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ABSTRACT

Insulin-like Growth Factor-1 (IGF-1) is important in growth and development 
of animals. This study demonstrated the effects of dietary IGF-1 supplementa-
tion to sow udder morphometry, which impacts sow mothering ability. Twenty 
gilts bred in two batches were assigned to control or treatment diet (supple-
mented with exogenous IGF-1 at 50 g/50 kg of feeds) from day 1 of gestation to 
day 30 of lactation. Sow udder morphometric traits like teat diameter (DIA), 
teat length (LEN), same row adjacent teat distance (SAM), opposite row adja-
cent teat distance (OPR) and teat tip to floor distance (FLO) were measured 
from each sow during pre-breeding, post-breeding and post-farrowing stages. 
Strong relationship between LEN and DIA was observed during the post-breed-
ing and post-farrowing. A higher (P ≤ 0.01) IgG concentration was seen in sows 
given IGF-1 supplementation, indicating a positive effect of IGF-1 on colostrum  
quality. Moreover, data obtained on the average litter weaning weight, ADG, 
and diarrhea incidence in piglets were different (P ≤ 0.01) between control and 
treatment groups, where piglets nursed by treated sows demonstrated better 
performance. Results of this study showed that dietary supplementation of 
IGF-1 improved sow mothering ability, which positively affected suckling pig 
performance. 
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INTRODUCTION

 Swine production has always been an interest to many since most people are 
meat-eaters and this brought a significant increase in pig population worldwide (OECD, 
2019). As pig farming continues to flourish, the commercial pig’s prolificacy and quality 
have always been the focus of improvement. As a result, farms with faster growth rates at 
minimum production costs are established using a pig flow model applying batch breeding 
and weaning for better all-in/all-out production programs (Carr and Howells, 2016). Thus, 
growth in pigs will be more systematic and the potential of existing pig farms will be greatly 
realized (Chen et al., 2011). 



 Among the topics experimentally explored is the role of growth factors in promoting 
animal bodily gains. An example of these is the Insulin-like Growth Factor-1 (IGF-1), 
which is found to be essential for embryogenesis, growth, reproduction and immune 
system development of animals (Yakar et al., 2005). IGF-1 is a peptide hormone composed 
of seventy (70) amino acid residue, which mediates the effects of the growth hormone 
(GH) in the body (Ketha and Ravinder, 2015). In pigs, IGF-1 plays a vital role in their 
growth and reproductive physiology since all the biological activity of this growth factor 
can translate to the improvement of their morphometric and economically important traits 
such as body height, loin muscle area (Li et al., 2013), scrotal length (Sangel and Roxas, 
2011), ovulation rate (Dantzer et al., 1999), litter size (Rothschild and Bidanel, 1998), and 
uterine capacity (Riberio et al., 1997). Although there are a number of experiments on the 
effects of supplementation of exogenous IGF-1 in animals (Chu et al., 2008; Li et al., 2014; 
Jameson, 2016), these studies were mostly conducted using other animals such as rodents 
as the model and there are limited data available in swine. One fascinating research avenue 
is the sow udder morphology. Balzani et al. (2016) defined sow udder quality traits as 
the udder morphology and colostrum IgG content at farrowing, and improvement of these 
udder quality traits directly enhanced the sow maternal performance. The present study has 
demonstrated the effects of exogenous IGF-1 feed supplementation in sow mothering ability 
through analysis of sow udder morphometric traits and their relationship to the quality of 
colostrum produced and the suckling pig productive performance.

