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ABSTRACT

The present research was carried out to evaluate the possibility of increasing female offspring production ratios 
using artificial insemination buffer (AIB) before artificial insemination (AI). In this experiment, we optimized AIB 
composition, made an AIB gun and analyze factors affecting AI non-return rate after AIB treatment. The AIB was 
made with the base of Tris-buffer supplemented with L-arginine and several other chemicals that might reduce the 
motility of male sperm compared to the female counterpart, therefore, increasing the possibility of fertilization by 
female sperm. AIB must be deposited into 2nd to 4th cervix by AIB gun. After 15 min of AIB deposition, frozen semen 
was deposited into the same place. A total of 348 cattle were inseminated with AIB insemination, and there were 
no significant differences between AIB and traditional AI non-return rates (56.8% vs. 55.7%). The AI non-return rate 
in AIB group, however, differed significantly among 7 Hanwoo farms. The parturition numbers (1st to 7th) of cows 
did not affect AIB AI rate. The proportion of AIB AI success rates was significantly higher in Hanwoo cows than 
in dairy cows (61.0% vs. 48.7%), but the average AI success rate did not differ significantly between AIB and 
conventional AI (56.8% vs. 55.7%). The female offspring production rate in 2nd to 4th cervix deposition place was 
significantly higher than that in the uterus body (77.7% vs. 59.6%, p<0.05). The injection volume of AIB in 5 and 
10 ml was significantly higher than that in 2 ml (77.7%, 78.7% vs. 51.8%, p<0.05), but there were no differences 
in AIB injection volume between 5 and 10 ml. The best exposure time of AIB in the cervix was 10 to 15 min rather 
than 5 min (79.2%, 77.2% vs. 52.6%, p<0.05). AIB therefore needs to have an exposure time of at least over 10 
min for a higher production rate of female offspring. In conclusion, AIB could be used in AI industry to increase 
the female offspring ratio and AIB AI can increase the AI success rate.
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INTRODUCTION

The domestic livestock industry meets a big crisis from 
Free Trade Agreement (FTA) with USA and several more coun-
tries. Moreover, outbreak of Foot and Mouth Disease (FMD) 
sharply dropped total dairy cattle numbers last year. Therefore, 
the milk supply is not enough and milk producing farm ow-

ners announced to increase their milk price. To overcome this 
situation, number of high yielding dairy cows population should 
be increased for increasing milk production of the country. 
Although farmers and government want to do it, it is not so 
easy to overcome this situation as soon. 

To produce and increase the female offspring ratio, a lot of 
research was conducted in several technologies as karyotyping 
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of sex chromosome (King, 1984; Iwaskai and Nakahara, 1990; 
Sohn et al., 1996), H-Y antigen (Williams, 1986; Utsumi et 
al., 1989; Park et al., 1996; Yu et al., 1999), differences in 
embryo development speed (Williams, 1986; Avery et al., 1989; 
Itagaki et al., 1995), X-linked enzymes for metabolism di-
fference of male and female embryo (Lee et al., 1987), PCR 
of Y-specific DNA (Agrawala et al., 1992; Kudo et al., 1993; 
Bredbacka et al., 1995; Itagaki et al., 1996), and PCR of 
biopsy (Kim et al., 2000, 2003). Recently, flowcytometer me-
thod can separate XX and XY sperm for using in AI system 
(Johnson, 1991; Gran et al., 1993; Abeydeera et al., 1998; 
Tubman et al., 2004; Wheelera et al., 2006; Cerchiaroa et al., 
2007). However, the use of sexed semen which is separated 
by flocytrometic separation method is limited by several fac-
tors including low sperm separation efficiency (about 10% of 
total sperm), high cost and low pregnancy rate. Therefore, a 
method for production of calf with desired sex that will help 
fertilization of ovum by female sperm as well as minimize 
operation costs and easiness in application at field level is 
important for increasing female dairy cattle population.    

