
INTRODUCTION

The fertility of dairy cows has been declining world-

wide. High milk production is thought to be negatively 

associated with cow fertility (Lucy, 2001). Milking fre-

quency, artificial insemination (AI) techniques, insemi-

nating bulls, age, and repeat breeder (RB) cows could 

also impair the fertility of cows (García-Ispierto et al, 

2007). Lucy (2001) reported that the number of ser-

vices per conception has increased, making RB cows 

an important subject in the dairy industry. RB cows are 

those which are sub-fertile and without anatomical or 

infectious abnormalities, that do not become pregnant 

after at least 3rd breeding attempts (Dochi et al, 2008). 

They cause economic losses by increasing the costs 

of inseminations and expanding the calving intervals 

(Bonneville-Hébert et al, 2011).

Several measures have been undertaken to improve 

the fertility of cattle. Some researchers have focused 

on endocrine system dysfunction, such as abnormal 

levels of progesterone, estradiol, and luteinizing hor-

mones (Båge et al, 2002). However, their fertility has 

not improved, even though RB cows are treated with 

these hormones (Katagiri and Moriyoshi, 2013). In an-

other study in Sudan, intra-uterine infusion of iodine 

compounds reduced the service per conception in RB 

cows (Omer, 2008). However, this research has not been 

conducted in a clean environment; 93% of the patients 

had bacterial uterine infections. Other researchers have 

used embryo transfer to overcome fertilization failure 
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and early embryo loss in RB cows (Ambrose et al, 1999). 

Fertility rates were significantly increased when em-

bryos were transferred following AI (Dochi et al, 2008). 

Embryo transfer could be a solution to infertility in RB 

cows, but it requires additional costs.

Research has been conducted on the relationship be-

tween serum metabolites and RB cows. RB cows showed 

lower glucose (GLU) levels, but similar total protein (TP) 

and total cholesterol (TC) levels compared with fertile 

cows (Guzel and Tanriverdi, 2014). In another study, el-

evated plasma levels of urea were observed in RB cows 

(Kurykin et al, 2011). In Korea, although there are data 

on the relationships between selected metabolites and 

the resumption of cyclicity in dairy cows, the relation-

ship between serum metabolites and RB has not been 

investigated. Existing research shows that non-esterified 

fatty acids (NEFA) were higher, and TC was lower in 

non-cycling cows than in cycling cows (Jeong et al, 

2015). Moreover, in this study, albumin (ALB), blood 

urea nitrogen (BUN), and magnesium (MG) levels were 

lower, especially in the postpartum period. 

In this study, we investigated the serum biochemical 

profiles of RB cows in Korean Holsteins and the hid-

den factors that are needed for RB cows to become 

pregnant. This would contribute to the improvement of 

dairy cow fertility and the economic income from dairy 

farms.

MATERIALS AND METHODS

Animals

This study was conducted in a loose housing farm lo-

cated in Cheonan, Republic of Korea. Thirty-four non-

milked cows were recruited for this study. The cows 

were fed with carbohydrates and roughage. To prove 

these animals’ reproductive possibilities, cows that had 

calved at least once were used. The cows were insemi-

nated in the same year.

All dairy cows were maintained in standard guideline, 

and the experimental protocol involved in this experi-

ment was approved by the Institutional Animal Care and 

Use Committee (approval number: NIAS20191526).

Blood sampling and analysis

Blood was sampled through the jugular vein by a 

veterinarian on August 4, 2021. All samples were col-

lected in serum-separating tubes and delivered to the 

laboratory at the National Institute of Animal Science 

in Cheonan, Republic of Korea. The serum was sepa-

rated from whole blood by centrifugation at 3,000 rpm 

for 10 min. Biochemical analysis was performed using a 

biochemistry automatic analyzer (Hitachi 7180, Hitachi 

Ltd., Tokyo, Japan). A total of 19 serum parameters were 

analyzed: alanine aminotransferase (ALT), aspartate 

transaminase (AST), alkaline phosphatase (ALP), gam-

ma-Glutamyltransferase (GGT), lactate dehydrogenase 

(LD), creatinine kinase (CK), TP, ALB, globulin (GLOB), 

total bilirubin (TBIL), BUN, creatinine (CRE), GLU, TC, 

triglyceride (TG), NEFA, calcium (CA), MG, and inorganic 

phosphate (IP). GLOB levels were calculated as the dif-

ference between TP and ALB levels.

