RESEARCH ARTICLE
Journal of Animal Science and Technology

J Anim Sci Technol 2020;62(4):565-576
https://doi.org/10.5187/jast.2020.62.4.565

pISSN 2672-0191 eISSN 2055-0391

A comparative study on milk
composition of Jersey and Holstein
dairy cows during the early lactation
Dong-Hyun Lim1, Vijayakumar Mayakrishnan1, Hyun-Jeong Lee1,
Kwang-Seok Ki1, Tae-Il Kim1* and Younghoon Kim2*
1

Dairy Science Division, National Institute of Animal Science, Rural Development Administration,
Cheonan 31000, Korea
2
Department of Agricultural Biotechnology and Research Institute of Agriculture and Life Science, Seoul
National University, Seoul 08826, Korea
Received: Mar 19, 2020
Revised: Apr 20, 2020
Accepted: May 3, 2020
*Corresponding author
Tae-Il Kim
Dairy Science Division,
National Institute of Animal Science,
Rural Development Administration,
Cheonan 31000, Korea.
Tel: +82-41-580-3388
E-mail: kimti@korea.kr
Younghoon Kim
Department of Agricultural Biotechnology
and Research Institute of Agriculture and
Life Science, Seoul National University,
Seoul 08826, Korea.
Tel: +82-2-880-4808
E-mail: ykeys2584@snu.ac.kr
Copyright © 2020 Korean Society of
Animal Sciences and Technology.
This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License (http://
creativecommons.org/licenses/bync/4.0/) which permits unrestricted
non-commercial use, distribution, and
reproduction in any medium, provided
the original work is properly cited.
ORCID
Dong-Hyun Lim
https://orcid.org/0000-0002-8575-0198
Vijayakumar Mayakrishnan
https://orcid.org/0000-0002-6437-1463
Hyun-Jeong Lee
https://orcid.org/0000-0002-2312-9048
Kwang-Seok Ki
https://orcid.org/0000-0003-0971-1389
Tae-Il Kim
https://orcid.org/0000-0003-0532-6010

