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Abstract

USE OF MILK PROGESTERONE RIA FOR THE MONITORING OF ARTIFICIAL INSEMINATION IN DAIRY COWS.
Milk samples were collected on day 0, day 10-12 and day 22-24 after artificial insemination (AI) from

2349 dairy cows in 5 dairy farms. Progesterone concentration was measured by RIA. Based on the progesterone
concentration in the three milk samples, the reproductive status of the cows could be identified and they were
classified as pregnant (50.9%), non-fertilisation (25.8%), inactive ovary (6.1%), persistent corpus luteum (3.5%),
AJ at inappropriate time (during luteal phase or luteal cyst, 6.2%) and abnormal oestrous cycles (7.5%). The
results and interpretation were sent back to AI technician and veterinarians in the dairy farms as soon as possible.
They in turn used this information, together with their findings from rectal palpation, to arrive at a reliable
diagnosis of the reproductive status in each cow and, where necessary, to adopt appropriate remedial measures in
order to ensure pregnancy at subsequent service. So far, 3477 oestrus cycles have been monitored. For
establishing a routine system of milk progesterone monitoring in these dairy farms, an ELISA method would be
more practical.

1. INTRODUCTION

One of the important aspects for increasing the productivity in dairy husbandry is to enhance
the reproductive efficiency, particularly the conception rate obtained through artificial insemination
(AI). However, it is known that as the individual milk yields of cows increase, reproductive problems
also increase and there is a higher incidence of reproductive diseases.

At present in most dairy farms in China, the rectal palpation method is used for diagnosing
pregnancy, confirming oestrus and detection of reproductive diseases. However, this is a difficult
technique, which needs experience and practice. Accuracy of rectal palpation is also limited and there
is a possibility of false diagnoses. Therefore this method needs to be aided by other diagnostic
methods.

Use of milk progesterone assay for monitoring of reproductive state in dairy cows has a history
of more than twenty years in the world [1, 2, 3]. In the last 15 years some Chinese agricultural
colleges and research institutes have conducted milk progesterone assay (RIA or EIA) for early
pregnancy diagnoses, oestrus confirmation and even diagnosis of reproductive diseases. But many of
these reports only deal with limited numbers of cows or provide inadequate information due to the
lack of frequent and regular sampling during a reproductive cycle [4, 5, 6].

In the present research the objective was to adopt an adequate milk sampling regime, and to
include sufficient numbers of cows, so that we could do detailed monitoring of the reproductive
process of dairy cows, not only for early non-pregnancy diagnoses, but also to detect various
abnormal reproductive situations. Our purpose is to play a bigger role for enhancing the reproductive
efficiency in dairy cows in China.
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2. MATERIALS AND METHODS

2.1. Survey

2.1.1. Farms
Beijing area is located in a temperate zone with four distinct seasons. The highest ambient

temperature during summer is above 35°C and the lowest during winter is below -10°C. There are
about 20 000 dairy cows in Beijing area, most of which are Holstein breed, distributed over 45 dairy
farms. Five dairy farms were chosen for this project in 1995. One of the farms (Liangzhong - LA), is
owned by the government while the other four (1A, 2A, 3A and 4A) belong to the West Suburb Milk
Cow Company, which is a co-operative. The average size of farms was 400 breedable cows. The
purpose is purely milk production and the feeding system is based on concentrates plus roughage with
no grazing.

2.1.2. AI system and technicians
The dairy farms in Beijing area are not permitted to keep breeding bulls and all cows are bred

by AI. Frozen semen, packaged in straws, is purchased mainly from Beijing Bull Station, but some
semen is also imported from USA and Canada). The dairy farms have their own resident AI
technicians. Each farm in the present study had a chief technician who had at least ten years of AI
experience and two assistants.

2.1.3. Oestrus detection and pregnancy diagnosis
Oestrus detection was done mainly by visual heat signs (standing, mounting, mucus). Some AI

technicians confirmed heat by additional rectal palpation one day before AI. Pregnancy diagnosis was
performed by AI technicians through rectal palpation, generally 60 days after AI, on cows which did
not return to service.

2.1.4. Milk sampling
The AI technicians collected three milk samples from each inseminated cow (day 0, day 10-12

and day 22-24 after AI) and this was repeated if a cow returned to service, until she became pregnant
or were culled, collection. Milk (7-8 mL) was collected directly into sampling vials which contained
a preservative (K2C12O7), mixed and stored at 4°C until transferred to the laboratory. The samples
were centrifuged for 15 minutes at 2000G at 4°C, the fat layer was drawn off with a glass rod, most of
the skim milk transferred to storage vials using a pipette, and stored at 4°C until RIA.

