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Abstract 

Background:  This study was to investigate the utilization and reproductive performance of gilts in large-scale pig 
farms. Data of this descriptive study included 169,013 gilts of 1540 gilts’ batches on 105 large-scale pig farms from 
April 2020 to March 2021. According to the upper and lower 25th percentiles of piglets weaned per sow per year 
(PSY) during the research stage, pig farms were divided into three productivity groups: high-performing (HP), inter-
mediate-performing (IP) and low-performing (LP) farms. On the basis of breeds, LP (LP-Total) farms was further divided 
into LP-breeding pig (LP-BP) and LP-commercial pig (LP-CP) groups. Average utilization, estrus and first mating data 
was collected from a total of 1540 gilts’ batches. The age-related factors (introduction age, age at first estrus and age 
at first mating) and litter production (total number of piglets, number of piglets born alive and number of weaned 
piglets, as well as their proportion distribution) among HP and LP groups were compared. The litter production in dif-
ferent age groups were also analyzed.

Results:  The introduction age, mortality and culling rate of HP farms were lower compared with LP farms. Total 
number of piglets per litter, number of piglets born alive per litter and number of weaned piglets per litter in HP farms 
were significantly more than those of LP groups, respectively. The proportion distribution peaks of litter production in 
HP farms were shifted about two more than those in LP groups, respectively; and the proportion of low litter produc-
tion (eight per litter or less) was lower than that in LP groups. The results of different age groups showed that total 
number of piglets per litter and number of piglets born alive per litter in 220–279 d were the most, while that of 370 d 
was the least.

Conclusions:  The overall utilization and reproductive performance of gilts in HP farms was better than those of LP 
farms. The difference in utilization was reflected in introduction source, culling rate and mortality. While the age at first 
estrus and first mating, breeds and litter production were the main differences for reproductive performance.
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Background
Gilts are the basis for maintaining fertility in large-scale 
pig farms, which is the largest category in the breeding 
herd, accounting for 18–20% [1]. When sows are culled 
from the pig herd due to high parities or low reproduc-
tive performance, gilts must be introduced to ensure the 
reasonable parity structure of the sows in the pig farm 
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and the stability of production objectives. Well-raised 
gilts are expected to have a good mating rate, farrowing 
rate and litter production, even the lifetime performance 
and longevity [2–4].

Piglets weaned per sow per year (PSY) can be used as 
a benchmark to evaluate productivity and reproductive 
performance of sows, which varies in different countries 
[5]. Denmark has an average PSY about 30.9 [6], while 
in North America is 25.3 [7]. Incredibly, China, as the 
world’s largest consumer and producer of pork, has an 
average PSY of only about 20 [8, 9]. The productivity of 
pig farms in various country can also be divided into high 
and low levels. A study of high-performing (HP) farms 
in the United States showed that compared with ordi-
nary farms, their farrowing rate was 9.0% higher, with 0.6 
more piglets born alive per litter [10]. The high produc-
tivity of HP farms is mainly due to better development 
of gilts, better breeding management, more advanced 
productive technology and better piglets care during lac-
tation [11]. Obviously, there are differences between pig 
farms of different production levels, but no research have 
been found on HP and low performance (LP) of Chinese 
pig farms.

Since the gilts are still in the growth stage, their physi-
cal development and reproductive performance are dif-
ferent from that of the sows [7, 12, 13]. To the best of our 
knowledge, the utilization and reproductive performance 
of gilts have not been entirely evaluated. Therefore, this 
study classified the whole surveyed pig farms into three 
productivity groups by PSY for a period of time (one year, 
from April 2020 to March 2021), and analyzed the pro-
duction and reproductive performance of gilts’ batches 
and individual gilts, in order to provide a database for the 
production and management managers, so as to formu-
late more tailored policies.

Methods
Farm description
All pig farms studied (n = 105) were from 1274 pig farms 
of the same domestic large-scale breeding company in 
China that fulfilled the following inclusion criteria, which 
were (1) being continuous and stable production for 
more than half a year (no major business strategy adjust-
ment or extensive disease epidemic (especially African 
swine fever)), (2) having a population of 1,000 or more 
productive sows, (3) using the internal data manage-
ment system of the company. All of these farms applied 
automatic feeding system (The feed was transferred from 
galvanized sheet silo to stainless steel feeders (gilts) or 
DL6 feed doser (sows) through auger feed line controlled 
by feed line controller.) and mechanical ventilation sys-
tem (climate controller for controlling fans of different 
sizes). At different growth stages, pigs were fed with the 

corresponding formula of standardized feed (According 
to the reference feeding amount, gilts and sows were fed 
the corresponding 12 kinds of feeds in the stages of nurs-
ery, growth, fattening, pregnancy and lactation) provided 
by the company’s internal feed factory. All farms used 
artificial insemination to mate gilts and sows, and 2-3 
inseminations was carried out in each estrus cycle. The 
average stock of sows was 2660 ± 69.4, while the gilts’ 
stock was 324 ± 24.9. The average PSY was 19.9 ± 0.4.