Case definition and study design

Cows described as having ‘normal cycling’ were able 

to become pregnant within three inseminations, where-

as repeat breeder cows fail to become pregnant fol-

lowing at least three inseminations, despite no clinical 

abnormalities. The cows were divided into three groups: 

(1) pregnant cows with normal cycling (PNC, n=10), (2) 

pregnant cows with repeat breeders (PRB, n=8), and (3) 

non-pregnant cows with repeat breeders (NRB, n=16). 

Pregnancy examination was conducted using ultrasound 

examination from a veterinarian 60 days after AI.

Statistical analyses

Statistical analyses were performed using R software 

(version 4.1.0; R Foundation, Vienna, Austria). This 

software was used to compare the mean levels of each 
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factor for biochemical analysis among the groups. Be-

fore comparison, the Shapiro-Wilk normality test was 

conducted for each factor, of which eight factors did 

not show normality (MG, ALP, AST, AST, TC, GGT, CK, 

IP, NEFA). For these factors, the Kruskal-Wallis H test 

was used to compare the means among the groups. The 

other factors were checked for homogeneity of vari-

ance, and two factors did not show homogeneity (BUN, 

TBIL) for which Welch ANOVA test was used. One-way 

ANOVA test was used for the others. Multiple compari-

sons were performed.

RESULTS

Descriptions for each group

Primiparous cows were not used in this study. All 

cows had experienced calving to validate reproductive 

health, even though the parity was different among the 

groups. The PNC calved more times than PRB and NRB. 

NRB was the oldest group, whereas PRB was the young-

est group. However, the differences in calving time and 

age were not significant. Each group had significantly 

different AI times (Fig. 1). This number was calculated 

as the trying time until pregnancy in the PNC and PRB 

groups; otherwise, it was calculated as the number of 

times the patient had undergone the procedure until the 

day of sampling. The PNC experienced lower AI times 

than the other groups (Table 1).

Serum profiles of each group

To assess the serum enzymes, we analyzed the ALT, 

AST, ALP, GGT, LD, and CK levels. The serum biochem-

istry results indicated significant differences in the level 

of GGT (P=0.01); it was lowest in PNC and highest in 

NRB (Fig. 2). The levels of GGT in all groups were within 

the reference ranges. When applied to multiple com-

parisons, PNC and NRB showed significant differences 

in GGT levels (P=0.01), PNC and PRB (P=0.18), and PRB 

and NRB (P=0.38). On the other hand, other serum en-

Fig. 2. The level of GGT of each group. Box graph shows the 
descriptions of each group. Dots outside of the boxes show the 
outlier. Black dots show the mean of each group.
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Table 1. Descriptions for each group.

Group
PNC PRB NRB Statistical  

method P-value
Number=10 Number= 8 Number= 16

Parity 2.60±1.78 (1∼5) 1.62±0.74 (1∼3) 1.88±1.26 (1∼5) Kruskal 0.49
Age (year) 5.80±0.87 (3∼10) 5.00±0.50 (3∼7) 6.75±0.43 (4∼10) Kruskal 0.11
Times of AI 1.50±0.53 (1∼2) 5.12±1.25 (4∼8) 5.81±2.01 (4∼10) Kruskal <0.001

Data are presented as mean±standard of error of the means (minimum∼maximum).

Fig. 1. Times of AI undergone. In this graph, y axis shows the 
number of cows. PNC cows undergone AI less than 3 times. 
However, PRB and NRB cows undergone AI more than 3 times.



zymes, such as ALT, AST, ALP, LD, and CK, did not show 

any differences among the groups. These levels in all 

groups did not exceed the reference range (Table 2).