Samples with inadequate records or incomplete sets of samples were discarded. Milk samples
from a total of 3471 services in 2349 cows were analysed and used in the interpretation of results.

2.1.5. Data recording and analysis
Data relating to the cows and services were collected from the cow cards and breeding

calendars kept in the dairy farms. The information was entered into the Artificial Insemination
Database Application (AIDA, Joint FAO/IAEA Division, Vienna) and reports were generated using
the application.

2.2. Interventions in cows with dysfunctional ovaries

2.2.1. Reproductive management
In the farms used for the present study the AI technicians were responsible for AI and all

aspects of reproductive management including diagnosis and treatment of ovarian dysfunction and the
administration of exogenous hormones. The veterinarians were responsible for all other types of
health problems and disorders, including prevention and treatment.

2.2.2. Commonly used exogenous hormone treatments
Cows with reproductive disorders were treated with exogenous hormones on a routine basis

according to the practice commonly adopted on these farms. Prostaglandin analogue (Cloprostenol,
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ICI, UK) was administered at a dosage of 400 |ig to cows with persistent corpus luteum (CL) or luteal
cysts and, if oestrus occurred, AI was done two days after treatment. Gonadotrophin Releasing
Hormone (GnRH, LRH-A3) was administered at a dosage of 20 [xg to cows with inactive ovaries or
follicular cysts and AI was done simultaneously. Oestradiol benzoate or a combination of steroid
hormones (oestradiol, progesterone and testosterone) was administered to anoestrous cows with
detectable follicles and AI was done when oestrus was observed.

2.2.3. Milk sampling
On two farms, the cows which were treated with exogenous hormone (101 and 130 cows

respectively) were monitored using progesterone measurement in milk. Milk samples were collected
before hormone injection, followed by the three sample regime described above (section 2.1.4). If the
cows did not show oestrus after hormone treatment, two milk samples were collected on days 10-12
and 22-24 after treatment to determine the causes of anoestrus.

The data from these problem breeder cows were recorded and studied in relation to milk
progesterone profiles in order to determine the underlying causes and to evaluate the effects of
hormone treatment.

2.4. Radioimmunoassay

Progesterone was measured in milk samples using a direct (non-extraction) solid phase
radioimmunoassay with 125I labelled progesterone as tracer (FAO/IAEA, Vienna). The progesterone
standards were prepared in skim milk and ranged from 0 to 40 nmol/L. All tubes were set up in
duplicate. After adding standards, QC, samples and 125I progesterone, all tubes were incubated for four
hours at room temperature. The supernatant was then decanted and the tubes were counted in a
manual gamma counter (FT-646A), with data processing software which automatically constructed
the standard curve and calculated progesterone concentration in the samples.

The inter-assay coefficients of variation (CV) for low and high IQC samples were 9.7% (n =
11) and 10.3% (n = 14) respectively; the intra-assay CVs for these samples were 3.5% (n = 4) and
4.3% (n = 4) respectively. Progesterone concentrations were categorised as Low (< 1 nmol/L),
Intermediate (1-3 nmol/L) and High (> 3 nmol/L).

3. RESULTS

3.1. Survey

3.1.1. Conception rate
The conception rate (CR) at first service was 44.0% and the overall CR was 42.8%. In the

individual dairy farms (LA, 1A, 2A, 3A, 4A), the CR at first service was 39.6, 48.5, 47.5, 48.6 and
35.3% respectively. The overall CR in the five farms was 40.8 47.7, 43.5, 49.7 and 36.8%
respectively. The average interval from calving to first service was 111.7 days and the interval from
calving to conception was 132.6 days. The CR of cows decreased with increasing age (Table I).

TABLE I. CONCEPTION RATE (CR) OF COWS OF DIFFERENT AGES

Age (years)
2
3
4
5
6
7
8
9
>10

No. of cows
296
169
167
157
118
75
29
19
14

No. conceiving
132
80
82
61
48
29
8
6
5

CR (%)
44.5
47.3
49.1
38.8
40.6
38.6
27.5
31.5
35.7
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3.1.2. Progesterone
Progesterone concentration was measured in 3656 samples of milk collected on the day of AI

(day 0). Of these, 3324 samples (91%) had low values (<1 nmol/L), which indicate that these AI were
in cows without active corpus luteum. There were 181 samples (5%) with high values (>3 nmol/L),
which indicate that AI was done during luteal phase or pregnancy. The remaining samples (4%) had
intermediate values (1-3 nmol/L). The results from analysis of progesterone in three samples of milk
and the interpretations are given in Table II.