Categories and definitions
According to the upper and lower 25th percentiles of 
PSY (PSY = Number of weaned piglets/Days during the 
research stage * 365.25/Average number of sows) ranking 
by the internal data management system, pig farms were 
divided into three productivity groups: HP farms (PSY 
> 23.5), intermediate-performing (IP) farms (PSY 16.1-
23.5), and LP farms (PSY < 16.1). LP farms were further 
divided into three groups by breeds: LP-Total (including 
pure, two-way crossbred and three-way crossbred), LP-
breeding pig (LP-BP) groups (including pure and two-
way crossbred) and LP-commerical pig (LP-CP) groups 
(only three-way crossbred). As there were no commercial 
pigs in HP farms, HP farms were not further classified.

Utilization of gilts was defined as the successful con-
ception and entering the breeding cycle since the intro-
duction. The non-productive days (NPDs) referred to 
other days except the production days, including mating 
to pregnancy loss, pregnancy loss to return-service, preg-
nancy loss to present/departure, weaning-mating, wean-
ing to present/departure. Research stage was defined as 
the stage from April 2020 to March 2021. Other defini-
tions were shown in Tables 1, 2 and 3.

Data collection, study design and exclusion criteria
The production data were uploaded to the internal data 
management system by each pig farm. All data belonged 
to the company. The researchers were authorized by the 
company’s production management department and 
digital technology department to obtain the production 
data in this study. This study was a descriptive study that 
analyzed a total of 169,013 gilts of 1,540 gilts’ batches in 
105 large-scale (more than 1,000 sows) pig farms from 
April 2020 to March 2021. The data analysis of this study 
was divided into two levels: The utilization and reproduc-
tive data of gilts’ batches in different production levels 
was considered as batch level. The age related factors of 
gilts and litter production in different productive levels 
were measured as individual level. In order to observe the 
influence of breeds on age-related factors and litter pro-
duction, the differences among HP, LP-Total, LP-BP and 
LP-CP farms were compared. The data of gilts’ batches 
was complete, without any removal. For gilts used to 
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compare HP and LP farms, records were excluded if they 
met any of the following exclusion criteria: Total number 
of piglets per litter was zero (687 gilts); Number of piglets 

born alive per litter and number of weaned piglets per lit-
ter were more than 14 (If these two indexes were ≥15, it 
exceeded the number of 14 effective nipples of sows (the 

Table 1  Average utilization of 169,013 gilts in 1540 gilts’ batches

1 Self-breeding: Gilts were bred and fed by pig farms themselves
2 Internal introduction: Gilts were provided by other pig farms of the internal company
3 External introduction: Gilts were provided by the pig farms of the external company
4 Mortality of gilts = Deaths from introduction to pre-mating/Introduction number of gilts
5 Total mortality: Mortality during the research stage, regardless of the production phase (pre-mating, mating, conception, farrowing or feeding) of gilts. Total 
mortality = Deaths during the research stage/Introduction number of gilts
6 Culling rate of gilts = Number of culling gilts from introduction to pre-mating/Introduction number of gilts. The reasons for culling mainly included abnormal estrus, 
disease or physiological defects
7 Total culling rate: Culling rate during the research stage, regardless of the production phase (pre-mating, mating, conception, farrowing or feeding) of gilts. Total 
culling rate = Number of culling gilts during the research stage/Introduction number of gilts
a,b,c Bars with different letters differ significantly (P < 0.05)

High-performing pig 
farms (n = 26)

Intermediate-performing pig 
farms (n = 53)

Low-performing 
pig farms (n = 
26)

Mean ± SEM Mean ± SEM Mean ± SEM

Number Gilts’ batches 235 948 357

Source Self-breeding1 73.0% ± 8.2%ab 80.8% ± 4.3%a 54.6% ± 6.7%b

Internal introduction2 23.8% ±  ± 7.8% 13.2% ± 3.3% 27.4% ± 6.2%

External introduction3 3.2% ± 1.9%a 6.0% ± 2.4%a 18.0% ± 6.2%b

Introduction Average introduction number of gilts 121 ± 6.94 83 ± 5.89 174 ± 16.21