To assess the function of organs such as the liver, gall 

bladder, and kidney, we analyzed TP, ALB, GLOB, TBIL, 

BUN, and CREA. There were no significant differences 

between groups. PRB had the lowest level of TP due to 

the lowest level of GLOB. PNC had the lowest level of 

ALB, whereas NRB had the highest level of ALB. The 

mean concentrations of TBIL in PRB and NRB were the 

same and lower than those in the PNC. NRB showed the 

highest levels of BUN, whereas PRB had the lowest level. 

CREA was similar in each group (Table 3).

GLU, TC, TG, and NEFA were analyzed to assess the 

metabolism of GLU and lipids. There were no significant 

differences between groups. GLU was highest in PRB 

but lowest in NRB. TC levels in the PRB were lower than 

those in the PNC and NRB, which were similar. The TG 

levels in each group demonstrated similarity. The mean 

concentration of NEFA in the PNC group was higher 

than that in the PRB and NRB (Table 4).

We analyzed the serum minerals CA, MG, and IP. 

There were no significant differences between groups. 

The concentration of MG was the highest in the PRB 

and the lowest in the PNC. The concentration of CA was 

the highest in the PNC and the lowest in the NRB. The 

concentration of IP was the highest in the PNC and the 

lowest in the NRB (Table 5).
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Table 2. The levels of enzymes in each group

PNC PRB NRB Statistical 
method P-value

GGT 17.70±3.01 (15.49∼19.91) 20.63±3.38 (17.80∼23.45) 23.13±5.88 (19.99∼26.25) Kruskal 0.01
ALT 25.60±6.60 (20.88∼30.32) 23.75±4.65 (19.86∼27.64) 23.44±6.18 (19.15∼25.73) ANOVA 0.44
AST 64.60±9.59 (57.74∼71.46) 59.75±6.88 (54.00∼65.50) 60.88±8.30 (56.45∼65.30) Kruskal 0.59
ALP 158.10±74.82 (104.58∼211.62) 118.25±22.32 (99.59∼136.91) 132.94±36.46 (113.51∼152.37) Kruskal 0.33
LD 1021.70±128.30 (929.92∼1113.48) 1055.63±178.53 (906.37∼1204.88) 1044.38±87.42 (997.79∼1090.96) ANOVA 0.84
CK 138.70±80.36 (81.22∼196.18) 110.63±56.29 (63.56∼157.69) 102.75±26.24 (88.77∼116.73) Kruskal 0.22

Data are presented as mean±standard of error of the means (95% confidence interval lower limit∼upper limit).

Table 3. The levels of serum proteins, TBIL, BUN and CREA

PNC PRB NRB Statistical method P-value

TP 8.19±0.69 (7.7∼8.68) 7.89±0.53 (7.44∼8.33) 8.34±0.43 (8.11∼8.57) ANOVA 0.17
ALB 3.67±0.33 (3.43∼3.91) 3.79±0.28 (3.55∼4.02) 3.83±0.24 (3.70∼3.95) ANOVA 0.39
GLOB 4.52±0.74 (3.99∼5.05) 4.10±0.47 (3.71∼4.49) 4.51±0.59 (4.20∼4.83) ANOVA 0.26
TBIL 0.089±0.038 (0.062∼0.116) 0.070±0.018 (0.055∼0.085) 0.070±0.015 (0.062∼0.078) Welch ANOVA 0.35
BUN 9.24±1.87 (7.90∼10.58) 8.69±1.77 (7.21∼10.16) 9.50±0.87 (9.04∼9.96) Welch ANOVA 0.49
CREA 1.326±0.219 (1.167∼1.483) 1.325±0.224 (1.138∼1.513) 1.346±0.181 (1.250∼1.443) ANOVA 0.96

Data are presented as mean±standard of error of the means (95% confidence interval lower limit∼upper limit).

Table 4. The levels of nutrient metabolites (GLU, TG, TC and NEFA)

PNC PRB NRB Statistical 
method P-value

GLU 35.50±7.93 (29.82∼41.18) 36.25±5.45 (31.70∼40.80) 31.81±7.42 (27.86∼35.77) ANOVA 0.27
TG 23.00±6.91 (18.06∼27.94) 22.38±5.15 (18.07∼26.68) 24.56±7.58 (20.52∼28.60) ANOVA 0.27
TC 96.90±20.40 (82.30∼111.50) 94.13±34.31 (65.44∼122.81) 96.38±14.85 (88.46∼104.29) Kruskal 0.33
NEFA 116.40±78.68 (60.12∼172.68) 85.50±23.34 (65.99∼105.01) 89.38±30.88 (72.92∼105.83) Kruskal 0.56

Data are presented as mean±standard of error of the means (95% confidence interval lower limit∼upper limit).



