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Abstract 
 It has been previously reported that pregnancy rates from frozen Jersey embryos are lower than 
pregnancy rates from other breeds of cattle.  This study incorporated 1.5M ethylene glycol or 1.4M 
glycerol as cryoprotectants and utilized slow-cooling freeze programs.  The present study was undertaken 
to determine if the vitrification of Jersey embryos in 0.25 cc straws could result in a more favorable 
pregnancy rate than previously reported.  In addition, an in-straw dilution of cryoprotectants with 
resulting direct transfer (DT) of embryos was evaluated to determine if this methodology is compatible 
with vitrification processes.  Ten superovulations of nine Jersey donor cows yielded 50 embryos that were 
vitrified and subsequently thawed and transferred into suitable recipients using DT methodology.  The 
resulting pregnancy rate (28%) is numerically lower than retrospective pregnancy rates achieved from 
Jersey embryos slow-cooled in 1.4M glycerol or 1.5M ethylene glycol (46.2% and 39.9% respectively).  
However, two Jersey donors achieved reasonable pregnancy rates with their vitrified embryos (50%).  
This study has shown that average pregnancy rates of vitrified Jersey embryos utilizing DT methodology 
is numerically lower than average pregnancy rates of conventional, slow-cooled embryos.  However, due 
to the wide range of pregnancy rates in this study, individual donor cows may have different 
cryotolerances to this vitrification method.  Further modifications of vitrification systems utilizing DT 
methods may eventually improve overall pregnancy rates of frozen Jersey embryos. 
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Introduction 
 Cryopreservation of bovine embryos has been a routine procedure performed in commercial 
embryo transfer businesses for many years.  Pregnancy rates resulting from the transfer of frozen bovine 
embryos are for the most part very predictable as evidenced by the widespread domestic and international 
commercial activity of selling frozen embryos.  Many types of biologic specimens have been successfully 
cryopreserved; however, there have been some exceptions related to a decreased tolerance to chilling.  
Some notable examples are porcine embryos,1 oocytes,2 in-vitro produced embryos3 and Bos indicus 
embryos.4  Several reports in the literature have described lower pregnancy rates of frozen Jersey embryos 
when compared to pregnancy rates of frozen embryos from other dairy breeds.5-7  There has been some 
speculation about the reasons for this occurrence, especially with the discovery that Jersey embryos may 
have a relatively higher lipid content than embryos from other breeds.7,8  Some investigators have 
observed that embryos with higher lipid concentrations experience depressed frozen embryo pregnancy 
rates.1,7,9,10  This has lead the industry to test other types of cryoprotectants and procedures that may be 
more appropriate for Jersey embryos. 
 Vitrification, although not a new process,11 is a freezing procedure that has been successfully 
applied to many types of specimens.12-20  Recently, studies have compared pregnancy rates from embryos 
frozen by slow-cool conventional methods with embryos frozen by vitrification.21-30  Some of these 
studies have shown vitrification to be superior to conventional freezing techniques.22,27,31-33 
 Most vitrified specimens undergo a serial dilution of cryoprotectants in a laboratory setting prior 
to culture and/or transfer.  In-straw dilution of cryoprotectants was described a number of years ago34 and 
has the advantage of bypassing any laboratory environment by allowing DT of an embryo into a recipient 
animal after thawing and equilibration.  However, with the advent of 1.5M ethylene glycol as a 
cryoprotectant in slow-cooling systems, serial dilution of cryoprotectants is not necessary, making use of 
this cryoprotectant and DT the method of choice in the embryo transfer industry.  Ninety percent of all 
bovine embryos thawed in the US in 2007 utilized the DT method.35 
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 To date, there have not been sufficient data generated to determine if vitrification of Jersey 
embryos would increase frozen embryo pregnancy rates.  There have also been very few studies involving 
in-straw dilution of cryoprotectants of vitrified embryos with subsequent DT.26,36,37  Thus, the aim of this 
study was to compare pregnancy rates of vitrified Jersey embryos utilizing in-straw dilution of 
cryoprotectants and direct DT with retrospective pregnancy rates of Jersey and Holstein embryos frozen 
in glycerol or ethylene glycol by conventional slow-cooling methods. 
 
Materials and methods 
 
Animals 
 Ten superovulations were performed on nine lactating Jersey donor cows at least two years of age 
on five different dairies.  Donors were examined for normal reproductive health before enrollment.  One 
donor cow was superovulated twice.  Recipient animals were both lactating cows and virgin heifers and 
included Jersey and Holstein breeds. 
 
