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Abstract
The objective of this study was to predict body compositions of live pigs using bioelectrical 
impedance procedures. In experiment 1, 32 crossbred (Duroc × Landrace × Yorkshire) fin-
ishing pigs with an average weight at 84.06 kg were used. In experiment 2, 96 crossbred 
(Duroc × Landrace × Yorkshire) finishing pigs with an average weight at 88.8 kg were used. 
A four-terminal body composition analyser was utilized to determine fat percentage. Lean 
meat percentage and backfat thickness were measured with a lean meat measuring meter. 
In experiment 1, fat percentage was not significantly correlated with lean meat percentage, 
although a tendency (p < 0.1) of a negative correlation was found. Backfat thickness was sig-
nificantly correlated with fat percentage and lean meat percentage (r = 0.745 and r = −0.961, 
respectively). Coefficients of determination for fat percentage with lean meat percentage, 
fat percentage with backfat thickness, and backfat thickness with lean meat percentage 
were 0.503, 0.566, and 0.923, respectively. In experiment 2, fat percentage was significantly 
correlated with lean meat percentage (r = −0.972). Backfat thickness was also significantly 
correlated with fat percentage and lean meat percentage (r = 0.935 and r = −0.957, respec-
tively). Results of this study indicate that bioelectrical impedance analysis might be useful for 
predicting body compositions of live finishing pigs.
Keywords: Bioelectrical impedance analysis, Backfat thickness, Finishing pig

INTRODUCTION
Swine industry and environment are rapidly changing [1]. Most domestic pig feed nutrient standards 
follow the National Research Council (NRC) standard, not the Korean livestock feeding standard. 
However, due to differences in feeding management technology and environment of domestic pig 
farms, there are many difficulties in applying the feeding standard of advanced pig farming countries. 
In the case of energy, pigs are often fed higher than energy requirements set by the Korean livestock 
feeding standard. Such mismanagement of feeding can lead to the appearance of low grades of pig 
carcasses after slaughter. Currently, pork carcass grades in Korea include 1+, 1, and 2 [2]. If pork carcass 
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grade is rated 1 or higher, an incentive will be given. If pork carcass grade is grade 2 or out of the 
grade, a penalty will be given. Low grade of pork carcass is mainly due to overweight and lack of 
meat caused by incorrect feeding management during the growing-finishing period. Therefore, the 
quality of pork is determined by feeding management. Carcass grade has an effect on farm income. 
However, with current specification technology, it is difficult to manage pork carcass grade before 
slaughter. In addition, the technology for predicting carcass grade is insufficient. Therefore, it is 
necessary to develop a smart technology to reduce production costs by avoiding excessive nutrients 
while producing high-grade economic-forming pigs.

Bioelectrical impedance analysis (BIA) is a test method that measures in vivo resistance 
(impedance) using a small alternating current to the body to predict components that make up 
the body based on measured resistance values [3–5]. BIA has the following advantages: 1) it is 
non-invasive and safe without radiation, 2) its measurement time is short, 3) it needs a simple and 
inexpensive equipment, and 4) it has high reliability [3–7]. BIA is based on difference between 
current resistance values of fat and protein [8]. Fat with little moisture in tissues has the highest 
electrical intrinsic resistance while muscle containing a lot of moisture has a low resistance [3,4,8]. 
According to the difference in resistance between fat and protein, body composition ratio can be 
obtained [8]. Thus, BIA can analyze compositions of pigs without slaughter.

However, there is still a lack of technology to predict pork carcass grade by analyzing a pig’s 
body compositions through a BIA sensor. Therefore, the objective of this study was to determine 
correlations of body fat percentage, lean meat percentage, and backfat thickness by performing 
Pearson correlation analysis to evaluate whether BIA sensor could be used to predict body 
compositions of live finishing pigs. 

MATERIALS AND METHODS
Protocols for the two experiments were approved by the Institutional Animal Care and Use 
Committee (IACUC) of Chungbuk National University, Cheongju, Korea (approval #CBNUA- 
1428-20-02).

Animals and measurements
In experiment 1, a total of 32 crossbred (Duroc × Landrace × Yorkshire) finishing pigs weighted 
84.06 kg (range, 51–110 kg) were used in a research farm of Chungbuk National University. 
All pigs were fed diets formulated to meet or exceed NRC [9] recommendations (Table 1). A 
four-terminal body composition analyser (model HBF-306, OMRON, Kyoto, Japan) was used 
to determine fat percentage according to the method described by Swantek et al. [10]. After 
measuring fat percentage, a lean meat measuring meter (model Piglog 105, SFK Technology, 
Herlev, Denmark) was used to determine lean meat percentage and backfat thickness according to 
the method described by Lucas et al. [11]. 