MATERIALS AND METHODS

 Twenty crossbred primiparous gilts were used in this study. These gilts were ran-
domly assigned into the control group or treatment groups where they were fed with basal 
gestation and lactation diets at respective production periods. The treatment group was 
supplemented with exogenous IGF-1 at the rate of 50 g per 50 kg of feed. Treatment was 
administered in the form of dietary free IGF-1 supplementation at the rate of 50 g per 50 kg 
of feeds, from day one of gestation until day 30 of lactation.  The experiment was carried 
out using a Randomized Complete Block Design (RCBD) with the batch of the animal used 
as the blocking factor. 
 For the analysis of the sow udder morphometric profile (summarized in Table 1), 
the teat length, teat distance and teat diameter were recorded for both the control and treat-
ment groups. The teat length and teat distance were measured using a tape measure, while 
the teat diameter was measured using a Vernier Caliper. The said traits were measured 
during the pre-breeding period, after a successful pregnancy diagnosis and after parturition. 
In order to obtain more accurate results, the traits were measured in cm and taken in stand-
ing position as suggested in the study of Balzani et al. (2015).
 After a sow in both the control and treatment groups gave birth to their first piglet, 
the colostrum samples were collected until 12 hours after. These samples were collected 
from both the first and last two pairs of teats located on the anterior and posterior ends of 
the udder and were stored immediately upon collection at -20 ºC. Moreover, oxytocin was 
administered intramuscularly to the sow after the birth of the sixth piglet to facilitate ease 
in parturition and milk ejection.  For immunoglobulin G (IgG) analysis, the method was 
adapted from Balzani et al. (2015), wherein a refractometer (Atago, Tokyo, Japan) was 
calibrated using a distilled water before the next drop of well-mixed colostrum was placed
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Table 1. Definition of sow udder morphometric traits.

Traits Description
LEN length of the teats from the base to the tip
DIA diameter of the teat
SAM tip inter-teat distance between adjacent teat bases in the same row
OPR row distance between the adjacent teat base in the opposite row
FLO distance between the teat tip and the pen floor

on the refractometer prism. The refractometer gives a Brix percentage reading, which 
corresponds to the colostrum antibody level, was read and recorded.
 After giving birth to the whole litter, each piglet was weighed using an analogue 
weighing scale and each birth weight was recorded. The piglets were weighed on day 0 and 
at weaning. The weight in day 0 was subtracted from the weaning weight and divided by 
the number of days from birth to weaning in order to compute for the average daily gain 
(ADG). This was done since the piglets were solely dependent on milk and there were no 
feeds offered during the entire nursing period.  Moreover, the number of dead piglets was 
also recorded for the computation of pre-weaning mortality. Thus, a reasonable record on 
litter size at weaning was obtained. In addition, the incidence of diarrhea was also recorded 
using a Diarrhea Score Guide (Table 2) developed by Sulabo and Decena (2016).
 All data on sow udder morphometric traits, colostrum quality, and suckling pig 
production performance were subjected to statistical analyses using multivariate analysis of 
variance (MANOVA) for both the control and treatment groups. Wilk’s Lambda was used 
for mean comparison while Pearson’s correlation coefficient was used in analyzing the lin-
ear relationship of data from the sow morphometric profile gathered from the three phases 
of production. Mann-Whitney U-test, on the other hand, was used to analyze significant 
differences among fecal scores obtained from the piglets.

RESULTS AND DISCUSSION

 The udder is one of the most important parts in the body of a female pig. Specifically, 
immediately after birth, the teat is what the piglets search to suckle (Balzani et al., 2016). 
This present study dealt with the analysis of the udder morphometric profile in primiparous 
gilt or sow by direct measurement of some quantitative udder traits, i.e. teat length (LEN), 
teat diameter (DIA), and teat distances on same row (SAM), opposite rows (OPR) and to 
floor (FLO). All procedures were adapted from Balzani et al. (2015). 
 As shown in Table 3, correlation analyses resulted to variable degrees of association 
between the traits measured from the three specified stages of production (i.e. pre-breeding, 
post-breeding and post-farrowing). During the pre-breeding stage, only SAM showed a 
strong positive correlation with LEN and OPR. Also, FLO had a strong negative relation-
ship to SAM and LEN, and a moderately inverse relationship with OPR. This variation and 
inverse relationship observed can be accounted to the uncontrolled movement of the sow. 
Thus, affecting measurements with reference to the floor. Our observation conforms to the 
previous report (Balzani et al., 2015) emphasizing higher accuracy in measurement of traits 
with reference to anatomical landmark rather than those traits with reference to the floor. 
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Table 2. Diarrhea scores used in the assessment of the fecal condition of nursing pigs.