Average introduction age 202 ± 3.76a 237 ± 1.73b 224 ± 2.56c

Mortality Mortality of gilts4 1.8% ± 0.2%a 1.7% ± 0.2%a 6.6% ± 1.0%b

Total mortality5 5.6% ± 0.5%a 15.4% ± 0.9%b 19.1% ± 1.4%c

Culling Culling rate of gilts6 9.4% ± 1.4%a 10.5% ± 0.8%a 14.9% ± 1.4%b

Total culling rate7 25.9% ± 2.0%a 32.8% ± 1.1%b 40.4% ± 1.8%c

Table 2  Average estrus information of 100,811 estrus out of 112,157 gilts in 1540 gilts’ batches

1 Total number of estrus: The total number of gilts with estrus from introduction to pre-mating
2 Proportion of first estrus: Average proportion of gilts with once estrus in all estrus gilts of each gilts’ batch
3 Proportion of second estrus: Average proportion of gilts with twice estrus in all estrus gilts of each gilts’ batch
4 Proportion of third or more estrus: Average proportion of gilts with three times or more estrus in all estrus gilts of each gilts’ batch
5 Total estrus rate = Number of gilts in estrus/Total number of estrus
6 Average times of estrus: Average estrus times of gilts before mating in each gilts’ batch
7 Average age of first estrus: Average age of first estrus age before mating in each gilts’ batch
a,b  Bars with different letters differ significantly (P < 0.05)

High-performing pig farms (n 
= 26)

Intermediate-performing pig farms 
(n = 53)

Low-performing 
pig farms (n = 
26)

Mean ± SEM Mean ± SEM Mean ± SEM

Number of gilts’ batches 235 948 357

Total number of estrus1 21,198 44,917 34,696

Proportion of first estrus2 62.4%a 92.7%b 91.7%b

Proportion of second estrus3 21.0%a 5.1%b 4.7%b

Proportion of third or more estrus4 16.6%a 2.2%b 4.6%b

Total estrus rate5 77.2% ± 2.2%a 78.1% ± 1.2%a 66.3% ± 2.1%b

Average times of estrus6 1.2 ± 0.05a 0.9 ± 0.01b 0.9 ± 0.03b

Average age of first estrus7 209 ± 5.79a 224 ± 3.18b 213 ± 5.32b
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maximum), the surplus piglets were fostered to other 
sows with less litter size, resulting in the weaning number 
of the litter inconsistent with the actual size; or the data 
was incorrectly entered.) (546 gilts) and other incomplete 
data (865 gilts). Thus, 35,847 out of 37,045 gilts were used 
for individual level studies.

Statistical analysis
Descriptive statistics were conducted using WPS Office 
Excel for Mac version 3.3.0 (Kingsoft Office Corporation, 
Beijing, China). The influence of breeds on age-related 
factors and litter production, and the litter production of 
gilts with different first mating days were analyzed using 
Graphpad Prism 7.0 (Graphpad Software, inc.San Diego, 
CA, USA). Tukey’s multiple comparisons test of Ordinary 
one-way ANOVA was used to study the average utiliza-
tion, estrus and first mating data of gilts’ batches among 
HP, IP and LP farms. The same method was used for lit-
ter production of HP, LP-Total, LP-BP and LP-CP farms. 
Normal distribution test of litter production at differ-
ent first mating days of gilts were performed by SPSS 

Statistics software 22.0.0 (IBM Corp. Released 2013. IBM 
SPSS Statistics for Mac, Version 22.0. Armonk, NY). P < 
0.05 showed significant difference.

Results
A total of 169,013 gilts of 1540 gilts’ batches of 105 large-
scale pig farms were analyzed. The source, introduction, 
mortality and culling of gilts’ batches differed in HP, IP 
and LP farms (Table  1). The gilts of HP and IP farms 
were mainly from intra-company farms, most of them 
were self-sufficient, and less than 10% were from exter-
nal sources. Nearly 1/5 of gilts in LP farms came from 
outside the company. The average introduction age of 
HP farms was the youngest among the three categories 
of farms. HP farms had the lowest mortality of gilts, 
total mortality, culling rate of gilts and total culling rate, 
although mortality of gilts and culling rate of gilts were 
not statistically different from IP farms.