DISCUSSION

This study was conducted to identify the differences 

in serum biochemical parameters among cows during 

pregnancy or repeat breeding. Our results showed that 

elevated GGT levels were associated with NRB. Elevated 

GGT was shown at calving in cows, which has worse ge-

netic merit for fertility and longer postpartum anestrous 

intervals (Grala et al, 2021). In addition, GGT is associ-

ated with damage to bile ducts and hepatic cells, in-

cluding fasciolosis, ketosis, angiomatosis, and cholesta-

sis (Meissonnier and Rousseau, 1976). From this point of 

view, the liver of NRB could be in load of clearance or 

biliary disorders. NRB showed significantly higher GGT 

levels than PNC, whereas PRB had considerably higher 

GGT levels than PNC. Elevated GGT levels might be one 

of the primary reasons for RB syndrome. This is con-

sistent with a previous study, which indicated that bile 

acid synthesis may be reduced in repeat breeder cows 

due to hepatic abnormalities.

In contrast to GGT, other enzymes have lower sen-

sitivity to liver damage in cattle. The hepatocytes of 

cattle have low ALT levels. AST, LD, and CK activities 

are increased not only by hepatocyte damage but also 

by muscle damage. GGT has better diagnostic sensitivity 

than ALP for biliary disorders in cattle. Thus, there is lit-

tle research on the relationship between these enzymes, 

except for GGT and fertility. The association between 

AST levels and reproduction is controversial. Elevated 

AST activity in the postpartum period is related to de-

layed resumption of cyclicity (Samarütel et al, 2008). 

However, other studies have shown no relationship be-

tween AST and the resumption of cyclicity (Jeong et al, 

2015). One study demonstrated no differences in LD and 

AST between RB and early lactation cows (Kurykin et al, 

2011). In our study, there was no significant relationship 

between ALT, AST, LD, CK, and RB cows.

A previous study in Turkey showed that normal cows 

have similar but lower levels in RB cows (Guzel and 

Tanriverdi, 2014). Comparing PNC with PRB, the level 

of TP corresponds to the previous study. However, NRB 

showed the highest level among the three groups, which 

is not consistent with Guzel’s results. Previous studies 

on other breed cows showed controversy regarding the 

levels of total protein; RB cows showed lower or similar 

levels of TP (Amle et al, 2014; Ahmed et al, 2017). In our 

study, PNC, PRB, and NRB had low levels of ALB. A pre-

vious study reported that lower ALB levels were associ-

ated with lower fertility (Jeong et al, 2015). Our results 

are the opposite of this study. This was due to the study 

design. Considering that there was a difference in ALB 

only postpartum in the previous study, our results are 

understandable. Overall, it is difficult to conclude that 

there is an association between proteins and RB.

Plasma urea levels were higher in RB cows than in 

early lactation cows (Kurykin et al, 2011). Moreover, an 

association between elevated urea levels and decreased 

conception rates have been demonstrated (Butler et al, 

1996; Sinclair et al, 2000; Rajala-Schultz et al, 2001; 

Dawuda et al, 2002). However, the relationship between 

BUN and fertility of Korean Holsteins has been dem-

onstrated differently; BUN was lower, especially in the 

postpartum period in non-cycling cows (Jeong et al, 

2015). In our study, BUN concentration was lowest in 

PRB and highest in NRB. The highest level of NRB could 

be the result of its harmful effect on conception. How-

ever, in the comparison of PNC and PRB, PRB showed a 

lower level than PNC; a different result was shown com-
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Table 5. The levels of serum minerals (CA, MG and IP)