Score Description
 1       Characterized as stool having dry, whole, firm, well-formed appearance; 

ideal stool appearance in general.
2       Characterized as stool having semi-normal, moist appearance; mostly 

solids; approximately 10%-25% liquid: 75-90% solid distribution.
3    Characterized as stool having soft, pasty appearance; approximately 

50% liquid: 50% solid distribution.
4   Characterized as stool having wet, mushy appearance; mostly liquid, 

few solids; approximately 75-90% liquid: 10-25% solid distribution.
5    Characterized as stool having watery appearance; no solid pieces, en-

tirely liquid; worst stool appearance in general.

 On the other hand, data obtained during the post-breeding stage mostly demonstrated 
very weak relationships between traits (Table 3). It was also noticeable that the udder 
conformation before and after breeding had almost no relationship. Moreover, there was 
a decrease in negative association between FLO and the other traits. This suggests that the 
udder conformation during this period was not affected by the growth of the mammary 
glands due to lactogenesis. This observed trend is similar to the results reported by Kim et 
al. (1999).
 Furthermore, there were stronger correlations established between the morphomet-
ric profile in post-breeding and post-farrowing (Table 3). Specifically, udder traits such as 
LEN, DIA and SAM had strong linear relationships. These findings, however, is contrary to 
the study of Balzani et al. (2015), where no significant relationship between udder traits was 
observed. The variation of the present results for DIA with the previous report of Balzani 
et al. (2015) could be accounted to the modification in the adapted procedure used. In the 
present study, DIA measurement via caliper was not pressed hardly on teats since this will 
pose bias on the person taking the measurement. 
 The current study clearly showed that sow udder morphometric profile can be used 
as selection criterion for replacement gilts. Moreover, these traits are highly (for LEN and 
DIA) and moderately (for SAM) heritable traits (Balzani et al., 2016). Thus, gilts exhibiting 
better udder conformation during selection will produce female pigs with good udder 
conformation as well which conforms to the study of Luxford et al. (1998). In the long run, 
these traits will improve the productive capacity and performance of the farm since these 
traits will provide sows with better capacity to meet the needs of their suckling piglets. In 
addition, this study proposes the widening of morphological strategic selection in gilts to 
include udder morphometric traits since the conventional evaluation has been limited to the 
number of functional teats.
 Table 4 shows the measurements of the teats of the sows assigned in the control and 
treatment groups during pre-breeding and before the supplementation of exogenous IGF-1 
was given. As expected, both groups were comparable with reference to the traits measured. 
 After breeding, administration of treatment was carried out (i.e. supplementation 
of exogenous IGF-1 at 0.1% inclusion rate in feeds). Quantitative characterization of sow 
udder in the treatment group differed from those in the control. Specifically, DIA and LEN
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Table 4. Measurements of udder traits during the pre-breeding period in sows assigned to
  control and treatment groups (n=20). 

Pre-Breeding Teat 
Measurements

Traits
(cm) Control Treatment P-Value

Left fore udder DIA 10.79 ± 0.55 10.34 ± 0.64 0.6034
LEN   1.81 ± 0.15   1.86 ± 0.16 0.8234
OPR   9.40 ± 0.34   9.73 ± 0.45 0.5666
SAM 11.60 ± 0.58 10.88 ± 0.71 0.6493
FLO 26.50 ± 1.34 25.30  ± 1.08 0.4946

Right fore udder DIA 10.55 ± 0.29 10.48 ± 0.40 0.8883
LEN   1.68 ± 0.17   1.81 ± 0.14 0.5643
OPR   9.90 ± 0.46   9.80 ± 0.47 0.8809
SAM 11.30 ± 0.58 10.88 ± 0.71 0.6493
FLO 27.35 ± 1.86 26.50 ± 1.67 0.7373

Left rear udder DIA 10.65 ± 0.43 10.63 ± 0.31 0.9268
LEN   1.74 ± 0.17   1.79 ± 0.17 0.8358
OPR 10.30 ± 0.52   9.75 ± 0.53 0.4689
SAM 13.92 ± 1.00 13.03 ± 1.26 0.5883
FLO 29.55 ± 0.54 29.30 ± 0.61 0.7636