https://www.ejast.org

Abstract
Recently, Jersey cattle was introduced and produced by embryo transfer to Korea. This study
was conducted to investigate the differences of milk compositions between Jersey and Holstein cows and the relationship between days in milk (DIM) and milk compositions during
early lactation. Data were collected from twelve lactating cows from Department of Animal
Resources Development at National Institute of Animal Science. Cows in parity 1 were used,
and calved at spring from April to March of 2017. All cows were housed in two sections within
a free-stall barn, which divided into six from each breed, and received a basal total mixed
ration. Milk samples of each cow were collected at 3 DIM and 30 DIM for analyzing the milk
compositions, including fatty acids (FA), amino acids and minerals. Total solids, citrate, and
milk urea nitrogen level were differed between the breeds (p < 0.05). As DIM went from 3
to 30, milk protein, total solids, and somatic cell count decreased (p < 0.05), but lactose increased in all breed milk (p < 0.05). Citrate and free fatty acid (FFA) elevated in Jersey milk (p
< 0.05), whereas reduced in Holstein milk (p < 0.05). Proportions of some individual FA varied from the breeds. Myristic (C14:0), palmitic (C16:0), and arachidonic acid (C20:4) in milk
from all cows were higher at 3 DIM than at 30 DIM (p < 0.05). Also, stearic (C18:0) and oleic
acid (C18:1) were lower at 3 DIM than at 30 DIM (p < 0.05), and the C18:1 to C18:0 ratio
was significantly differed in DIM × breed interactions (p < 0.05). The contents of the individual
amino acids did not differ from the breeds. Calcium, phosphorous, magnesium, and zinc (Zn)
contents was significantly increased in Holstein milk than Jersey milk at 3 DIM. Also, K and
Zn concentrations were higher in Holstein milk than in Jersey milk at 30 DIM (p < 0.05). It
was concluded that Jersey cows would produce more effective milk in processing dairy products and more proper energy status compared with Holstein cows in early lactation under the
same environmental and nutritional conditions.
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Dairy cows experience many physiological changes at parturition, and produce the secretion in the
mammary gland immediately following parturition. Their secretion is classified as colostrum, transition milk and milk in the function of time after calving. Milk and dairy products play an important
role in having high nutritional value as the animal food source and positive influences on human
health as well.
Milk component levels and characteristics are important factors that have a significant effect on
the quality and yield of dairy products. Considerable changes in the composition of milk supplied
to dairy companies can be increased processing costs by affecting the processing efﬁciency of dairy
products and the suitability of the milk as raw materials in the food industry [1–3]. Changes in
milk mineral concentrations as well as changes in milk protein and fat composition, affect suitability
for processing [3].
Recently, Jersey cattle were introduced and produced by embryo transfer to Korea, which had
been only Holstein cattle as lactating cow. Jersey cows are known to have low milk productivity but
produce high solids in milk. The most commonly consumed milk comes from Holstein cow, but
the milk of Jersey cows is recently on sale in some special regions of Korea. Currently, very small
amounts of Jersey milk are produced in the country, but their dairy products are expected to be very
valuable. Dairy farmers are now paid for their milk production based on fat and protein levels. Researchers and dairy farmers have more attention in raising Jersey cows because Jersey cows produce
milk with high content of fat and protein, and the content of milk ingredients directly affects farmers’ incomes and the processing characteristics of dairy products [4].
Bovine milk composition is influenced by many factors including breed and genotype [5–7], nutrition [8], season [9], parity [10], stage of lactation [11], as well as the physiological state of the
animal [12]. Previous studies have established the potential to exploit variation of milk composition
among breeds to improve milk quality [9,13].
Changes in the milk composition throughout lactation have been studied extensively [14–21];
however, little is known about the composition of milk produced during the early lactation in Jersey
and Holstein cows.
The aim of the present study was to compare Jersey and Holstein dairy cows in relationship with
the general composition, fatty acids, amino acids and minerals content of milk at 3 days in milk
(DIM) and 30 DIM under the same housing system and feeding regime.
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MATERIALS AND METHODS
Animals and diet
All animal procedures were approved by the Institutional Animal Care and Use Committee (IACUC, No. 2017-252) at the National Institutional of Animal Science (NIAS, Jeonju, Korea).
A total of 6 Jersey and 6 Holstein cows were in the first lactation, and calved at spring of 2017,
so that mean calving date was April 27 ± 14.85 d for Jersey and April 29 ± 13.55 d for Holstein
cows. All cows housed in two sections within a free-stall barn, which divided into six from each
breed at the experimental dairy farm, Department of Animal Resources Development, NIAS,
Cheonan, Korea.
All cows had free access to water and offered a basal total mixed ration (TMR) diet ad libitum.
The TMR was mixed once daily and fed at 0900 h. The TMR contained 25.02% corn silage, 5.65%
alfalfa hay, 16.51% mixed haylage, 3.77% tall fescue hay, 3.72% beet pulp, 3.73% cottonseed, 1.88%
soybean meal, 38.87% the concentrate, and 0.84% other additives including mineral, sodium bicar566
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bonate and bypass fat based on dry matter. Net energy for lactation (NEL) of the TMR was calculated 1.7 Mcal/kg based on national research council (NRC) [22] requirements.
Sampling, measurements and analyses
Milk was collected on 3 DIM and 30 DIM, which was sampled on a one day consecutive morning-evening milking from each cow. Cows were milked in a herringbone milking parlour twice a
day (0600 and 1700 h). Milk samples were divided into 2 subsamples; First subsample of each cow
immediately determined using milk composition analyzer (LactoScop MK2, Delta Instruments,
the Netherlands) for milk component including milk fat, protein, lactose, total solids (TS), citrate,
milk urea nitrogen (MUN), free fatty acid (FFA), and somatic cell count (SCC). Second subsample
was stored at −80℃ until analyzed, and used for the analysis of fatty acids (FA), amino acids (AA),
and mineral contents in each cow’s milk. Fat was isolated from the milk samples to determine the
FA composition by centrifuging thawed milk at 21,000×g for 30 min at 4℃. The amount of fat,
protein, lactose and TS percentage can be calculated using the following formula.
Milk composition %
=

Tqtal milk compositiqn (fat or protein or lactose or TS) / day ^ kg h
Tqtal milk yield / day ^ kg h