The average estrus of 112,157 gilts of 1,540 gilts’ 
batches in different production levels showed statisti-
cal differences (Table  2). The proportion of first estrus 

Table 3  Average first mating information of 97,998 mating out of 112,157 gilts in 1540 gilts’ batches

1 Mating rate at first estrus = Number of mating at first estrus/Total number of mating
2 Mating rate at second or more estrus = Number of mating at second or more estrus/Total number of mating
3 Mating rate under 135 kg = Number of mating at weight under 135 kg/Total number of mating
4 Mating rate between 135 and 145 kg = Number of mating at weight between 135 and 145 kg/Total number of mating
5 Mating rate above 145 kg = Number of mating at weight above 145 kg/Total number of mating
6 Mating rate under 210 d = Number of mating at age under 210 days/Total number of mating
7 Mating rate between 210  and 240 d = Number of mating at age between 210  and 240 d/Total number of mating
8 Mating rate above 240 d = Number of mating at age above 240 d/Total number of mating
9 Total average mating rate = Total number of mating/Total number of introduction
10 Average times of estrus at first mating: Average times of estrus at first mating in each gilts’ batch
11 Average age at first mating: Average age of gilts at first mating in each gilts’ batch
a,b,c Bars with different letters differ significantly (P < 0.05)

High-performing pig farms (n 
= 26)

Intermediate-performing pig farms 
(n = 53)

Low-performing 
pig farms (n = 
26)

Mean ± SEM Mean ± SEM Mean ± SEM

Number of gilts’ batches 235 948 357

Total number of mating 19,819 43,867 34,312

Mating rate at first estrus1 54.9% ± 2.6%a 74.6% ± 1.2%b 63.9% ± 2.1%c

Mating rate at second or more estrus2 18.4% ± 1.9%a 2.6% ± 0.4%b 1.9% ± 0.5%b

Mating rate under 135 kg3 12.8% ± 1.7%a 20.0% ± 1.2%b 7.3% ± 1.2%ac

Mating rate between 135 and 145 kg4 47.9% ± 2.5% 50.6% ± 1.5% 50.5% ± 2.2%

Mating rate above 145 kg5 12.6% ± 1.6%a 6.6% ± 0.7%b 7.9% ± 1.3%b

Mating rate under 210 d6 7.2% ± 1.2%a 8.9% ± 0.8%a 13.6% ± 1.6%b

Mating rate between 210  and 240 d7 24.6% ± 1.9% 23.5% ± 1.2% 23.3% ± 2.0%

Mating rate above 240 d8 41.5% ± 2.3%a 44.8% ± 1.4%a 28.9% ± 1.9%b

Total average mating rate9 73.3% ± 2.2%a 77.2% ± 1.2%a 65.8% ± 2.1%b

Average times of estrus at first mating 10 2.4 ± 0.96a 0.9 ± 0.03b 1.2 ± 0.26b

Average age at first mating11 216 ± 5.99a 224 ± 3.21b 213 ± 5.33ab
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of HP farms was significantly lower than that of IP and 
LP farms, but the proportion of more than second estrus 
was much higher. The total estrus rate of HP and IP farms 
was 77–78%,which was significantly higher than that of 
LP farms. Compared with IP and LP farms, HP farms had 
more average times of estrus and younger average age of 
first estrus.

The first mating information of 112,157 gilts of 1,540 
gilts’ batches in different production levels were shown in 
Table 3. Compared with IP and LP farms, HP farms had 
lower mating rate at first estrous, but higher mating rate 
at second or more estrous. For mating weight, there were 
no differences between 135 and 145 kg, but mating rate 
under 135  kg in IP farms was significantly higher than 
that of HP and LP farms. By contrast, HP farms showed 
higher mating rate when the mating weight was above 
145 kg. For mating age, compared with HP and LP farms, 
LP farms had higher mating rate under 210 d, lower 
above 240 d, and the total average mating rate was also 
lower. Compared with IP and LP farms, the average times 
of estrus at first mating in HP farms had a 1.2-1.5 times 
more. IP farms had the older average age at first mating.

Table  4 showed the difference among HP, LP-Total, 
LP-BP and LP-CP groups. LP-CP groups had the unique 
breed (three-way crossbred pigs) among all groups. 
LP-CP groups had older introduction age and older age 
at first estrus than other groups. Although age at first 
mating in HP farms and LP-Total groups differed sig-
nificantly,  there was no significant difference between 
LP-CP groups and HP farms.

For litter production, total number of piglets per lit-
ter, number of piglet born alive per litter and number of 
weaned piglet per litter in HP farms were significantly 
higher than those of LP groups, respectively (Table 4). As 
shown in Fig. 1, the proportion distribution peaks of lit-
ter production in HP farms were shifted about two more 
than those in LP groups, respectively; and the proportion 

of low litter production (eight per litter or less) was lower 
than that in LP groups.