Right rear udder DIA 10.90 ± 0.43 10.56 ± 0.21 0.4836
LEN   1.75 ± 0.18   1.77 ± 0.16 0.9347
OPR   9.33  ± 0.43   9.93 ± 0.58 0.4165
SAM 13.92 ± 1.00 13.03 ± 1.26 0.5883
FLO 31.55 ± 1.45 31.10 ± 1.38 0.8244

were found to be statistically different between groups (Table 5). The better growth and 
development of teats in treated sows is attributed to a higher level of free plasma IGF-1 since 
higher free IGF-1 blood plasma levels have been implicated to improve body development 
(Lupu et al., 2001). Furthermore, the study conducted by Chen et al. (2011) showed a 
positive correlation between IGF-1 expression level and body weight. This improvement in 
body development was clearly demonstrated through improved udder morphometric traits 
like DIA and LEN. 
 On the other hand, SAM, OPR and FLO were comparable between the two groups. 
These traits quantitatively indicate the udder development in preparation for lactation. 
The results of this study are similar to the findings of Davis (2017), where sow udder still 
continue to grow and develop until the first three weeks of lactation. In addition, litter size 
has been shown to play a role in the rate of growth and development of sow udder from 
pregnancy until lactation (Davis, 2017).
 As shown in Table 6, immediately after farrowing, there was a notable increase in 
LEN and DIA for both the control and treatment groups. Significant differences between 
control and treatment groups were also demonstrated with reference to LEN and DIA. 
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Table 5. Measurements of sow udder traits during the post-breeding period in sows between 
  the control and treatment groups (n=20). 

Post-Breeding Teat 
Measurements

Traits
(cm) Control Treatment P-Value

Left fore udder DIA 10.74 ± 0.14 13.13 ± 0.27 0.0000***
LEN   1.41 ± 0.06   2.29 ± 0.05 0.0000***
OPR   9.68 ± 0.54   9.80 ± 0.57   0.8804
SAM 11.58 ± 0.51 12.80 ± 0.70   0.1729
FLO 23.74 ± 1.53 21.90 ± 0.67   0.2870

Right fore udder DIA 10.65 ± 0.08 12.07 ± 0.34 0.0007***
LEN   1.60 ± 0.07   2.27 ± 0.09 0.0000***
OPR 10.59 ± 0.71 10.50 ± 0.64   0.9257
SAM 11.28 ± 0.39 13.46 ± 0.47   0.0023**
FLO 25.75 ± 1.80 24.80 ± 1.69   0.7045

Left rear udder DIA 10.48 ± 0.09 11.90 ± 0.28 0.0001***
LEN   1.65 ± 0.05   2.16 ± 0.09 0.0001***
OPR 10.95 ± 0.53 10.60 ± 0.65   0.6921
SAM 14.40 ± 1.22 14.00± 0.80   0.7873
FLO 26.60 ± 0.98 26.05 ± 1.20   0.7275

Right rear udder DIA 10.50 ± 0.15 12.12 ± 1.23 0.0000***
LEN   1.60 ± 0.05   2.21 ± 0.06 0.0000***
OPR 10.82 ± 0.60 10.10 ± 0.31   0.3007
SAM 14.40 ± 1.22 14.00 ± 0.80   0.7873
FLO 29.14 ± 1.75 28.30 ± 1.12   0.6909

*P<0.05 
**P<0.01
***P<0.001

Lactation period in the sows greatly affects the udder conformation because of the milk 
that they continuously produce to provide nourishment for the suckling piglets. Moreover, 
as previously discussed, there is a positive correlation between litter size and the udder 
conformation of lactating sows (Davis, 2017).
 Collectively, measurements observed from pre-breeding (Table 4), post-breeding 
(Table 5) and post-farrowing (Table 6) showcased the gross morphological changes that 
occurred in the sow udder. These findings were similar to the study of Rempel et al. (2015), 
showing how sow udder conformation is greatly affected by the purpose wherein its body 
is being used for, in this case, for lactation. The data observed in the current study also 
validated the beneficial effects of exogenous IGF-1 supplementation in enhancing the sow 
udder morphometric profile. Specifically, by improving traits like LEN and DIA. These 
traits are important since these are indicative of good mothering ability in sows (Balzani et 
al., 2016). Moreover, they are highly heritable traits. On the other hand, this study suggests 
for traits like SAM, OPR and FLO to be measured both from the base and the tip of the teats.
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Table 6. Measurements of the udder conformation during post-farrowing of both the control 
  and treatment sows (n=20). 