Superovulation 
 All donors were treated with a progesterone-containing vaginal insert (Eazi-Breed™ CIDR®, 
Pfizer Animal Health, New York, NY) at random stages of the estrous cycle four days prior to 
superstimulation.  Donors also received 100 mcg gonadotropin-releasing hormone (GnRH, Cystorelin®, 
Merial, Duluth, GA) 60 hours prior to superstimulation.  Superstimulation was accomplished with a 
decreasing dose of follicle stimulating hormone (FSH; Folltropin®-V, Bioniche, Bogart, GA)  twice daily 
over four days for a total dose of 300 mg.  Thirty-seven mg and 25 mg dinoprost tromethamine 
(Lutalyse®, Pfizer Animal Health) was given at the same time as the fifth and sixth FSH injection, 
respectively.  Vaginal inserts were removed when the sixth FSH injection was given.  Donor cows were 
inseminated twice with one unit of semen at 12 and 24 hours after the onset of estrus.  Embryos were 
collected 7.5 days after the onset of estrus. 
 
Recipient synchronization 
 Recipients were synchronized with either one or two injections of 25 mg dinoprost tromethamine 
or a progesterone-containing vaginal insert.  Recipients synchronized with a single injection of dinoprost 
tromethamine were observed for estrus two to five days after treatment.  Recipients synchronized with 
two injections were treated at an interval of 12-14 days and observed for estrus two to five days after the 
second injection.  Progesterone-containing vaginal inserts were placed at random stages of the estrous 
cycle and left in place for seven days.  Twenty-four hours prior to insert removal, recipients were injected 
with 25 mg dinoprost tromethamine.  The animals were observed for estrus for five days after removal of 
the inserts.  Only recipients detected in standing estrus and that had a mature corpus luteum on the day of 
transfer were used. 
 
Embryos frozen conventionally 
 Retrospective data from the last 15 years were compiled to compare pregnancy rates utilizing 
slow-cooling protocols.  Grade 1 or 2 Jersey and Holstein embryos were frozen by conventional slow-
cooling methods with either 1.4M glycerol (GLY) or 1.5M ethylene glycol (EG).  All embryos were 
thawed for six seconds in air, then 15 seconds in 30 °C water.  Embryos frozen in glycerol were passed 
through a three step serial dilution in the presence of 0.5M sucrose.  After serial dilution, embryos were 
transferred within one hour of thawing.  Embryos frozen in ethylene glycol were immediately loaded into 
a transfer gun after thawing and transferred within 10 minutes. 
 
Embryos vitrified 
 An aluminum block, partially submerged in a liquid nitrogen bath, was utilized as a vitrification 
chamber.  This device contains holes 123 mm deep with a diameter that allows a 0.25 cc straw to fit 
snugly against the metal sidewall with as little air interface as possible.  Grade 1 and 2 embryos were first 
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exposed to vitrification solution 1 (5.0M ethylene glycol) for three minutes then placed in a 15 ul drop of 
vitrification solution 2 (7.0M ethylene glycol plus 0.5M galactose with 18% Ficoll™ [GE Healthcare, 
Piscataway, NJ]).  Embryos were immediately loaded into a 0.25 cc straw in the following manner:  173 
ul dilution solution (1.0M galactose), a 10 mm air bubble, embryo in a 15 ul micro drop of vitrification 
solution 2, a 10 mm air bubble, with the remaining space filled with diluent solution.  Straws were then 
sealed and embryos were visualized to confirm their exact location prior to plunging.  Embryos were 
exposed to vitrification solution 2 for 45 seconds after which the straw was inserted into the vitrification 
device for 60 seconds.  Straws were then immediately plunged into liquid nitrogen and stored in goblets 
until transfer between one hour and 30 days later.  Embryos were thawed six seconds in air, then 20 
seconds in 35 °C water.  Straws were dried and shaken in a downward manner until all media within the 
straw was mixed.  Immediately after thawing, embryos were visually located during a four minute 
equilibration at 25 °C to ensure they were not in the end of the straw that was to be cut.  Embryos were 
then loaded into a transfer gun and transferred into a suitable recipient within ten minutes after 
equilibration. 
 
Pregnancy examination 
 All animals were manually examined for pregnancy 35 to 60 days after the calculated date of 
conception. 
 
Results 
 A total of 52 grade 1 and 2 embryos were recovered from ten superovulations of nine Jersey 
donor cows for an average of 5.2 embryos per flush (Table 1).  Fifty embryos were vitrified and two 
embryos were discarded during the vitrifying procedure.  This was due to the fact that these two embryos 
were exposed to vitrification solution 2 longer than 45 seconds due to technical difficulties and were 
excluded from this study.  A total of 50 vitrified Jersey embryos were thawed and transferred into suitable 
recipients resulting in 14 pregnancies  (28%).  Pregnancy rates for embryos frozen from each individual 
donor cow ranged from 0 to 50% (Table 1).  Pregnancy rates on individual dairies ranged from 0 to 
41.7% (Table 2).  Upon ultrasonic examination at 75 days gestation, one recipient on Farm 2 was found to 
have twin female fetuses, the result of spontaneous splitting of a vitrified embryo after thawing. 
 