Table 5 showed the litter production of gilts with differ-
ent first mating days. The data of total number of piglets 
born and number of piglets born alive at different first 
mating days of gilts were close to normal distribution. 
The Skewness were -0.619 and -0.794, respectively. The 
Kurtosis were -0.739 and -0.361, respectively. The total 
number of piglets born per litter and number of piglets 
born alive in 250-279 d and 340-369 d was the most, fol-
lowed by 220-249 d. While the age above 370 d was the 
least under these two litter production parameters. The 
differences of number of weaned piglets were only seen 
in 190-219 d and 280-309 d, and no significant difference 
was found among other days.

Discussion
This study clearly presented the multiple effects of pig 
farms with different production levels on the utilization 
and reproductive performance of gilts through statisti-
cal analysis of large amounts of data. The effects of uti-
lization were mainly reflected in source, culling rate and 
mortality. While the age at first estrus, age at first mat-
ing, breeds and litter production were the main factors 
for reproductive performance. Among them, the nega-
tive effects of breeds (three-way crossbred) on concep-
tion rate, farrowing rate and litter production can not be 
ignored.

In our study, more than 90% of the gilts in HP pig farms 
and IP pig farms came from the internal company (self-
breeding and internal introduction). For farrow-to-finish 
pig farms, self-breeding was a common way of introduc-
tion. It can not only cut the costs of gilt purchase, but 
also reduce the risk of new pathogens brought by external 
introduction [11, 14]. By comparison, 82% of the gilts in 
LP farms came from the internal company. This structure 

Table 4  Average age-related and litter production of 35,847 gilts

a,b,c,d  Bars with different letters differ significantly (P < 0.05)

High-performing 
pig farms (n =26)

Low-performing pig 
farms-Total pigs (n =26)

Low-performing pig 
farms-Breeding pigs (n 
= 22)

Low-performing pig 
farms-Commercial pigs 
(n = 18)

Mean ± SEM Mean ± SEM Mean ± SEM Mean ± SEM

Number of gilts 11,833 24,014 10,952 13,062

Introduction age 201 ± 0.46a 210 ± 0.25b 208 ± 0.38c 211 ± 0.34d

Age at first estrus 242 ± 0.42a 252 ± 0.28b 249 ± 0.34c 254 ± 0.42d

Age at first mating 255 ± 0.38a 253 ± 0.28b 250 ± 0.35c 255 ± 0.42a

Total number of piglets born per litter 11.8 ± 0.02a 9.7 ± 0.02b 9.9 ± 0.03c 9.6 ± 0.02d

Number of piglets born alive per litter 11.0 ± 0.02a 8.7 ± 0.02b 8.9 ± 0.03c 8.6 ± 0.03d

Number of weaned piglets per litter 9.3 ± 0.04a 7.1 ± 0.03b 7.0 ± 0.03c 7.3 ± 0.03d
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Fig. 1  Litter proportion distribution of gilts at different production level. The proportion distribution peaks of litter production in HP farms were 
shifted about two more than those in LP groups, respectively; and the proportion of low litter production (eight per litter or less) was lower than 
that in LP groups. Values represent Mean ± SEM. (HP farms, n = 11,833; LP-Total groups, n = 24,014; LP-BP groups, n = 10,952; LP-CP groups, n = 
13,062). a,b,c,dBars with different letters differ significantly (P < 0.05)

Table 5  Litter production at different first mating days of 35,847 gilts

a,b,c,d,e Bars with different letters differ significantly (P < 0.05)

Age at first mating days Number of gilts Litter production

Total number of piglets born Number of piglets born alive Number 
of weaned 
piglets

Mean ± SEM Mean ± SEM Mean ± SEM

160-189 898 9.9 ± 0.10a 9.1 ± 0.11a 7.9 ± 0.13ac

190-219 7,082 10.1 ± 0.03a 9.3 ± 0.04ac 7.9 ± 0.04a

220-249 10,575 10.5 ± 0.03e 9.6 ± 0.03d 7.8 ± 0.04ac

250-279 8,261 10.7 ± 0.09d 9.8 ± 0.03e 7.9 ± 0.05ac

280-309 5,522 10.3 ± 0.03a 9.2 ± 0.05ac 7.7 ± 0.06bc

310-339 2,259 10.3 ± 0.06a 9.3 ± 0.07ac 7.9 ± 0.08ac

340-369 651 10.8 ± 0.11de 9.6 ± 0.14acde 8.1 ± 0.17ac

370-399 347 9.3 ± 0.16bc 8.4 ± 0.18b 7.3 ± 0.21ac

≥400 252 9.5 ± 0.13bc 8.4 ± 0.18b 7.7 ± 0.21ac
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of source may increase the risk of introducing unknown 
diseases into LP farms.

