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Effects of added dietary salt on pig growth performance1,2
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ABSTRACT: Three studies evaluated the effects of 
added dietary salt on growth performance of pigs 
weighing 7 to 10, 11 to 30, and 27 to 65 kg. In exper-
iment 1, 325 pigs were used with 5 pigs per pen and 
13 pens per treatment. Pigs were fed a diet (0.39% Na 
and 0.78% Cl) for 7 d after weaning, then randomly 
assigned to diets with either 0, 0.20, 0.40, 0.60, or 
0.80% added salt for 14 d. All diets were corn-soy-
bean meal-based with 10% dried whey. Calculated 
Na concentrations were 0.11, 0.19, 0.27, 0.35, and 
0.43% and calculated Cl concentrations were 0.23, 
0.35, 0.47, 0.59, and 0.70%, respectively. Increasing 
salt increased (linear, P < 0.05) average daily gain 
(ADG) and gain to feed ratio (G:F). For ADG, 
the linear, quadratic polynomial (QP), and bro-
ken-line linear (BLL) models were competing with 
the breakpoint for the BLL at 0.59% salt. For G:F, 
the BLL reported a breakpoint at 0.33% while the 
QP indicated maximum G:F at 0.67% added salt. 
In experiment 2, 300 pigs were used in a 34-d trial 
with 5 pigs per pen and 12 pens per treatment. Pigs 
were weaned at 21 d of age and fed a phase 1 diet 
(0.50% Na and 0.67% Cl) for 11 d and then a phase 
2 diet (0.35% Na and 0.59% Cl) for 14 d. Then pens 
of pigs were randomly assigned to corn-soybean 

meal-based diets containing 0.20, 0.35, 0.50, 0.65, 
or 0.80% added salt. Calculated dietary Na concen-
tration were 0.10, 0.16, 0.22, 0.28, and 0.34% and 
calculated Cl concentrations were 0.23, 0.32, 0.41, 
0.50, and 0.59%, respectively. Overall, ADG and 
G:F increased (quadratic, P < 0.07) with increasing 
added salt. For ADG, the QP and BLL had similar 
fit with the breakpoint for BLL at 0.51% added salt. 
For G:F, the BLL model predicted a break point at 
0.35% added salt. In experiment 3, 1,188 pigs were 
used in a 44-d study with 27 pigs per pen and 11 pens 
per treatment. Pens of pigs were randomly assigned 
to corn-soybean meal-based diets containing 0.10, 
0.33, 0.55, or 0.75% added salt. Calculated dietary 
Na concentrations were 0.10, 0.19, 0.28, and 0.36% 
and calculated Cl concentrations were 0.23, 0.36, 
0.49, and 0.61%, respectively. Overall, there was no 
evidence to indicate that added salt above 0.10% of 
the diet affected growth. In conclusion, the BLL 
models suggested to maximize ADG for 7 to 10 and 
11 to 30 kg pigs was 0.59% (0.34% Na and 0.58% 
Cl) and 0.51% added salt (0.22% Na and 0.42% Cl), 
respectively. There was no evidence that growth of 
27 to 65 kg pigs was improved beyond 0.10% added 
salt (0.11% Na and 0.26% Cl).
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Sodium and chloride are ions that serve several 
key roles in the body. Both ions are involved in acid-
base balance. Sodium is a cation that is involved in 
the sodium potassium pump, nerve impulse, and 
muscle contraction. Chloride is anion that regu-
lates osmotic pressure and is a component of HCl, 
which is critical in digestion. The NRC (1998) 
requirement estimate for Na and Cl were 0.20% 
and 0.20% for 5 to 10  kg pigs, 0.15% and 0.15% 
for 10 to 20 kg pigs, and 0.10% and 0.08% for 20 to 
80 kg pigs. Mahan et al. (1996) evaluated Na and 
Cl requirements independently in corn-soybean 
meal diets with 20% dried whey and observed that 
average daily gain (ADG) increased up to a dietary 
Na concentration of 0.34% in 7 to 8 kg pigs and a 
dietary Cl concentration of 0.50% in 6 to 9 kg pigs. 
In two separate studies, Mahan et al. (1999) evalu-
ated Cl concentrations by adding HCl to the diet. 
ADG improved up to a dietary Cl concentration 
of 0.32%. Mahan et al. (1999) also noted improve-
ments in ADG of 7 to 15 kg pigs up to a dietary 
addition of 0.40% salt (0.36% Na and 0.49% Cl) 
in corn-soybean meal diets containing lactose and 
spray-dried animal plasma.

