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Abstract 
The objective of this study was to determine if fluctuation in temperature occurs in boar 
semen transported from boar studs to producer operations.  Transportation of semen 
from two boar studs using either a local courier or an overnight commercial shipping 
service was assessed.  Personnel at the boar stud activated two Stowaway® 
temperature-recording devices when preparing semen for shipment to a participating 
producer.  One of the devices was placed inside the insulated shipping container with 
the bottles of semen while the second device was placed on the exterior of the insulated 
container.  This allowed internal temperatures to be compared with ambient 
temperatures during shipment. 
The study showed fluctuations in temperature occurred inside the semen containers 
during shipment.  The effect was most pronounced during the longer air delivery service 
shipments.  In addition to shorter duration, the local courier shipments were not 
exposed to as great of fluctuations in ambient temperature as during the air delivery 
service shipments.  The insulating effect of the container expectedly caused a lag 
between changes in ambient temperature and the temperature inside the container.  
The lag time was apparently long enough during local courier shipments that the semen 
arrived at its destination with little change in temperature inside the container.  Although 
the study did not attempt to assess the viability of the semen following shipment, it 
demonstrated that temperature fluctuations of sufficient magnitude occur during air 
service delivery shipments to adversely affect fertility. 
Introduction 
The use of artificial insemination (AI) has increased dramatically in the swine industry in 
recent years.  Artificial insemination has several potential benefits including reduced 
transmission of certain diseases into the herd, introduction of higher quality genetics, 
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improved fertility, and improved profitability.  Although the technology is widely used and 
can be incorporated in most operations, successful implementation requires that the 
correct methodology be strictly followed.  Temperature control is an important facet of 
this methodology.  In fact, the ambient temperature in which boars were housed had an 
affect on their semen quality 1.  Rapid dilution and warming of cold boar semen were 
shown to have a detrimental effect on semen quality 2.  Cold shock caused 
morphological, functional, and structural changes to boar sperm 3.  Semen should be 
cooled slowly after collection and processing and maintained at a constant temperature 
during storage 4.  The stored semen should be maintained at a constant temperature 
between 62.60 F to 64.40 F 5.  Semen held at a constant temperature of 680 F, although 
out of the preferred range, will be more viable than semen, which has a mean 
temperature of 640 F but fluctuates between 600 F and 680 F 5.   
One of two general systems is followed for obtaining semen for AI.  The semen may be 
collected from boars housed on the premises of the producer or at a stud.  Although the 
producer does not have to contend with the collection process when using semen from 
boars housed at a stud, another step, transportation of semen, is introduced.  During 
the transportation process the semen may be subjected to great fluctuations in ambient 
temperature.  These fluctuations in ambient temperature may potentially adversely 
affect semen viability and thus fertility.  The semen is usually stored in Styrofoam® or 
other insulated containers during transport to maintain a constant semen temperature 
during transport.  The effectiveness of these measures has not been adequately 
investigated.  Few if any studies on the effects of temperature fluctuations during semen 
transportation have been reported. 
Objectives 
The objective of this study was to determine if fluctuation in temperature occurs in boar 
semen transported from boar studs to producer operations.  Transportation of semen 
from different boar studs using different transport services was assessed. 
Procedures 
Temperature of semen transported from boar stud to producer was monitored using 
Stowaway® temperature recorders.  These electronic devices were capable of recording 
the surrounding temperature every 5 minutes over a period of several days.  The 
temperature and time of sampling were stored until downloaded into a computer for 
analysis.   
Two boar studs participated in the study by including Stowaways® in shipments of 
semen.  Personnel at the boar stud activated two Stowaways® when preparing semen 
for shipment to a participating producer.  One of the devices was placed inside the 
insulated shipping container with the bottles of semen while the second device was 
placed on the exterior of the insulated container.  This allowed internal temperatures to 
be compared with ambient temperatures during shipment.   
If a local courier was used to transport the semen, the bottles were placed inside a 
single insulated container.  In the case of overnight delivery using a commercial carrier, 
the bottles of semen and a gel pack were cooled to 610 F and then placed inside an 
insulated container.  One gel pack per 10 bottles of semen was used.  This container 
was in turn placed into another insulated container along with more gel packs.  The 
Stowaways® were returned to one of the investigators.  The destination, departure and 
arrival time, name of boar stud, and type of transport service used was recorded for 
each shipment of semen. 
The stored data was downloaded from the Stowaway® into a computer.  Data recovered 
from the boar studs were combined for analysis.  Descriptive statistics were determined 
for the data.  The range of temperatures that was recorded inside the semen container 
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(RTI) was determined by taking the absolute value of the difference between the 
minimum and maximum temperatures that were recorded inside the semen container 
during each shipment.  A similar value (RTA) was determined for the ambient 
temperature recorded during each shipment.  These values were used as a measure of 
the degree of temperature fluctuation.  RTI and RTA were compared by boar stud and 
type of transportation using Proc GLM, SAS for Windows, Version 6.12 (SAS Institute 
Inc., Cary, NC, USA). 
Results 
Eleven semen shipments from 2 boar studs were monitored for the study.  Boar Stud A 
sent 2 semen shipments by local courier and 4 shipments by a commercial overnight-
air-delivery service.  Boar Stud B sent shipments exclusively by local courier.  The 
average time period between packaging of semen and arrival at its destination was 2 
hrs 32 min for local courier shipments and 22 hrs 54 min for air delivery service (Table 
1). 
Inside temperature appeared to be dependent upon outside temperature but changes 
were more gradual, of less amplitude, and lagged behind ambient temperature 
changes.  The inside and outside temperature of a representative shipment by air 
delivery service are plotted over time in Figure 1 to demonstrate this. 
The mean RTI and RTA during shipment by local courier for each boar stud are 
provided in Table 2.  The mean RTI and RTA by transportation type are provided in 
Table 3.  Within shipments by local courier, the boar studs did not have significantly 
different mean RTI (p=0.340) or mean RTA (p=0.424).  Only Boar Stud A shipped 
semen using an air delivery service; therefore, comparisons between boar studs for this 
type of shipment could not be made.  The mean RTI (2.10 F) was significantly less 