Our study showed that the culling rate of gilts in LP 
farm was 14.9%, which was significantly higher than 
that in HP (9.4%) and IP pig farm (10.4%). The main 
reasons were undesirable limb configuration, repeated 
mating infertility and anestrus [13, 15, 16]. Tani 
et  al. [17] suggested that when the age at first mating 
increased from 220 d to 300 d, the risk of culling of gilts 
due to reproductive failure increased by 2.1%. Because 
the average introduction age in LP farms was 223 d, the 
records of first induced estrus and subsequent estrus 
were missed. Therefore, it was easy to delay the best 
time of breeding, resulting in the cull of these gilts 
due to reproductive problems. In general, the annual 
renewal rate of gilts was 45–60%, which was a very 
important production cost of pig farms [18]. From an 
economic point of view, gilts must serve more than 
three parities in the breeding herd to reduce the sub-
stantial renewal costs [19]. On the premise of ensuring 
the parity structure of sows, the lower the renewal rate 
of gilts, the higher the profit of pig farm [20]. However, 
during the entire one-year research stage, the total cull-
ing rate of LP farms was as high as 40.4%. Together 
with the total mortality of 19.1% (Table  1), the loss of 
gilts was nearly 60%, indicating that the overall utiliza-
tion of gilts in LP farms was very low.

Estrus was the basis for the reproductive performance 
of gilts. Gilts were bred in subsequent estrus cycles rather 
than their first cycle [21]. The breeding technical stand-
ard of gilts in our company was to introduce gilts (age 
at 130 d), then raised them in a pen with more than a 
dozen gilts, induced estrus at age of 160 d, recorded the 
first estrus, and transferred the estrus gilts to the single 
column. Afterwards, when the gilts aged at 210 d and 
weighed more than 135 kg, they can be bred for the first 
time. However, due to the shortage of sow source, the age 
of introduction/first mating in all groups was generally 
older, especially in LP-CP group. This not only caused 
the gilts to miss the optimal mating period (second or 
third estrus), increased the NPDs and feed consumption 
due to excessive feeding time, but also further reduced 
the estrus rate due to excessive weight gain [1, 22]. Gilts 
that missed the mating period will occupy a correspond-
ing number of individual columns while waiting for the 
next estrus period. As a result, other breeding gilts that 
need to be transferred to individual columns can only 
continue to be raised and bred in pens. Once they fought 
with each other and caused severe acute stress, it contin-
ued to affect their reproductive performance, which not 
only reduced animal welfare, but also shortened the sow’s 
production life [23]. This study found that the total estrus 
rate and total mating rate of LP farms were lower than 

those of HP and IP farms, which may be one of the rea-
sons for poor production performance.

An interesting finding of this study was that in all 
classified pig farms, only LP pig farms had three-
way crossbred gilts, and the proportion was as high 
as 54%. It was reported that breeds had an important 
impact on the reproductive performance of sows [24]. 
In order to study the effect of breeds on the reproduc-
tive performance of gilts, LP farms was further divided 
into breeding pig groups (LP-BP) and commercial pig 
groups (LP-CP). The results showed that the aver-
age total number of piglets born per litter and average 
number of piglets born alive per litter of LP-CP groups 
were the least in all groups (Table  4). The proportion 
distribution peaks of litter production in LP groups 
were shifted about two less than those in HP farms, 
respectively; and the proportion of low litter produc-
tion (eight per litter or less) was higher than that in 
HP farms (Fig.  1). This may be the characteristics of 
three-way crossbred pigs, that is, high growth perfor-
mance and superior meat quality, but poor reproduc-
tive performance [25]. In March 2019, the price of 
pork in China continued to rise [26]. Coupled with the 
influence of African swine fever, there was an extreme 
shortage of breeding sows. In this case, a large number 
of three-way crossbred sows originally used as com-
mercial pigs were used as breeding sows [27]. With the 
recovery of pig production, three-way crossbred sows, 
which were used as emergency supplements during 
special periods, were gradually culled.

We also found that there was a certain relationship 
between litter production and the age at first mating. 
When the age at first mating was 160–279 d, the aver-
age total number of piglets born per litter and average 
number of piglets born alive per litter increased with 
the increase of age, and decreased after 280 d, but there 
was a small peak at 340–369 d. This was inconsistent 
with the report of Saito [4], because he calculated the 
annualized lifetime number of pigs born alive. Never-
theless, the overall trend was similar.