Discussion 
 An average pregnancy rate of 28% achieved from the transfer of 50 vitrified Jersey embryos is 
numerically lower that the average pregnancy rates achieved from the transfer of Jersey and Holstein 
embryos slow-cooled in 1.4M glycerol or 1.5M ethylene glycol (Table 3).  Pregnancy rates of Jersey 
embryos, regardless of freezing technique, were numerically lower than pregnancy rates of frozen 
Holstein embryos.  Although data are limited, vitrified embryos from two donors resulted in pregnancy 
rates of 50.0%.  A wide variation of pregnancy rates (0-50.0%) from individual Jersey donors is apparent 
in this study of vitrified embryos, and, in the author’s experience, Jersey embryos frozen by conventional 
slow-cooling methods.*  The variation between Jersey donor cows that achieve above average pregnancy 
rates with frozen embryos, and those that underachieve on a consistent basis, indicates there may be 
differences in freezing tolerances among individual donors within the same breed.  This pilot study did 
not confirm the results of a previous study in which bovine embryos were vitrified in 6.5M glycerol and 
cryoprotectants diluted after thawing in 1M sucrose prior to DT.  Utilizing 728 recipients, pregnancy rates 
from vitrified embryos were similar to those from embryos slow-cooled and frozen in 1.5M glycerol with 
a three step serial dilution after thawing (45.1% vs. 44.5%, respectively).36  With the methods used in the 
current study, larger data sets would be necessary to test for significant differences in pregnancy rates 
between vitrified Jersey embryos and Jersey embryos frozen with conventional slow-cooling methods. 
 It is important to note that proper placement of the embryo within the vitrifying environment is 
extremely important when making critical evaluations of this process.  Prior to this study, 50 unfertilized 

                                                 
* R. Steele, Unpublished observations 

447



bovine ova were vitrified and it was noted that two ova were improperly located within the diluent 
solution after the straws were sealed  In the current study, all embryos were visually located prior to 
freezing to confirm their proper location within the vitrification environment.  In addition, upon thawing 
and mixing of diluent within the straw , embryos were located and tracked during equilibration to ensure 
they did not drift too close to the sealed end that was to be opened prior to transfer. 
 
Conclusion 
 Vitrification of mammalian embryos has been shown to be successful in a variety of clinical 
settings.  Perhaps the greatest challenge in undertaking this study was to incorporate an in-straw dilution 
and subsequent direct transfer method of vitrified embryos.  Can acceptable pregnancy rates be achieved 
with vitrified embryos without the time and expense of passing embryos through a serial dilution of 
cryoprotectants?  Can proper vitrification occur within the confines of a 0.25 cc straw where a large 
sample size (15 ul micro drop) and the insulating effects of the straw may be detrimental to the process?  
Both of these aspects would have great bearing on achieving an ultra-rapid cooling rate, a factor of critical 
importance in the vitrification process.  This study has shown that average pregnancy rates from vitrified 
Jersey embryos are numerically lower than the average pregnancy rates of Jersey embryos slow-cooled by 
conventional methods.  However, some individual exceptions were noted as vitrified embryos from two 
Jersey donors achieved a 50% pregnancy rate.  Donors that achieve high average pregnancy rates often 
demonstrate the potential of a new methodology.  Although Jersey embryos may possess unique 
characteristics in their cryotolerance, modification of current vitrification processes utilizing DT methods, 
combined with further field trials with larger numbers of animals, may help improve overall pregnancy 
rates with frozen Jersey embryos. 
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Table 1.  Summary table of superovulation and vitrification results. 

†One embryo discarded due to improper timing of vitrification process. 

Superovulation 
Number 

Total 
Recovered 

Total  
Grade 
1 & 2 

Total 
Grade 
3 

Total 
Degen. 

Total 
Unfert. 

Total 
Vitrified

Total  
Thawed 

Total  
Preg. 

Preg 
Rate 
(%) 

1 15 3 0 0 12 3 3 0 0.0 
2 15 12 1 0 2 11† 11 2 18.2 
3 7 5 0 1 1 5 5 2 40.0 
4 5 0 0 0 5 0 N/A N/A N/A 
5 6 3 0 0 3 2† 2 0 0.0 
6 13 10 0 2 1 10 10 5 50.0 
7 6 6 0 0 0 6 6 1 16.7 
8 22 8 0 0 14 8 8 4 50.0 
9 3 0 0 2 1 0 N/A N/A N/A 
10 7 5 1 0 1 5 5 0 0.0 
Totals 99 52 2 5 40 50 50 14 28.0 
Averages 9.90 5.20 0.20 0.50 4.00 5.00    
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Table 2.  Summary of pregnancies obtained at five different Jersey farms. 

 
Table 3.  Pregnancy rates resulting from the transfer of fresh and frozen Holstein and Jersey                             
embryos. 
 Holstein Embryos Jersey Embryos 
Embryos No. Transferred % Pregnant No. Transferred % Pregnant 
Fresh‡ 3376 65.3 1161 62.8 
Frozen GLY‡ 836 57.7 593 46.2 
Frozen EG‡ 1111 53.8 193 39.9 
Vitrified --- --- 50 28.0 
‡Historical data5 
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