# 100

FA in milk fat was converted to fatty acid methyl esters (FAMEs) using a modified version of
Bannon et al. [23]. Separation and identification of FAMEs were performed using gas chromatography (Agilent 6890, Agilent Technologies, CA, USA) equipped with a flame ionization detector
(FID) and a fused silica capillary column (30 m × 0.32 mm × 0.25 µm, OmegawaxTM 320, Supelco, Bellefonte, PA, USA). Separated FAMEs were identified by retention time comparison and
results were calculated using response factors derived from quantitative chromatographic standards
of known composition (Nu Chek Prep). The injector, detector, and oven temperatures were set at
250℃, 260℃, and 200℃, respectively. All analytical results were expressed in wt% (g FA / 100 g of
FAs).
AA composition was determined using ion-exchange chromatography with an AA analyzer
(Type Model 835-50, Hitachi, Japan) with a C18 column (4.6 × 250 mm, 5 µm, Waters, Milford,
MA, USA). The resulting sample was determined at 38℃ and detected a flow rate of 1.0 mL/min
at 254 nm.
Mineral contents were determined using an inductively coupled plasma-automic emission
spectrometer (ICPS 7510, Shimadzu, Kyoto, Japan) after digestion with HNO3 using a microwave
digestion system (Ethos 1, Milestone, Sorisole, Italy).
Statistical analysis
The date, fat, protein, lactose, TS, citrate, MUN, FFA, SCC, FA, AA and minerals in milk were
recorded. All the raw data were prepared on Microsoft Excel (Microsoft, Redmond, WA, USA)
and then analyzed with the statistical package SAS Enterprise Guide 7.1 (SAS Institute, Cary, NC,
USA).
The effects of breed and DIM on the composition of colostrum and milk were analyzed with
multiple analysis of variance (GLM procedure). The null hypothesis was rejected if p < 0.05. In the
case of the rejection of the null hypothesis Duncan’s multiple range test was applied for the comparison of means. In order to analyze the differences between breeds within the same analytical
parameters, one-way analysis of variance (ANOVA procedure) was applied for all compositions of
3 DIM and 30 DIM.
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RESULTS
The milk compositions of primiparous Jersey and Holstein cows at 3 DIM and 30 DIM were presented in Table 1 and Fig. 1. In this study, the sampling of different breeds should be accomplished
at the same time after parturition since the milk compositions are rapidly changing in the first few
days after calving.
The fat, protein, lactose, and TS concentrations in Jersey milk were 4.82%, 6.43%, 3.85%, and
15.7% at 3 DIM, and were 4.99%, 3.26%, 4.72%, and 13.66% at 30 DIM, respectively. For Holstein, the fat, protein, lactose, and TS concentrations were 4.67%, 7.4%, 4.24%, 19.92% at 3 DIM,
and were 4.12%, 2.82%, 4.89%, 12.55% at 30 DIM, respectively. As the DIM advanced, the milk
protein contents in both breeds decreased (p < 0.05), while lactose increased significantly (p < 0.05).
The milk compositions such as fat, protein, and lactose contents at 3 DIM were not significantly
changed between breeds. However, fat, protein, and TS content were significantly increased in Jersey milk than that of Holstein milk at 30 DIM. SCC in Jersey milk was significantly lowers (1,390
× 103/mL) than in Holstein cow milk (2,034 × 103/mL) at 3 DIM. However, SCC in Jersey milk
was significantly higher (131.6 × 103/mL) than in Holstein milk (55.67 × 103/mL) at 30 DIM (p <
0.05). Citrate in Jersey milk was significantly less at 3 DIM (2.84 mmol/L) than at 30 DIM (3.17
mmol/L) (p < 0.05), but in Holstein milk was significantly more at 3 DIM (6.08 mmol/L) than at
30 DIM (2.79 mmol/L) (p < 0.05).
The entire FA profile of milk produced by Holstein and Jersey cows was presented in Table 2.
The proportion of long chain FA as stearic acid (C18:0) and oleic acid (C18:1 n-9) was low at 3
DIM, and thereafter increased at 30 DIM. However, the proportion of myristic (C14:0), palmitic
(C16:0), and arachidonic acid (C16:1) were higher in milk fat at 3 DIM (10.15%, 36.15%, and 0.52%
in Jersey milk; 12.13%, 40.82%, and 0.46% in Holstein milk, respectively) than that at 30 DIM
(8.81%, 32.02%, and 0.23% in Jersey milk; 8.53%, 31.25%, and 0.33% in Holstein milk, respectively) of all breed cows (p < 0.05). Stearic (C18:0) and oleic acid (C18:1 n-9) were lower in milk fat
at 3 DIM (13.53% and 32.73% in Jersey milk; 10.76% and 29.42% in Holstein milk, respectively)
than that at 30 DIM (17.88% and 35.16% in Jersey milk; 16.67% and 37.33% in Holstein milk,
respectively) of all breed cows (p < 0.05). The level of saturated fatty acids (SFA), mono- (MUFA),
poly- unsaturated fatty acids (PUFA) and C18:1 to C18:0 ratio were significantly changed at 3
DIM to 30 DIM in both breed (p < 0.05). From our study results, Jersey milk had a higher level
of C18:0 (2.77%), C18:1 (3.31%), C20:4 (0.06%), MUFA (3.11%), and PUFA (0.76%), and lower
Table 1. Milk compositions of Jersey and Holstein cows at 3 DIM and 30 DIM
Item