This study had some limitations. The litter produc-
tion was only statistically analyzed at the first parity. If 
the reproductive performance of all parities through-
out the lifetime can be recorded, the impact of farm 
performance on the reproductive performance of gilts 
will be more accurately assessed. The current data rep-
resented many different management conditions and 
levels, ignoring the possible interaction between these 
factors. However, this study was worthwhile to describe 
the overall trend of production level of large-scale pig 
farms. The gap between HP farms and LP farms in 
terms of comprehensive utilization and reproductive 
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performance  of gilts was emphasized, which provided 
reference indicators for LP farms to be improved.

Conclusions
There were differences in the overall utilization and 
reproductive performance of gilts in pig farms of different 
production levels. The production level of HP farms was 
significantly higher than that of LP farms. The differences 
in the overall utilization of gilts were mainly reflected in 
the introduction source, culling rate and mortality in the 
gilts stage and the research stage. The age at first estrus, 
the age at first mating, breed and litter production were 
the main factors that affected reproductive performance.

Acknowledgements
We gratefully thank Xiaoyu Xin for providing the computational logic and 
interpretation of some concepts. And thank Tingting Ma for offering clas-
sification standard of breeds; we also thank Dr. Xingdong Zhou for her critical 
review of this manuscript.

Authors’ contributions
RG and WG were responsible for the study design. RG drafted the manuscript. 
XQ was responsible for statistical analysis. PL, XL, JR and JS reviewed the 
manuscript. All authors read and approved the final manuscript.

Funding
This work was supported by the Headquarters Research Institute Project of the 
Company (T945-151920), the National Natural Science Foundation of China 
(31701424) and the Open Project of State Key Laboratory of Crop Biology 
(2019KF06).

Availability of data and materials
Due to producer confidentiality, the dataset and farm information is not 
publicly available.

Declarations

Ethics approval and consent to participate
All data in this study came from the internal data management system, and 
the author had access rights. The study only involved data statistical analysis, 
without field investigation of pig farms.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Shandong New Hope Liuhe Agriculture and Animal Husbandry Technology 
Co., Ltd, 6596 Dongfanghong East Road Yuanqiao Town, Dezhou 253000, 
Shandong, People’s Republic of China. 2 Sichuan New hope Animal Husbandry 
Technology Co., Ltd., of 4th Floor Building 1 No. 7, Hangkong Road Wuhou Dis-
trict, Chengdu 610100,  Sichuan, People’s Republic of China. 3 Shandong Swine 
Herd Health Big Data and Intelligent Monitoring Engineering Laboratory, 
Dezhou University, Dezhou  253000,  Shandong, People’s Republic of China. 

Received: 19 July 2021   Accepted: 26 November 2021

References
	1.	 Faccin JEG, Laskoski F, Lesskiu PE, Paschoal AFL, Mallmann AL, Bernard 

ML, et al. Reproductive performance, retention rate, and age at the third 

parity according to growth rate and age at first mating in the gilts with a 
modern genotype. Acta Sci Vet. 2017;45:1–6.

	2.	 Houška L. The relationship between culling rate, herd structure 
and production efficiency in a pig nucleus herd. Czech J Anim Sci. 
2009;54(8):365–375.

	3.	 Safranski T. Management of replacement gilts. A platform for success. 
2016;95.

	4.	 Patterson J, Foxcroft G. Gilt management for fertility and longevity. 
Animals. 2019;9(7):434.

	5.	 Saito H, Sasaki Y, Koketsu Y. Associations between age of gilts at first 
mating and lifetime performance or culling risk in commercial herds. J 
Vet Med Sci. 2010;73:1012030403.

	6.	 Lopes R, Kruse AB, Nielsen LR, Nunes TP, Alban L. Additive Bayesian 
Network analysis of associations between antimicrobial consumption, 
biosecurity, vaccination and productivity in Danish sow herds. Prev Vet 
Med. 2019;169:104702.

	7.	 Kraeling RR, Webel SK. Current strategies for reproductive manage-
ment of gilts and sows in North America. J Anim Sci Biotechnol. 
2015;6(1):1–14.

	8.	 Luo Y, Li S, Sun Y, Q HJ. Classical swine fever in China: a minireview. Vet 
Microbiol. 2014;172(1-2):1–6.

	9.	 Lei K, Teng GH, Zong C, Li Z. The study of urine hormone index based 
on estrus mechanism of sows. 2020 ASABE Annual International 
Virtual Meeting. American Society of Agricultural and Biological Engi-
neers; 2020. p. 1.