TABLE II. PROGESTERONE CONCENTRATION IN THREE SAMPLES OF MILK AND
RESULTS OF PREGNANCY DIAGNOSIS (PD) IN THE INSEMINATED COWS

DayO

Low
Low

Low
Low
High

*
Total

Day
10-12
High
High

High
Low
High

*

Day
22-24
High
Low

High
Low
High

*

PD

Pos
Neg

Neg
Neg

Pos/Neg

?

N° of cows

1495
892

275
212
122

476
3477

%

43.0
25.8

7.9
6.1
3.5

13.7
100.0

Interpretation

Conceived
Non-fertilisation,
early embryonic mortality
Late embryonic mortality
Inactive ovary, anoestrous
AI on pregnant cows, luteal
cyst, persistent CL,
intermediate values

Feedback was provided to the AI technicians and veterinarians on the dairy farms as soon as
possible (within 40 days after AI), on the results of progesterone assay and our interpretation. They
then adopted therapeutic treatment without delay to ensure that cows got pregnant as soon as possible.
Those not responding to treatment were culled.

3.2. Interventions in cows with dysfunctional ovaries

The results of progesterone assay on samples of milk collected from cows which were treated
with various hormones by the AI technicians were used to assess whether the treatment was
appropriate or not, and whether it was effective in overcoming the problem. The criteria for
judgement were as follows.

Prostaglandin (Cloprostenol) treatment was considered appropriate if the progesterone value
was high at the time, indicating existence of a CL, and inappropriate if progesterone was low. The
treatment was considered effective if progesterone values decreased and the cow showed heat,
whereas it was considered ineffective if progesterone values did not decrease or the cow did not show
heat.

GnRH treatment was considered appropriate if progesterone value was low at that time,
indicating the absence of a CL, and inappropriate if the progesterone value was high, indicating that
the cow was in the luteal phase or had a luteal cyst or persistent CL. Treatment was considered
effective if progesterone values rose and the cow developed a palpable CL. It was considered
ineffective if progesterone did not rise and the cow did not develop a palpable CL.

The results are presented in Table III and show that 21.7% (33/152) of prostaglandin treatments
and 11.5% (3/26) of GnRH treatments were inappropriate.
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TABLE III. ASSESSMENT OF THE APPROPRIATENESS AND EFFECTIVENESS OF
EXOGENOUS HORMONE TREATMENTS BASED ON PROGESTERONE MEASUREMENT

Farm

LA

L1-L4

Hormone
Used

Prostaglandin
GnRH

Prostaglandin
GnRH

Oestradiol
Combination of

steroids*

N ° cows
treated

80
21
72
5

30
23

Assessment of treatment and
Appropriate and

effective (%)
32 (40.0)
13(61.9)
27 (37.5)
1 (20.0)
13 (43.3)
8 (34.8)

Appropriate but
ineffective (%)

41 (51.2)
5 (23.8)
19(26.4)
4 (80.0)
17(56.7)
15 (65.2)

outcome
Inappropriate (%)

7 (8.8)
3 (14.3)

26(36.1)
0
0
0

*Oestradiol, progesterone and testosterone

4. DISCUSSION

4.1. Advantages of monitoring AI by milk progesterone assay

The reproductive management level of dairy farms in Beijing area is higher compared with
those in other areas of China. Mean annual milk yield was above 7000 kg and the average CR at first
AI was above 50%. The incidence of infertility (5%) and abortion (7%) were low. However, the AI
technicians are not always able to diagnose the status of ovarian activity correctly and they sometime
administer inappropriate therapies, resulting in loss of money and time. If progesterone measurement
can be introduced as a routine method into dairy farms, AI technician and veterinarians would hold a
powerful tool for dairy reproductive management and the reproductive efficiency and economic
benefit would be further improved. The present survey has provided very valuable information to
improve reproductive management.