Jersey

Holstein

SEM

p-value

3 DIM

30 DIM

3 DIM

30 DIM

Fat (%)

4.82 ± 0.37

4.99 ± 0.25

4.67 ± 0.50

4.12 ± 0.22

0.23

0.625

0.465

0.506

Protein (%)

6.43 ± 0.48x

3.26 ± 0.03y

7.47 ± 0.89x

2.82 ± 0.08y

0.36

< 0.001

0.381

0.330

y

x

y

x

Lactose (%)
Total solids (%)
3

SCC (×10 /mL)

DIM

Breed

DIM × Breed

3.85 ± 0.11

4.72 ± 0.19

4.24 ± 0.12

4.89 ± 0.04

0.08

< 0.001

0.823

0.537

15.73 ± 0.55

13.66 ± 0.37

19.92 ± 1.30x

12.55 ± 0.27y

0.34

< 0.001

0.004

0.007

x

1,390 ± 210.6
y

y

131.6 ± 63.8

x

x

y

2,034 ± 502.2 55.67 ± 14.18
x

169.19

< 0.001

0.201

0.331

y

Citrate (mmol/L)

2.84 ± 0.07

3.17 ± 0.12

6.08 ± 1.18

2.79 ± 0.06

0.47

0.017

< 0.001

< 0.001

MUN (mg/dL)

5.61 ± 0.53

7.60 ± 0.21

22.31 ± 3.29x

7.77 ± 0.30y

1.01

0.125

< 0.001

< 0.001

y

0.38

< 0.001

0.380

< 0.001

FFA (mmol/100 g)

y

1.04 ± 0.21

x

8.97 ± 1.02

x

5.01 ± 0.93

1.11 ± 0.13

Values are expressed as mean ± SEM of 6 dairy cows in each group.
x,y

Denote comparisons made between 3 DIM and 30 DIM in each breed group (p < 0.05).

DIM, days in milk; SEM, standard error of means; SCC, somatic cell count; MUN, milk urea nitrogen; FFA, free fatty acid.
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Table 2. Fatty acid compositions (%) in the milk of Jersey and Holstein cows at 3 DIM and 30 DIM
Fatty acid

Jersey

Holstein

SEM

3 DIM

30 DIM

3 DIM

30 DIM

C14:0 (Myristic acid)

10.15 ± 0.45x

8.81 ± 0.36y

12.13 ± 1.40x

8.53 ± 0.60y

C16:0 (Palmitic acid)

x

y

x

y

p-value
DIM

Breed

DIM × Breed

0.30

0.005

0.347

0.151

% of total fatty acid

C16:l n-7 (Palmitoleic acid)
C18:0 (Stearic acid)
C18:l n-9 (Oleic acid)