Experiment 2 was conducted by increasing the number of repetitions for more accurate and 
reliable analysis than that used in experiment 1. A total of 96 crossbred (Duroc × Landrace × 
Yorkshire) finishing pigs weighted 88.08 kg (range, 55–105 kg) were used in the research farm of 
Chungbuk National University.

Statistical analysis
All data measured with a body composition analyser and a lean meat measuring meter were 
analyzed by SPSS software package (SPSS, Chicago, IL, USA). Correlation was analyzed to test 
the significance of linear relationships of fat percentage, backfat thickness, and lean meat percentage. 
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The linear relationship was analyzed using Pearson correlation coefficient. In addition, a regression 
analysis equation was obtained to analyze the causal relationship of values. 

RESULTS AND DISCUSSION
Table 2 presents values of average, standard error, and coefficient of determination for fat 
percentage, lean meat percentage, and backfat thickness of live finishing pigs (Experiment 1). In 
experiment 1, average fat percentage, average lean meat percentage, and average backfat thickness 
were 29.94%, 65.34%, and 21.14 mm, respectively. Coefficients of determination for fat percentage 
and lean meat percentage, fat percentage and backfat thickness, and backfat thickness and Lean 
meat percentage were 0.503, 0.566, and 0.923, respectively. Correlations of physical characteristics 
of live finishing pigs in experiment 1 are shown in Table 3. Fat percentage and lean meat percentage 
were negatively correlated (r = −0.556). On the other hand, fat percentage and backfat thickness 
showed a significantly positive correlation (r = 0.745). Fat percentage and lean meat percentage also 
showed a significantly positive correlation (r = −0.961). Linear relationships among fat percentage, 

Table 1. Feed compositions of basal diet (as-fed basis)
Item Content

Ingredients (%)

Corn 59.13

Wheat 3.00

Soybean meal 30.48

Soy oil 4.29

Dibasic calcium phosphate 1.47

Limestone 0.63

Salt 0.25

L-lysine·HCl (78%) 0.34

DL-Methionine (50%) 0.08

L-Threonine (89%) 0.03

Vitamin premix1) 0.10

Mineral premix2) 0.20

Calculated composition

ME (kcal/kg) 3,400

CP 17.50

Lys (%) 0.95

Met (%) 0.30

Ca (%) 0.76

Analyzed composition

ME (kcal/kg) 3,311

CP 17.41

Lys (%) 1.09

Met (%) 0.33

Ca (%) 0.78
1) Provided per kg diet: 10,000 IU vitamin A; 3,000 IU vitamin D3; 80 IU vitamin E; 12 mg vitamin K; 150 mg vitamin C; 20 mg 
riboflavin; 60 μg vitamin B12; 50 mg D-pantothenic acid; 60 mg biotin; 80 mg niacin; 2 mg vitamin B6.

2) Provided per kg diet: 100 mg Fe (as FeSO4∙7H2O); 15 mg Cu (as CuSO4∙5H2O); 50 mg Zn (as ZnSO4); 54mg Mn (as MnO2); 1 
mg I (as KI); 0.30 mg Se (as Na2SeO3∙5H2O).

ME, metabolizable energy; CP, crude protein.
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lean meat percentage, and backfat thickness are shown in Fig. 1. Linear relationships of lean meat 
percentage with fat percentage and backfat thickness were found to be negative. On the other hand, 
the linear relationship of fat percentage with backfat thickness was positive. Regression equations 
are shown as follows:

Fat percentage - lean meat percentage: y = −0.956x + 92.415
Backfat thickness - lean meat percentage: y = −0.607x + 78.173

Fat percentage - backfat thickness: y = 0.616x + 16.924

Table 4 shows values of average, standard error, and coefficient of determination for fat 
percentage, lean meat percentage, and backfat thickness of live finishing pigs (Experiment 2). In 

Table 2. Regression coefficients and standard error for predicting lean, fat percentage and backfat 
thickness with in vivo measurements (Experiment 1)

Item N Mean SE R2

Fat percentage1) 32 29.94

Lean meat percentage2) 32 65.34

Backfat thickness (mm) 32 21.14

Fat percentage - lean meat percentage 1.93 0.503

Fat percentage - backfat thickness 1.89 0.566

Backfat thickness - lean meat percentage 0.60 0.923
1)Fat percentage was measured with a body composition analyser.  
2)Lean percentage and backfat thickness was measured with a lean meat measuring meter.
R2, determination coefficient.

Table 3. Correlation matrix for physical characteristics of live pigs (Experiment 1)
Item Fat percentage1) Lean meat percentage2) Backfat thickness (mm)

Fat percentage

Lean meat percentage −.556

Backfat thickness (mm) .745* −.961**
1)Fat percentage was measured with a body composition analyser.  
2)Lean percentage and backfat thickness was measured with a lean meat measuring meter.
* p < 0.05, ** p < 0.01.