Post-Farrowing Teat 
Measurements

Traits
(cm) Control Treatment P-Value

Left fore udder DIA 10.79 ± 0.08 12.51 ± 0.21 0.0000***
LEN   2.23 ± 0.04   2.61 ± 0.02 0.0000***
OPR 10.70 ± 0.40 10.50 ± 0.31   0.6945
SAM 11.40 ± 0.19 12.95 ± 0.20 0.0000***
FLO 23.55 ± 0.80 22.85 ± 0.30   0.4182

Right fore udder DIA 10.62 ± 0.15 12.52 ± 0.11 0.0000***
LEN   2.15 ± 0.03   2.51 ± 0.05 0.0000***
OPR 10.90 ± 0.35 11.40 ± 0.37   0.3388
SAM 11.25 ± 0.24 12.90 ± 0.22 0.0001***
FLO 24.80 ± 0.75 25.25 ± 0.91   0.7067

Left rear udder DIA 10.74 ± 0.11 11.79 ± 0.17 0.0001***
LEN   2.21 ± 0.02   2.40 ± 0.03 0.0003***
OPR 14.25 ± 0.64 14.63 ± 0.62   0.7230
SAM 26.00 ± 1.14 26.40 ± 1.16   0.6774
FLO 10.48 ± 0.13 12.28 ± 0.08   0.8082

Right rear udder DIA 11.20 ± 0.29 10.80 ± 0.29 0.0000***
LEN   2.14 ± 0.03   2.63 ± 0.03 0.0000***
OPR 14.25 ± 0.64 14.63 ± 0.62   0.3433
SAM 28.00 ± 0.33 28.90 ± 0.27   0.6774
FLO 10.79 ± 0.08 12.51 ± 0.21   0.0493*

*P<0.05 
**P<0.01
***P<0.001

 Neonatal piglets are in dire need of colostrum in order for them to survive since 
this milk contains heavy concentration of immunoglobulins like IgG among others. These 
immunoglobulins are responsible for passive immunity in neonatal pigs (Rooke and Bland, 
2002). In this study, the colostrum obtained from the sows in both the control and treatment 
groups were collected and analyzed for IgG content using Brix Refractometry (Balzani et 
al., 2015). Data revealed a higher IgG concentration of colostrum samples extracted from 
the sows receiving dietary IGF-1 supplementation (Table 7). This implies that exogenous 
IGF-1 supplementation can enhance the colostrum quality in lactating sows.
 Likewise, this observation is similar to the findings of Savino et al. (2003) and Kelley 
(2004), where IGF-1 improved white blood cells (WBCs) activity thereby augmenting the 
immunity level of the animal. This better immunity in sows translated to better colostrum 
quality since B-lymphocyte, a type of WBC, produces immunoglobulin. In addition, Balzani 
et al. (2016) demonstrated that the colostrum IgG level is also a highly heritable trait.
 In this study, the average litter weaning weight, average daily gain (ADG), pre-
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Table 7. Immunoglobulin G (IgG) content of colostrum samples obtained from sows in
   control and treatment groups (n=20). 

Site of Collection
IgG Concentration (%)

P-Value
Control Treatment

Left Posterior 1 12.03 ± 3.28     17.14 ± 4.60 0.0000
Right Posterior 1 12.38 ± 3.38 17.22 ± 4.70 0.0000
Left Posterior 2 11.77 ± 3.22 17.43 ± 4.76 0.0000
Right Posterior 2 12.04 ± 3.28 17.30 ± 4.73 0.0000
Left Anterior 1 12.42 ± 3.39 16.61 ± 4.54 0.0000
Right Anterior 1 12.12 ± 3.16 16.87 ± 4.63 0.0001
Left Anterior 2 11.97 ± 3.27 16.51 ± 4.55 0.0002
Right Anterior 2 12.37 ± 3.39 17.11 ± 4.67 0.0000