This study was carried out to determine the possibility of 
application of artificial insemination buffer (AIB) in AI indu-
stry that is optimize the AIB composition, development of 
AIB gun and pregnancy rate and increase of female offspring 
ratio with AIB using. 

MATERIALS AND METHODS

1. Experimental Design
This experiment was carried out in 7 Hanwoo farms, Nam-

hae livestock cooperation from September 1, 2009 to October 
30,, 2011. For this experiment total 348 Hanwoo cows from 7 
farms were used for AI and AI with AIB, and 5 artificial inse-
minaters were participated at the beginning of this experiment, 
but only one person conducted to final point. 

 
2. Optimization and Making of AIB 
AIB was consisted of Tris-buffer supplemented with L-Ar-

ginine and several more factors those are affecting viability of 
sperm. The AIB regulates sperm motility by changing the 
condition in the uterus cervix which might affect motility of 
male sperm. After preparation, the AIB was allocated into 2 
ml, 5 ml or 10 ml volume in 10 ml tube and stored at 70℃
deep freezer until use as shown in Fig. 1. 

AIB package and storage

AIB making

Fig. 1. Procedure of AIB making and storage in lab.

3. Making of AIB Gun for Deposing of AIB into Cervix
AIB gun was designed and developed in our laboratory for 

deposition of the AIB into the 2nd to 4th cervix of uterus (Fig. 
2). It was made with stainless steel tube and can control through 
vagina and uterus cervix without any problems. AIB gun have 
to use AI sheath together by fixation of AI sheath inner the 
AIB gun. It also have a hole on the AIB gun to control the 
AI sheath without any contamination of top of AI sheath and 
confirm the filling of AIB solution. 

4. Optimization of Artificial Insemination with AIB into Uterus Cervix 
Before use the AIB was thawed at 30℃ water bath or by 

keeping in the pocket for approximately 10 min. After thawing, 

Fig. 2. Diagram and photograph of AIB gun and its assembly.
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AIB solution was loaded into AI sheath that was set up with 
a 5 ml syringe in the AIB gun and the inserted it into uterus 
cervix through vagina. Before loading the AIB solution, about 
1 ml air was be loaded into the AI sheath so that all AIB 
solution was expelled into the cervix without any residues in 
the AI sheath. The AIB deposition site was compared between 
2nd to 4th cervix of uterus and intra uterus, AIB volume of 2, 
5, 10 ml, and exposure times for 5, 10 and 15 min. AI was 
carried out with conventional AI method that is post-thaw 
semen was deposited into the same place of uterus cervix or 
inner uterus as shown in Fig. 3. All of the recipient cattle have 
been experienced with 1st to 7th parturition and so worked in 
various parturition conditions. 

5. Recipient Selection for AIB Insemination
All of recipients were selected in 7 farms of Hanwoo, Namhae 

Livestock Cooperation. Most of recipients were replacement 
heifer, and cows at first and second parities with fews in higher 
parities (> 3 to 7). Body conditions of cows in this study were 
not different between AIB-AI and conventional AI groups, be-
cause they did not selected in both groups. 

6. Analysis of Female Offspring
All offspring born during the experimental period were re-

corded for sex to determine the sex ratio of female and male 
offspring. We did not recorded birth weight of calves due to 
unavailability of weighing balance at farmers’ homes. 

7. Statistical Analysis
An analysis of variance (ANOVA) was performed using 

SAS (Statistical Analysis Program, 2002) and significant value

Fig. 3. Procedure of AIB deposition into the cervix and conven-
tional AI in cow.

was analysis by Duncan new multiple range test. A p value of 
less than 0.05 was considered statistically significant. 

RESULTS AND DISCUSSIONS

1. Effect of AIB Use on the Non-Return Rate of AI
The effect of AIB AI on non-return rate was compared with 

conventional AI to evaluate whether AIB AI negatively affect 
non return rates, because, low non return rate will limit its 
application in the AI industry. As shown in Table 1, total 348 
dairy cows were inseminated with AIB or without AIB. Re-
sults showed that AIB did not affect non-return rate of AI 
(52.1% in AIB AI vs. 50.6% in conventional AI). However, 
the success rate of AI with AIB and without AIB in farm C 
was significantly higher than those in other farms (p<0.05). 
This mean that AIB does not affect non-return rate of AI and 
AIB could be applied in the AI industry. 