36.15 ± 0.79

32.02 ± 0.84

40.82 ± 4.05

31.25 ± 0.96

0.67

< 0.001

0.286

0.087

2.71 ± 0.08

2.47 ± 0.11

3.04 ± 0.03

2.77 ± 0.10

0.06

0.059

0.060

0.940

10.76 ± 1.49y 16.67 ± 1.44x

0.54

< 0.001

0.116

0.515

29.42 ± 4.00y 37.33 ± 0.55x

0.62

0.007

0.855

0.096

13.53 ± 0.50y 17.88 ± 0.84x
y

32.73 ± 0.85

x

35.16 ± 0.85

C18:2 n-6 (Linoleic acid)

3.20 ± 0.35

2.56 ± 0.08

2.64 ± 0.12

2.33 ± 0.08

0.18

0.087

0.446

0.738

C18:3 n-6 (γ-Linoleic acid)

0.13 ± 0.01

0.12 ± 0.01

0.12 ± 0.01

0.13 ± 0.00

0.01

0.761

0.973

0.515

C18:3 n-3 (Linolenic acid)

0.43 ± 0.05

0.33 ± 0.02

0.29 ± 0.03

0.29 ± 0.04

0.03

0.200

0.121

0.497

C20:l n-9 (Eicosenoic acid)

0.46 ± 0.04

0.42 ± 0.01

0.34 ± 0.03

0.37 ± 0.01

0.02

0.463

0.180

0.561

C20:4 n-6 (Arachidonic acid)

0.52 ± 0.05x

0.23 ± 0.04y

0.46 ± 0.04x

0.33 ± 0.09y

0.03

< 0.001

0.710

0.337

x

y

x

y

56.45 ± 0.49

0.65

0.023

0.651

0.090

32.79 ± 4.00y 40.47 ± 0.56x

0.64

0.019

0.970

0.113

58.71 ± 0.96

Saturated fatty acids

59.83 ± 0.95

Monounsaturated fatty acids

35.90 ± 0.90y 38.05 ± 0.93x

63.70 ± 3.96

Polyunsaturated fatty acids

4.27 ± 0.41x

3.24 ± 0.13y

3.51 ± 0.05x

3.08 ± 0.19y

0.21

0.026

0.839

0.600

C18:0: C18:l

2.47 ± 0.09x

2.06 ± 0.14y

2.74 ± 0.01x

2.29 ± 0.16y

0.07

0.007

0.372

0.049

Values are expressed as mean ± SEM of 6 dairy cows in each group.
x,y

Denote comparisons made between 3 DIM and 30 DIM in each breed group (p < 0.05).

DIM, days in milk; SEM, standard error of means.

level of C14:0 (1.98%), C16:0 (4.67%) and SFA (3.87%) in Holstein milk at 3 DIM. Also, Jersey
milk had an increased level of C14:0 (0.28%), C16:0 (0.7%), C18:0 (1.21%), SFA (2.26%), and
PUFA (0.16%), and decreased level of C18:1 (2.17%), C20:4 (0.1%), and MUFA (2.42%) than that
of Holstein milk at 30 DIM (Fig. 2).
The amino acid (AA) content of milk did not differ between Jersey and Holstein cows (Table
3). The essential AAs were higher in milk of Holstein cows than that of Jersey cows at 3 DIM,
while were lower in milk of Holstein cows than that of Jersey cows at 30 DIM, numerically. As the
milk protein content decreased over time, the AA profiles were observed the same tendency from 3
DIM to 30 DIM (p < 0.05).
The changes in mineral elements concentration in Jersey and Holstein milk at 3 DIM and 30
DIM were presented in Table 4. Holstein milk had higher content of calcium (Ca; 1,946.67 mg/
kg), phosphorous (P; 1,864.25 mg/kg), potassium (K; 1,440.28 mg/kg), magnesium (Mg; 289.98
mg/kg), ferrous (Fe; 2.63 mg/kg) and zinc (Zn; 21.95 mg/kg) than that of Jersey milk (1,611.82
mg/kg; 1,449.82 mg/kg; 1,012.84 mg/kg; 184.00 mg/kg; 2.01 mg/kg and 8.59 mg/kg respectively)
at 3 DIM. However, Jersey milk had higher content of Ca, P, Mg, and Zn (1,168.89 mg/kg, 1,023.08
mg/kg, 115.40 mg/kg, and 3.73 mg/kg, respectively); and lower content of K (1,002.56 mg/kg) and
Fe (1.83 mg/kg) than that of Holstein milk (857.68 mg/kg, 922.60 mg/kg, 92.23 mg/kg, and 2.92
mg/kg, respectively) at 30 DIM (p < 0.05).