Of the cows with low, high and high progesterone in the three successive samples, nearly 16%
returned to oestrus within two months after insemination, or were diagnosed as non-pregnant during
rectal palpation. This represents 8% of the total number of AI monitored, and is due mainly to late
embryo mortality during the period 25-60 days after insemination and to a lesser extent to abnormal
oestrous cycles (prolonged luteal phase). This finding is similar to those in previous reports of 8% by
Bulman and Lamming [7] and 12% by Yang and Guo [8]. In fact, milk progesterone monitoring is the
only way for confirming embryo mortality, which is useful for identifying the causes such as
management, immunity, genetics, etc. We identified and classified embryo mortality depending on
progesterone patterns and the intervals from AI to recurrence of oestrus. The results indicated that
most of the embryo mortality (65.5%) occurred before 50 days after AI, and the average interval from
calving to conception in cows with embryo mortality was 165.7 days, which was much longer than the
intervals in cows which conceived to the first AI (average 115.3 days) [9].

The cows with low, high and high progesterone in the three samples did not conceive or had
early embryo mortality. In such cases the farmer must observe carefully for the next oestrus or, if
there is an abnormality in the genital system, have appropriate treatment provided so that subsequent
insemination will be successful. Progesterone monitoring will allow the farmer to identify non-
pregnant cows earlier and avoid delays in getting them pregnant.

Presence of low progesterone in all three samples signifies that these cows had inactive ovaries,
with a few possibly having follicular cysts. This information is valuable to adopt appropriate
therapeutic treatment depending on the individual case, using GnRH or pregnant mare serum
gonadotrophin (PMSG) to stimulate inactive ovaries, and human chorionic goadotrophin (HCG) to
treat follicular cysts.

High progesterone in all three samples indicates that the cows had persistent CL, luteal cysts, or
were pregnant at the time of AI. Before attempting any treatment, it is important to correctly diagnose
the status of each cow by rectal palpation and to exclude those that are pregnant. For the non-pregnant
cows, prostaglandin can be given to destroy the CL or luteal cysts.
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The cows, which had high progesterone concentration at the time of AI were incorrectly
diagnosed in oestrus. Alerting farmers to this fact helps to improve their oestrous detection system
and to rule out cows in false oestrus. Such cows accounted for 5% of total inseminations, which is
similar to previous reports of 4.8% [2] and 7.8% [10]. Although AI at inappropriate time due to
incorrect oestrus detection is one factor that influences reproductive efficiency, other reproductive
problems such as non-fertilisation and embryo mortality are of greater importance in the farms
studied.

Intermediate progesterone values (1-3 nmol/L) were obtained for about 14% of the samples.
This could be due to abnormal oestrus cycles, sample mishandling (milk degeneration) or inaccuracies
in the assay. Other clinical data can help to interpret such results, but care is also needed to avoid
errors in sampling and assay.

4.2. Possibility of establishing milk progesterone assay system in dairy farms

Monitoring of milk progesterone on AI cows, together with rectal palpation, provides a more
comprehensive way to determine physiological states and to diagnose reproductive disease. It is a very
useful tool for AI technicians and veterinarians working on dairy farms, which can enhance
reproductive efficiency, increase CR and reduce the calving interval. However, RIA equipment and
progesterone RIA kits are expensive. Also, strict regulations govern the use of radioactive materials.
On the other hand, the Enzyme-Linked Immunosorbent Assay (ELISA) method of measuring
progesterone can be established more cheaply. Equipment costs involve about RMB Yuan 6000 to
8000 for a plate reader and the cost of measuring each sample is RMB Yuan 3 using kits. This system
would be more suitable for use on dairy farms in China.

4.3. Monitoring exogenous hormone therapy in problem cows

On normal dairy practice, to monitor all breedable cows as we have done during this study is
impossible due to limitations in budget and labour. However, it would be acceptable to monitor the
cows which are subjected to exogenous hormone treatment. During our survey and implementation
stages, we discovered that the exogenous hormone injections were often incorrectly used in some
dairy farms. For instance, some cows with persistent CL were injected with oestradiol or GnRH, and
some cows with inactive ovary were injected with prostaglandin. The causes of inappropriate
hormone therapy were mainly misdiagnosis of different types of ovarian dysfunction by rectal
palpation (e.g. misjudgement of follicular cyst from luteal cyst). If farm technicians could take a milk
sample before hormone treatment at the time of rectal palpation and determine progesterone content
immediately by ELISA, most misdiagnoses would be avoided. Thus the proportion of inappropriate
and unnecessary hormone treatments would be reduced greatly, resulting in economic benefits.

5. CONCLUSION

Due to the limitations of relying on visual observation and rectal palpation for determining
reproductive status, monitoring milk progesterone can help to improve reproductive efficiency and
economic benefits. AI technicians could lay emphasis on monitoring the cows which are subjected to
exogenous hormone treatment. This would reduce the costs and labour involved in the procedure.
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