This study also evaluated the effect of parity number of cows 
on AI non return rate followed by administration of AIB and 
without AIB. To analysis non-return rate of AI according to 
parity number, total 348 dairy cows from maiden to 7th parities 
were inseminated with AIB and without AIB. Non-return rate 
did not differ between with and without AIB groups (52.1% 
vs. 50.6%). However, AIB AI non return rates were lower in 
3rd and 4th parities within AIB group. This variation in non- 
return rates within AIB AI group might be affected by body 

Table 1. Comparison of AI rate using AIB with traditional AI accor-
ding to farms

Farms
No. of 
cattle

No. of AI
(Average AI 

no./cattle)

Non-return rate of AI (%)

With AIB Without AIB

A  45  81 (1.8) 55.6b 55.4b

B  36  67 (1.9) 53.7b 50.7b

C  38  51 (1.3) 74.5a 83.3a

D  66 126 (1.9) 52.4b 45.0b,c

E  56 108 (1.9) 51.9b 53.9b

F  66 124 (1.9) 53.2b 44.4b,c

G  41 111 (2.7) 36.9c 51.2b

Total 348 668 (1.9) 52.1 50.6

* Values with different superscript in the same column were 
denoted significantly different (p<0.05).
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Table 2. Effect of parities numbers on the non-return rate of AI 
with AIB

Parities
No. of 
cattle

No.
AI

Non-return rate of AI (%)

With AIB Without AIB

Maiden cow  53  79 67.1a 66.7

1st
 111 221 50.2b 51.7

2nd  99 193 51.3b 48.4

3rd  33  75 44.0c 48.1

4th  24  51 48.0b,c 48.0

5th  15  28 53.6a,b 45.9

6th   9  15 60.0a 100

7th   4   6 66.7a 50.0

Total 348 668 52.1 50.6

* Values with different superscript were denoted significantly 
different (p<0.05).

condition of recipient cow instead of parity number. Although 
AIB could not affect the non-return rate of AI, AIB could be 
applied in the AI industry for obtaining higher female off-spring.

2. Determination of Deposition Place of AIB
In conventional AI system, the semen is generally deposited 

into the uterine body or cervix, but AIB must be deposited in 
the 2nd to 4th cervix of uterus instead of uterine body. To 
determine which place is better to deposit the AIB, AIB was 
deposited into the 2nd to 4th cervix of uterus and uterus body 
as shown in Fig. 3 and Fig. 4. To setting of AIB gun, AI 
sheath have to insert in the AIB gun and then connected with 
a 5 ml syringe and AIB was loaded into the AI sheath by 
pulling the syringe. AIB was deposited as semen deposited by 
conventional AI method except AIB solution was deposited 
into the 2nd to 4th cervix of uterus or uterine body. After 15 
min of AIB deposition, AI was conducted with conventional

Fig. 4. Setting of AIB gun and procedure of AIB into the 2nd to 
4th cervix of uterus.

 AI techniques, except of deposition place either the 2nd to 4th 
cervix of uterus or uterine body. 

Female offspring was produced significantly higher in 2nd to 
4th cervix than that in uterine body (77.7%, 115/148 vs. 59.6%, 
31/52, p<0.05). Although the number of uterine body group 
was not enough, the trend of female offspring production was 
much higher in 2nd to 4th cervix AIB deposition group than 
that in uterine body group. It mean that AIB must be de-
posited into the 2nd to 4th cervix of uterus, not in the uterine 
body and also deposited the semen in same place, just cervix 
instead of uterine body. AIB can be changed the condition of 
cervix to reduce the viability of male spermatozoa and then 
increase the female viability, which could affect the fertiliza-
tion of oocyte with female spermatozoa. AIB gun need to AIB 
deposition in the cervix of uterus exactly, because AI sheath 
is too weak and flexible to control it without any guide as AIB 
gun. When AI sheath use for AIB deposition, AI with AIB 
was failed to do it, because of broken the AI sheath or could 
not control AI sheath by myself. Taking all together the pre-
sent study concluded that AIB should be deposited in the 2nd 
to 4th cervix of uterus and semen should also be deposited in 
the same place for desired female sex ratios.