Traits were measured in Brix percentages (%).
All P-values significant at P< 0.001.

weaning mortality and diarrhea score were observed to be significantly different in piglets   
from the treatment group as compared to the control group at 10% and 5% level of 
significance, respectively (Tables 8 and 9). As previously discussed, the given exogenous 
IGF-1 could have enhanced the sow morphometric profile and colostrum quality leading 
to better mothering ability conforming to the study of Balzani et al. (2016) implicating 
enhanced sow mothering ability to the improvement of udder quality traits such as udder 
morphometry and colostrum quality. Also, it was noted by Jonas et al. (2008) that mothering 
ability of a sow is essentially dependent on the profile and functionality of the udder. 
Increase in LEN and DIA made suckling easier and more efficient for the piglets. This better 
suckling performance in piglets resulted in improved growth and higher chances of survival 
as demonstrated by higher ADG and average litter weaning weight in the treatment group. 
These findings conform to the results of Quensel et al. (2012), where induction of suckling 
on piglets through better teat conformation lead to better survival and weaning weight. 
 As the piglets were able to suckle colostrum instantly and with ease during the 
nursing period due to the improved udder morphometry, piglets showed higher chances of 
survival reducing cases of pre-weaning mortality. Moreover, the improved IgG content of 
the colostrum from the treatment group possibly gave the piglets a better level of passive 
immunity. Furthermore, piglets under the treatment group had near to perfectly normal stool. 
The decreased diarrhea occurrence in the piglets can be highly attributed to the increased 
IgG level ingested by the piglets at birth since these immunoglobulins specifically protect 
the body from viral and bacterial infections which conforms to the claims of Kelley (2004). 
This also contributed to the economic profitability of the farm as the amount of farm input 
was decreased in terms of anti-scouring medication. It would contribute to the revenue of 
the farmer as the production cost can be reduced and much wider profit can be gained since 
the cases of diarrhea and pre-weaning mortality were reduced.
 The good mothering ability of treated sows brought about by the improved udder 
morphometry and colostrum quality, indeed, translated to better ADG and weaning weight  
among piglets. This can then provide an increase in the number of growing animals. Thus, 
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Table 8. Average measurements of the suckling pig production traits between the control 
  and treatment groups. 

Traits Control Treatment P-Value
Litter size born alive   10.50 ± 0.687 9.60 ± 1.077   0.4902
Ave. weight at birth (kg)     1.67 ± 0.707 1.53 ± 0.309   0.0735
Ave. weight at weaning 
(kg)

    6.63 ± 1.981 9.12 ± 1.642 0.0000***

ADG (kg/day)     0.16 ± 0.055 0.25 ± 0.048 0.0000***
Pre-weaning mortality (%)     0.12 ± 0.055 0.02 ± 0.010   0.0855

*P<0.05 
**P<0.01
***P<0.001

Table 9. Mann Whitney U test results for the diarrhea score evaluated from suckling piglets 
 under control (n=105) and treatment groups (n=96) in a span of 30 days.

Factors Control Treatment
Median 1 1
Rank Sum 6,222,150 6,938,865
Mann Whitney U 3,045,420 3,483,180
P-value 0.0000*** 0.0000***

***P<0.001

improving farm production performance in the long run.
 In conclusion, the study showed how IGF-1 enhanced sow mothering ability traits 
and suckling pig performance and livability. The improved sow mothering ability was a 
result of improved udder quality traits (i.e, teat length and diameter) and better colostrum 
quality, where dietary supplementation of IGF-1 helped in the better expression of these 
highly heritable traits in sow. The enhanced sow udder quality traits then resulted to 
enhanced mothering ability as it gave the suckling piglets better chance to suckle from the 
teat with enhanced morphometry and with better colostrum quality which is essential for 
their survival. These aforementioned enhanced traits also resulted in better suckling pig 
performance and livability in terms of ADG, average weaning weight and diarrhea score. 
Furthermore, the use of IGF-1 supplementation in the sows translated to better weaning 
weights in the piglets making it an advantageous innovation that the farmers can adopt.
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