PNC PRB NRB Statistical method P-value

CA 9.66±0.48 (9.32∼10.00) 9.64±0.55 (9.18∼10.10) 9.51±0.29 (9.35∼9.66) ANOVA 0.61
MG 2.19±0.25 (2.01∼2.37) 2.28±0.18 (2.13∼2.42) 2.25±0.18 (2.15∼2.35) Kruskal 0.86
IP 5.24±1.16 (4.41∼6.07) 5.05±1.27 (3.99∼6.11) 4.61±0.98 (4.09∼5.13) Kruskal 0.25

Data are presented as mean±standard of error of the means (95% confidence interval lower limit∼upper limit).



pared with Kurykin et al (2011). This could be the result 

of the case controls; in Kurykin’s research, NRB cows 

were compared with early lactation cows. The present 

study indicated that BUN is not associated with fertility.

Many studies have demonstrated lower GLU in RB 

Holsteins, crossbred cows, and buffaloes (Yadav et al, 

1995; Sabasthin et al, 2012; Guzel and Tanriverdi, 2014; 

Ahmed et al, 2017). In our research, there were no dif-

ferences in GLU levels in each group, but the lowest 

level was observed in NRB. Interestingly, the relation-

ship between GLU and fertility remains controversial. 

Plasma glucose concentrations were higher in cows 

with a longer calving to conception interval (>150 days) 

compared to those with shorter calving periods (Bicalho 

et al, 2017). However, in other studies, these concentra-

tions were higher during the early postpartum period in 

cows that became pregnant at first insemination than 

those that failed (Garverick et al, 2013). This follows the 

result of the latter. The GLU levels in the PNC and PRB 

groups were similar, but those in the NRB group were 

lower than those in the other groups. This might be a 

lesser function of the liver. Considering the results of 

GGT, lower concentrations of GLU in the NRB group 

could be the secondary result of impaired gluconeogen-

esis in the liver. 

There is no relationship between TC and RB syn-

drome, which has already been investigated by some 

researchers (Guzel and Tanriverdi, 2014; Funeshima et 

al, 2021). Our results are consistent with those of previ-

ous studies. Thus, we founda similar result for domestic 

Holsteins. However, there is interesting research show-

ing different results with others. In the native Korean 

Hanwoo breed; the level of TC in RB (126.78±5.66 mg/dL) 

almost double than that of reference range (61.68∼

68.72 mg/dL) (Yang et al, 1999). This difference could be 

due to differences in breed or study design. In Hanwoo 

research, blood was collected from a slaughterhouse, 

and live RB cows were not compared with NC cows. 

Moreover, the pregnancy and reproductive cycles of the 

animals were not controlled, and the breeding condi-

tions were diverse. Research on the relationship be-

tween TC and fertility in Holsteins, however, is different 

from that of TC and RB syndromes. TC was positively 

associated with the expression of estrus at first ovula-

tion, interval from calving to conception, and likelihood 

of conception and pregnancy (Westwood et al, 2002).

Several previous studies have reported that NEFA 

levels are associated with cattle fertility, and cows with 

fertility problems show high levels of NEFA (Dubuc et al, 

2012; Garverick et al, 2013; Jeong et al, 2015). However, 

in our study, NEFA was not associated with fertility in 

cows. The PNC group showed wide variations in NEFA 

levels. This is because this study was conducted in the 

summer. Heat stress is associated with NEFA (Shehab-

El-Deen et al, 2010). Heat stress may outweigh preg-

nancy. Cows susceptible to heat stress might show high 

levels of NEFA, regardless of pregnancy.

The limitation of the current study is that we could 

not categorize cows by the gestation period. In addition, 

if we had four groups (pregnant +RB, pregnant +NC, 

non-pregnant +RB, and non-pregnant +NC), we could 

compare the differences among groups. However, we 

established three groups, one NC and two RB groups, 

and we could not define the fourth group (non-pregnant 

+NC) in this study due to the age and parity of the cows. 

Moreover, we depended on natural observations during 

the estrous period, rather than synchronizing the repro-

duction cycle among the animals. However, to the best 

of our knowledge, this is the first field study to investi-

gate serum biochemical parameters during pregnancy 

or repeat breeding. Our findings could help increase the 

fertility of dairy cows.
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