	10.	 Koketsu Y. Productivity characteristics of high-performing swine farms. 
J Am Vet Med Assoc. 2000;215:376–9.

	11.	 Tani S, Piñeiro C, Koketsu Y. High-performing farms exploit reproduc-
tive potential of high and low prolific sows better than low-performing 
farms. Porcine Health Manag. 2018;4(1):1–12.

	12.	 Forner R, Bombassaro G, Bellaver FV, Maciag S, Fonseca FN, Gava D, 
et al. Distribution difference of colostrum-derived B and T cells subsets 
in gilts and sows. PLoS ONE. 2021;16(5):e0249366.

	13.	 Chitakasempornkul K, Meneget MB, Rosa GJM, Lopes FB, Jager A, Gon-
çalves MAD, et al. Investigating causal biological relationships between 
reproductive performance traits in high-performing gilts and sows. J 
Anim Sci. 2019;97(6):2385–2401.

	14.	 Lambert MÈ, Denicourt M, Poljak Z, D’Allaire S. Gilt replacement 
strategies used in two swine production areas in Quebec in regard to 
porcine reproductive and respiratory syndrome virus. J Swine Health 
Prod. 2012;20(5):223–230.

	15.	 Sasaki Y, Koketsu Y. Reproductive profile and lifetime efficiency of 
female pigs by culling reason in high-performing commercial breeding 
herds. J Swine Health Prod. 2011;19(5):284–291.

	16.	 Wang C, Wu Y, Shu D, Wei H, Zhou Y, Peng J. An analysis of culling 
patterns during the breeding cycle and lifetime production from 
the aspect of culling reasons for gilts and sows in Southwest China. 
Animals. 2019;9(4):160.

	17.	 Tani S, Koketsu Y. Factors for culling risk due to pregnancy failure in 
breeding-female pigs. J Agric Sci. 2016;9:109–17.

	18.	 Davies PR, Funk JA, Morrow WEM. Fecal shedding of Salmonella by gilts 
before and after introduction to a swine breeding farm. J Swine Health 
Prod. 2000;8(1):25–29.

	19.	 Casey T, Harlow KL, Ferreira CR, Sobreira TJP, Schinckel A, Stewart K. 
The potential of identifying replacement gilts by screening for lipid 
biomarkers in reproductive tract swabs taken at weaning. J Appl Anim 
Res. 2018;46(1):667–676.

	20.	 Stalder K, Knauer M, Baas T, Rothschild M, Mabry J. Sow longevity. Pig 
News Inf. 2004;25(2):53N–74N.

	21.	 Green ML, Diekman MA, Malayer JR, Scheidt AB, Long GG. Effect of 
prepubertal consumption of zearalenone on puberty and subsequent 
reproduction of gilts. J Anim Sci. 1990;68(1):171–178.

	22.	 Cottney PD, Magowan E, Ball MEE, Gordon A. Effect of oestrus number 
of nulliparous sows at first service on first litter and lifetime perfor-
mance. Livest Sci. 2012;146(1):5–12.

	23.	 Lagoda ME, Boyle LA, Marchewka J, Calderón Díaza JA. Mixing aggres-
sion intensity is associated with age at first service and floor type 
during gestation, with implications for sow reproductive performance. 
Animals. 2021;15:100158.



Page 9 of 9Guan et al. Porcine Health Management            (2021) 7:62 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	24.	 Knecht D, Środoń S, Duziński K. The impact of season, parity and breed 
on selected reproductive performance parameters of sows. Arch Anim 
Breed. 2015;58(1):49–56.

	25.	 Kriauzienė J, Rekštys V. Compatibility of various pig breeds at com-
mon and complex crossbreeding. Veterinarija ir zootechnika. 
2003;21(43):85–89.

	26.	 Liu Y, He L, Li D, Luo X, Peng G, Fan X, et al. Correlation analysis of Chinese 
Pork concept stocks based on big data. In: International conference on 
artificial intelligence and security. Cham: Springer; 2020. p. 475–486.

	27.	 Woonwong Y, Do Tien D, Thanawongnuwech R. The future of the pig 
industry after the introduction of African swine fever into Asia. Anim 
Front. 2020;10(4):30–37.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Utilization and reproductive performance of gilts in large-scale pig farming system with different production levels in China: a descriptive study
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Farm description
	Categories and definitions
	Data collection, study design and exclusion criteria
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


