd productivity, parity, and stage of lactation of cows of 6 dairy and dual-purpose breeds. J. Dairy Sci. 2019, 102, 9727–9739.
[CrossRef]

54. Holt, C. Milk Salts | Interaction with Caseins. In Encyclopedia of Dairy Sciences, 2nd ed.; Fuquay, J.W., Ed.; Academic Press: San
Diego, CA, USA, 2011; pp. 917–924.

55. Oetzel, G.R. Oral calcium supplementation in peripartum dairy cows. Vet. Clin. Food Anim. Pract. 2013, 29, 447–455. [CrossRef]
[PubMed]

56. Roshanzamir, H.; Rezaei, J.; Fazaeli, H. Colostrum and milk performance, and blood immunity indices and minerals of Holstein
cows receiving organic Mn, Zn and Cu sources. Anim. Nutr. 2020, 6, 61–68. [CrossRef] [PubMed]

57. Suttle, N.F. Mineral Nutrition of Livestock; Cabi: Commonwealth Agricultural Bureaux International: Oxfordshire, UK, 2010; p. 579.
58. Fantuz, F.; Todini, L.; Ferraro, S.; Fatica, A.; Marcantoni, F.; Zannotti, M.; Salimei, E. Macro Minerals and Trace Elements in Milk

of Dairy Buffaloes and Cows Reared in Mediterranean Areas. Beverages 2022, 8, 51. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1111/jfpp.14763
http://doi.org/10.1016/j.ijbiomac.2018.11.055
http://doi.org/10.18805/ijar.B-4151
http://doi.org/10.3168/jds.2007-0040
http://doi.org/10.1002/jsfa.9849
http://doi.org/10.56899/151.01.10
http://doi.org/10.1017/S0022029920000813
http://doi.org/10.1016/S0301-6226(01)00325-6
http://doi.org/10.3168/jds.2010-3687
http://doi.org/10.1016/j.anifeedsci.2022.115393
http://doi.org/10.3168/jds.2019-16834
http://doi.org/10.1016/j.cvfa.2013.03.006
http://www.ncbi.nlm.nih.gov/pubmed/23809900
http://doi.org/10.1016/j.aninu.2019.08.003
http://www.ncbi.nlm.nih.gov/pubmed/32211530
http://doi.org/10.3390/beverages8030051

	Introduction 
	Materials and Methods 
	Dams’ Management and Sample Collection 
	Composition and Minerals Analyses 
	Statistical Analyses 

	Results and Discussion 
	Differences in Colostrum Composition between Different Parities 
	Differences in Mature Milk Composition between Different Parities 
	Characteristic of Colostrum to Mature Milk in Buffaloes 
	Differences in Colostrum Minerals between Different Parities 
	Differences in Mature Milk Minerals between Different Parities 
	Minerals of Colostrum to Mature Milk in Buffaloes 

	Conclusions 
	References