Fig. 1. Graphs of linear regression analysis of body composition in live finishing pigs (Experiment 1).
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experiment 2, average fat percentage, average lean meat percentage, and average backfat thickness 
were 26.79%, 64.36%, and 20.96 mm, respectively. Coefficients of determination for fat percentage 
and lean meat percentage, fat percentage and backfat thickness, and backfat thickness and lean meat 
percentage were 0.944, 0.875, and 0.916, respectively. Correlations of physical characteristics of live 
finishing pigs in experiment 2 are presented in Table 5. Lean meat percentage showed negative 
correlations with fat percentage and backfat thickness (r = −0.972 and r = −0.957, respectively). 
Fat percentage and backfat thickness showed a positive correlation (r = 0.935). All correlations 
in experiment 2 were significant (p < 0.01). Fig. 2 presents linear relationships of fat percentage, 
lean meat percentage, and backfat thickness. As in experiment 2, the linear relationship between 
fat percentage and lean meat percentage or between backfat thickness and lean meat percentage 
was negative. The linear relationship between fat percentage and backfat thickness was positive. 

Fig. 2. Graphs of linear regression analysis of body composition in live finishing pigs (Experiment 2).

Table 4. Regression coefficients and standard error for predicting lean, fat percentage and backfat 
thickness with in vivo measurements (Experiment 2)

Item N Mean SE R2

Fat percentage1) 96 26.79

Lean meat percentage2) 96 64.36

Backfat thickness (mm)3) 96 20.96

Fat percentage - lean meat percentage 0.35 0.944

Fat percentage - backfat thickness 0.97 0.875

Backfat thickness - lean meat percentage 0.43 0.916
1)Fat percentage was measured with a body composition analyser.  
2)Lean percentage and backfat thickness was measured with a lean meat measuring meter.
R2, determination coefficient.

Table 5. Correlation matrix for physical characteristics of live pigs (Experiment 2)
Item Fat percentage Lean meat percentage Backfat thickness (mm)

Fat percentage

Lean meat percentage −.972**

Backfat thickness (mm) .935** −.957**
1)Fat percentage was measured with a body composition analyser.  
2)Lean percentage and backfat thickness was measured with a lean meat measuring meter.
** p < 0.01.
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Regression equations are shown as follows:

Fat percentage - lean meat percentage: y = −0.525x + 78.439
Backfat thickness - lean meat percentage: y = −0.464x + 74.100

Fat percentage - backfat thickness: y = 0.840x + 9.193

The correlation coefficient used in this experiment is expressed as Pearson correlation coefficient 
that is commonly used to obtain the relationship between two variables [12]. The coefficient of 
determination means the degree to which a variable can be predicted by calculating R2. If it is close 
to 1, it can be interpreted that the regression model is suitable [12]. The most important correlation 
between fat percentage and lean meat percentage showed higher reliability values in experiment 
2 which had more precise analysis than experiment 1. This means that lean meat percentage can 
be predicted with a high probability based on fat percentage of live finishing pigs measured with 
a bioelectrical impedance analyzer. In addition, since Pearson correlation coefficient showed a 
significant negative correlation (r = −0.972), it could be judged that there is a close relationship 
between fat percentage and lean meat percentage. The lean meat percentage is calculated using the 
backfat thickness and the loin muscle area. The backfat thickness has a direct correlation with fat 
content of pigs [13,14]. In this study, there was a high correlation between fat percentage of pigs 
measured using a bioelectrical impedance sensor and backfat thickness measured using a meat 
percentage meter. Therefore, it is possible to analyze body compositions of pigs using a bioelectrical 
impedance sensor. In the study of Daza et al. [15], body compositions of Iberian pigs were analyzed 
using a bioelectrical impedance sensor. They reported that fat contents and fat percentage could 
be predicted to be 96% and 91.6%, respectively. It has been reported that not only fat percentage, 
but also the percentage of lean meat and bone can be predicted with a high reliability with a 
bioelectrical impedance sensor. Thus, bioelectrical impedance sensor can be used to predict body 
compositions of live pigs. Swantek et al. [10] has used a multiple regression model to predict 
body compositions of live pigs, showing a high reliability at 82%. As a rapid and non-destructive 
method, the use of a bioelectrical impedance sensor has an excellent potential for predicting body 
compositions. Similar to previous studies, this study showed a strong correlation between fat 
percentage and lean meat percentage through bioelectrical impedance analysis which showed a 
high reliability. Therefore, bioelectrical impedance analysis is highly promising as a safe and reliable 
technology for predicting carcass grade and managing body compositions of live finishing pigs.

CONCLUSION
There are high correlations among fat percentage, backfat thickness, and lean meat percentage of 
live finishing pigs. Bioelectrical impedance analysis can be used to predict body compositions of live 
pigs to facilitate feeding management of pigs. 
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