3. Optimization of Deposition Volume of AIB
To optimize AIB deposition volume 2, 5, and 10 ml AIB 

solution were deposited into the 2nd to 4th cervix of uterus. 
Female offspring ratio was significantly higher in 5 and 10 ml 
AIB volume than that in 2 ml AIB deposition (Table 4). Two 
ml volume AIB was not enough to spread out into the uterine 
cervix, but 5 and 10 ml AIB volume were enough to expose 
the AIB on the cervix. It means that 5 to 10 ml of AIB 
volume is better than that of 2 ml AIB volume. Moreover, 
considering cost of AIB, 5 ml is much cheaper than 10 ml. 

Table 3. Effect of deposit place on the sex ratio of offspring after 
AI with AIB

Deposition
place

No. of offspring (%)

Female Male Total

2nd to 4th cervix 115 (77.7)a 33 (22.3) 148

Uterus body  31 (59.6)b 21 (40.4) 52

Total 146 (73.0) 54 (27.0) 200

*Values with different superscripts were significantly different 
(p<0.05).
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Table 4. Effect of deposition volume of AIB on the sex ratio of 
offspring

AIB volume
(ml)

No. of offspring (%)

Female Male Total

2 14 (51.8)b 13 (48.2)a  27

5 42 (77.7)a 12 (22.3)b  54

10 23 (76.7)a  7 (23.3)b  30

Total 79 (71.2) 32 (28.8) 111

*Values with different superscripts were significantly diffe-
rent (p<0.05).

This study concluded that deposition of 5 ml AIB will 
increase female calf ratios. 

4. Optimization of Exposure Time of AIB
To determine the best exposure time of AIB in the cervix, 

AI was conducted after 5, 10 and 15 min of AIB exposure 
time. AIB was deposited into uterus cervix with 5, 10 and 15 
min before conventional AI. As shown in Table 5, female off-
spring rate in 10 and 15 min exposure time were significantly 
better than that in 5 min (79.2%, 77.2% vs. 63.2%, p<0.05). 
Therefore, a 10 minute exposure time was enough to change 
the cervix condition. This means that AI must be conducted 
after 10 min of AIB deposition because a 10 minute exposure 
time will change the condition of cervix. If exposure time was 
less than 10 minutes, the female offspring ratio decreased 
significantly compared to that of 10 or 15 min exposure time.

AI with AIB can increase the female offspring ratio following 
the exact procedure asdescribed previously with an AIB vo-
lume of over 5 ml; and exposure time of at least 10 min. As 
shown in Fig. 5, the AI with AIB system produced lots of 

Table 5. Effect of exposure time on the sex ratio of offspring

Exposure time 
(min)

No. of offspring (%)

Female Male Total

5 10 (52.6)b  9 (47.4) 19

10 38 (79.2)a 10 (20.8) 48

15 17 (77.2)a  5 (22.8) 22

Total 65 (73.0) 24 (27.0) 89

*Values with different superscripts were significantly diffe-
rent (p<0.05).

Fig. 5. Production of female offspring using AIB.

female offspring. This system can be applied in the breeding 
system to produce the highest quality female Hanwoo cows. 
AIB is a new female offspring production technology that can 
be applied in the elite female cow system. However, many fe-
male dairy cows must also be produced to overcome the insu-
fficient milk production and bring down the price dairy pro-
ducts. AIB can also be applied to the dairy cow industry since 
it can produce approximately 80% female offspring in com-
bination with conventional AI system. 
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