DISCUSSION
The main objective of this study was to compare Jersey and Holstein dairy cows in relationship with
the milk composition, fatty acids, amino acids, and minerals of milk at 3 DIM and 30 DIM under
the same TMR diet across the early lactation.
In the current study, the primiparous of two breed cows were used since suggested by Bainbridge
570
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Fig. 2. Differences (%) for the fatty acid profile at 3 DIM (A) and 30 DIM (B) of Jersey milk compared
Fig. 2. Differences (%) for the fatty acid profile at 3 DIM (A) and 30 DIM (B) of Jersey milk compared with
with milk
Holstein
(*p C14:0,
< 0.05).myristic
C14:0,acid;
myristic
acid;
C16:0,
palmitic
C16:l n-7, acid;
palmitoleic
Holstein
(* p milk
< 0.05).
C16:0,
palmitic
acid;
C16:l acid;
n-7, palmitoleic
C18:0, acid;
stearic
acid;C18:0,
C18:l n-9,
oleic
acid;
C18:2
acid; C18:3
n-6, γ-linoleic
acid;n-6,
C18:3
n-3, linolenic
acid; n-3,
C20:l
stearic acid; C18:l
n-9, n-6,
oleiclinoleic
acid; C18:2
n-6, linoleic
acid; C18:3
γ-Linoleic
acid; C18:3
n-9, eicosenoic acid; C20:4 n-6, arachidonic acid; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid;
linolenic
acid; C20:lfatty
n-9,acid.
eicosenoic acid; C20:4 n-6, arachidonic acid; SFA, saturated fatty acid; MUFA,
PUFA,
polyunsaturated
monounsaturated fatty acid; PUFA, polyunsaturated fatty acid.

Table 3. Amino acid compositions (%) in the milk of Jersey and Holstein cows at 3 DIM and 30 DIM
Item

Jersey

Holstein

3 DIM

30 DIM

3 DIM

30 DIM

Cysteine

0.097

0.045

0.153

0.043

Methionine

0.137

0.081

0.142

0.071

Asparagine

0.578

0.291

0.766

Threonine

0.401

0.185

0.578

Serine

0.514

0.237

Glutamine

1.326

Glycine

0.190

Alanine
Valine

SEM

p-value
DIM

Breed

DIM × Breed

0.008

< 0.001

0.186

0.167

0.009

0.001

0.933

0.743

0.277

0.040

< 0.001

0.391

0.322

0.180

0.031

< 0.001

0.234

0.241

0.693

0.227

0.038

< 0.001

0.386

0.334

0.738

1.584

0.692

0.081

< 0.001

0.609

0.467

0.081

0.259

0.078

0.015

< 0.001

0.404

0.365

0.273

0.134

0.359

0.122

0.020

< 0.001

0.459

0.338

0.433

0.215

0.557

0.193

0.031

< 0.001

0.523

0.370

Isoleucine

0.304

0.162

0.348

0.144

0.019

< 0.001

0.790

0.523

Leucine

0.716

0.373

0.892

0.344

0.047

< 0.001

0.537

0.395

Tyrosine

0.370

0.157

0.463

0.147

0.028

< 0.001

0.543

0.460

Phenylalanine

0.348

0.187

0.417

0.175

0.022

< 0.001

0.605

0.464

Lysine

0.562

0.295

0.718

0.276

0.037

< 0.001

0.476

0.363

% of the milk sample

Histidine

0.178

0.093

0.231

0.090

0.012

< 0.001

0.426

0.379

Arginine

0.274

0.123

0.379

0.123

0.022

< 0.001

0.367

0.333

Proline

0.660

0.370

0.865

0.370

0.045

0.001

0.443

0.335

DIM, days in milk; SEM, standard error of means.
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Table 4. Mineral compositions in the milk of Jersey and Holstein cows at 3 DIM and 30 DIM
Item