(p≤0.0001) for shipments by local courier than by air delivery service (12.80 F).  The 

mean RTA (8.70 F) was also significantly less (p≤0.0001) for shipments by local courier 
than by air delivery service (37.10 F). 
The study showed fluctuations in temperature occurred inside the semen containers 
during shipment.  The effect was most pronounced during the longer air delivery service 
shipments.  In addition to shorter duration, the local courier shipments were not 
exposed to as great of fluctuations in ambient temperature as during the air delivery 
service shipments.  The insulating effect of the container expectedly caused a lag 
between changes in ambient temperature and the temperature inside the container.  
The lag time was apparently long enough during local courier shipments that the semen 
arrived at its destination with little change in temperature inside the container.  The 
minimum RTI for the shipments by air delivery service was 9.10 F.  Temperature ranges 
of this magnitude are greater than fluctuations previously suggested detrimental to 
semen viability 5. 
Artificial insemination can contribute to the efficient production of pork through improved 
genetic quality, the need for fewer boars, and reduced risk of disease.  However, high 
semen quality must be maintained from production to insemination if AI is to provide 
these benefits.  As more producers use AI and rely on boar studs as a source of semen, 
identifying and rectifying potential deficiencies in the process are critical.  The 
successful breeding of sows with semen from boar studs indicates that semen does 
remain viable during transportation.  However, viability and fertility may not be optimal if 
temperature fluctuations of semen occur during transport.  Although the study did not 
attempt to assess the viability of the semen following shipment, it demonstrated that 
temperature fluctuations of sufficient magnitude occur during air service delivery 
shipments to adversely affect fertility.  Special attention to packaging and decreasing 
shipment time are indicated to reduce temperature fluctuation as a cause of decreased 
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semen viability. 
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Table 1.  Length of time (minutes) of semen shipments by local courier and air delivery 

service. 

  Air Deliver 

Service 

 Local 

Courier 

     Minimum  1295  100 

Mean  1375  152 

Maximum  1470  192 

 

 

Table 2.  Range of temperatures (
0
F) during shipment by local courier inside semen 

shipment container (RTI) and ambient temperatures (RTA) by boar stud. 

   RTI    RTA  

Boar Stud  Minimum Mean Maximum  Minimum Mean Maximum 

         A  1.2 3.0
a 

4.8  1.6 9.5
a 

11.8 

B  1.1 1.8
a 

3.2  6.8 6.7
a 

11.8 

 a
means within a column with the same superscript are not significantly different 

(p=0.340 (RTI), p=0.424 (RTA)) 

 

 

Table 3.  Range of temperatures (F) inside semen shipment container (RTI) and ambient 

temperatures (RTA) by type of transport. 

   RTI    RTA  

Type of 

Transportation 

  

Minimum 

 

Mean 

 

Maximum 

  

Minimum 

 

Mean 

 

Maximum 

         Courier  1.1 2.1
a 

4.8  1.5 8.7
a 

11.8 

Air  9.1 12.8
b 

16.0  28.4 37.1
b 

48.4 

 
a
means within a column with different superscripts are significantly different (p≤≤≤≤0.0001) 
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Figure 1.  Plot of inside container and ambient temperatures over time during a 

representative shipment of semen from Boar Stud A by overnight air delivery 

service. 
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