Jersey

Holstein

3 DIM

30 DIM

3 DIM

Ca

1,611.82

1,168.89

1,946.67

P

1,449.82

1,023.08

K

1,012.84y

946.80

Mg

184.00y

Fe

2.01

30 DIM

SEM

p-value
DIM

Breed

DIM × Breed

0.942

0.093

Mineral compositions (mg/kg)

y

Zn

8.59

857.68

72.92

0.001

1,864.25

922.60

60.65

< 0.001

0.285

0.086

1,440.28x

1,002.56

38.67

0.134

0.031

0.095

115.40

289.98x

92.23

11.40

< 0.001

0.138

0.024

1.45

2.63

1.83

0.16

0.072

0.298

0.790

2.92

1.08

0.001

0.023

0.011

3.73

x

21.95

x,y

Denote comparisons made between 3 DIM and 30 DIM in each breed group (p < 0.05).

DIM, days in milk; SEM, standard error of means.

et al. [24], which reported that the parity influences on the component of milk. The milk fat and
protein percentage in Jersey cows was higher than those of Holstein cows at 30 DIM. These results
were consistent with previous research between Holstein and Jersey [24–26]. Bainbridge et al. [24]
reported that the fat and protein percentage of Holstein milk decreased from 5 DIM to 95 DIM,
while in Jersey milk, the protein percentage decreased, and the fat percentage increased from 5
DIM to 95 DIM. This study observed that the milk protein decreased, and lactose increased in both
breeds as DIM increased. Our study results are agreed with Tsioulpas et al. (2007) who reported
that the lactose content was low on the first day after calving and then increased gradually thereafter up to 60 days.
Citrate plays a role in milk-processing by interacting with other milk constituents to influence
the coagulation of milk protein and produces the distinct aromatic flavor of fermented milk product [27]. Citrate content in this study was higher in Jersey milk than in Holstein milk at 30 DIM.
These results suggest that Jersey milk can be more effective in the processing such as a fermented
cheese making compared with Holstein milk.
MUN is a final product of protein metabolism and is negatively related to energy level of diet
[28]. This study showed that MUN levels of all cows at 30 DIM was lower than the normal value
(10–14 mg/dL) that reported by Taytak and Bayram [29], which is optimum MUN levels for medium and low-yield dairy cattle. It is understandable that low MUN level of all breed milk at 30
DIM arose from lower milk production of cows in first lactation compared with multiparous cows.
The amount of lactose present in the milk can itself act as an indicator of mammary gland
health, being more sensitive to detect an SCC increase than other components [30]. In the present
study, DIM influenced the percentage of lactose in the milk. The two breed cows had higher lactose
percentage in the 30 DIM. An earlier study demonstrated that the higher level of SCC milk had
low level of lactose content [30]; it may be due to the leakage in the blood-milk barrier, in addition
to the reduced biosynthetic potential of secretory cells [31].
In this study TS content of Jersey and Holstein cow milk meet the milk composition standard
requirement for cows of 12.8%–14.5% [32]. Our study results are agreed by Nevens [33] who reported earlier that the higher TS percentage was higher (12.27% to 14.54%) in Ayrshire, Brown
Swiss, Guersey, Holstein and Jersey. Also, our result supported with one more study who reported
earlier that the Indian dairy cattle showed the milk TS percent ranged from 12.20% to 15.0% [34].
SCC is one of the predictor which mostly used for sub-clinical mastitis in dairy cows [35], and
this SCC was highest shortly after calving, declined rapidly to a nadir between days 25 and 45 and
then rose slowly throughout the rest of lactation cycle [36]. Breed and DIM had significant effects
on SCC in the milk. Interaction effect was detected between DIM and breed. The high-producing
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cattle breed such as Holstein cows had a higher value in SCC when at 3 DIM case was present in
comparison with Jersey cows. Similar findings was reported by Banga et al. [37] which reported
that SCC value was higher in Holstein milk than in than Jersey cow milk. There seems to be breed
differences between Holstein and Jersey cows in the innate immune responses to Staphylococcus aureus intramammary infection as observed in other studies [38].
An FFA content increase implies either to the deteriorated health state of dairy cow or to fat
decomposition as a consequence of milk microbial contamination which is usually caused by undesirable psychrotrophic or thermo-resistant microflora [39]. The negative energy balance of cows
occurred by increasing milk yield in early lactation, and can lead to mobilize the body fat for energy
acquirement [40]. Thus at first the FFA content are high in milk. This study appeared that the FFA
of Holstein cows decreased, while the FFA of Jersey cows increased as DIM progressed from 3 d to
30 d. The increased FFA content of Jersey milk in this study can be predicted, as Jersey cows experience the negative energy balance, which produced more milk fat and protein, compared to Holstein
cows. Also, it appeared to relate with higher SCC in Jersey milk than that of Holstein milk. An increased FFA causes a slightly bitter smack in the dairy product [40], and impairs the milk fermentation progress [41].
SFA, MUFA and PUFA in this study changed significantly as DIM increased from 3 d to 30
d. However, there were no significant differences between Holstein and Jersey milk. These results
are different from Soyeurt et al. [42], which reported that the FA of milk were influenced by dairy
breed. It can be attributable that two breed cows fed the same TMR diet to remove the effect of the
diet as a major factor affecting the FA profile of milk fat [43]. Oleic acid (C18:1 n-9) in milk fat is
a biomarker for negative energy balance during the early lactation or in ketosis-arousing period [44].
On these differences, Medrano et al. [45] proposed that this reason is due to differences between
breeds in the activity of stearoyl coenzyme A desaturase (SCD; also known as Δ9-desaturase),
which secreted in the mammary. SCD oxidizes stearic acids (C18:0) to oleic acids (C18:1) and is
involved in conjugated linoleic acid (CLA) production, which has positive health benefit to inhibit
cancer and carcinogen [45–47]. Some FA composition of milk fat in this study showed significantly difference between 3 DIM and 30 DIM. These changes were caused by continually decreasing
amounts of FA, which obtained from mobilized adipose tissue as cows experienced an energy imbalance by supplied the diet with insufficient energy level related to MUN in the early lactation [48].
Another important reason for the difference in MUN values between Holstein and Jersey milk at 3
and 30 DIM is a difference in MUN efficiency of N digestion in early lactation [49].
All AAs in this study showed a significant decrease from 3 DIM to 30 DIM. Essential AAs
such as methionine, threonine, valine, isoleucine, leucine, phenylalanine, lysine, and histidine were
numerically included more in Jersey milk than in Holstein milk at 30 DIM. The protein contents
of milk depend mostly on breed, lactation status, and age. The amount of the essential AAs in milk
between breeds is proportional to the protein contents [50]. Csapo et al. [50] found that the higher
protein content in the case of Jersey was accompanied with higher essential AA concentrations
in Jersey milk than in Holstein milk, but the AA profile of milk protein did not diﬀer notably by
breeds.
The concentrations of Ca, P, Mg, and Zn in this study decreased as DIM increased from 3 days
to 30 days. K concentration was higher in Holstein milk than in Jersey milk, while Zn was higher
in the milk of Jersey cows than that of Holstein cows. Ca and P in Jersey milk were higher than in
Holstein milk. These minerals in milk have an influence on milk coagulation ability [51,52], and are
associated with a quick onset of coagulation and high curd firmness rate in the milk processing for
cheese [53,54].
The main objective of this study was to compare the major and minor milk compositions be-

https://doi.org/10.5187/jast.2020.62.4.565

https://www.ejast.org | 573

A study on milk composition of Jersey and Holstein cattle

tween primiparous Jersey and Holstein dairy cows fed the same TMR diet at 3 DIM and 30 DIM.
In all breed cows, milk protein decreased, and lactose increased as DIM increased. Milk fat, protein,
and citrate were higher in Jersey milk than in Holstein milk at 30 DIM. Jersey milk had low the
ratio of C18:1 to C18:0 than that of Holstein milk at 30 DIM, and it may be lack of the health
benefit factor. However, Jersey milk could be supply more essential AA in proportion to the protein
contents. Also, mineral contents related to coagulation ability were higher in Jersey milk than in
Holstein milk. Therefore, the current study suggests that Jersey milk be more effective in processing
dairy products compared with Holstein milk under the same environmental and nutritional conditions.
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