Based on the observations of Mahan et  al. 
(1996, 1999) and others, the NRC (2012) increased 
the Na and Cl requirement estimates to 0.35 and 
0.45% for 7 to 11  kg pigs, 0.28 and 0.32% for 11 
to 25 kg pigs, and 0.10 and 0.08% for 25 to 75 kg 
pigs. Sodium bicarbonate, sodium tripolyphos-
phate, ammonium chloride, and HCl are sources of 
Na and Cl that have been used to establish the Na 
and Cl requirement; however, in commercial diets 
the most common source of Na and Cl is added 
salt. Currently there is limited research to confirm 
the Na and Cl requirement estimates of modern 
genotype pigs and effects of added salt. Therefore, 
the objective of these experiments was to evaluate 
added salt on the growth performance of nursery 
pigs weighing 7 to 10 and 11 to 30 kg and grower 
pigs weighing 27 to 65 kg.

MATERIALS AND METHODS

The Kansas State University Institutional 
Animal Care and Use Committee approved the 
protocols used in these experiments.

Experiment 1

A total of 325 barrows (Line 200 × 400; DNA, 
Columbus, NE, initially 6.6 ± 0.15 kg body weight 
[BW]) were used in a 21-d growth trial with 5 
pigs per pen and 13 pens per treatment. Pigs were 

weaned at 21 d of age and were randomly allotted 
to pens of 5 based on their initial BW. Pigs were 
fed a common diet (0.39% Na and 0.78% Cl) for 7 
d after weaning. On day 7 after weaning, consid-
ered day 0 in the trial, pens of pigs were blocked 
by BW and then randomly assigned one of five die-
tary treatments fed for 14 d. The dietary treatments 
were corn-soybean meal-based with 10% dried 
whey. They included a diet with no added salt, or 
diets with either 0.20, 0.40, 0.60, or 0.80% added 
salt; resulting in calculated Na concentration of 
0.11, 0.19, 0.27, 0.35, and 0.43% and calculated Cl 
concentrations of 0.23, 0.35, 0.47, 0.59, and 0.70%, 
respectively (Table 1). Nutrient profiles, amino acid 
standardized ileal digestibility values as well as Na 
and Cl concentrations were derived from NRC 
(2012). Pigs were then fed a common diet from day 
14 to 21 (0.16% Na and 0.34% Cl). Pens of pigs 
were weighed and feed disappearance was recorded 
weekly to determine ADG, average daily feed intake 
(ADFI), and gain to feed ratio (G:F).

The study was conducted at the Kansas-State 
University Segregated Early Weaning Facility in 
Manhattan, KS. Each pen (1.22  ×  1.22 m) was 
equipped with a 4-hole, dry self-feeder and a nip-
ple waterer to provide ad libitum access to feed 
and water. The source of drinking water was from 
a municipal water system. It was not analyzed for 
Na or Cl content. Diets were manufactured at the 
K-State O.H. Kruse Feed Technology Innovation 
Center, Manhattan, KS. Soybean meal, salt, and 
L-Lysine–HCl samples were collected at the mill at 
the time of feed manufacturing, pooled, and sub-
sampled for chemical analysis. The 0 and 0.80% 
added salt diets were manufactured then blended 
to create the intermediate diets. Feed samples were 
collected from eight feeders per treatment, pooled, 
and subsampled for chemical analysis.

Experiment 2

A total of 300 pigs (Line 241  ×  600; DNA, 
Columbus, NE; initially 11.3 ± 0.21 kg BW) were 
used in a 34-d trial with 5 pigs per pen and 12 pens 
per treatment. Pigs were weaned at 21 d of age and 
were allotted to pens based on their initial BW. All 
pigs were fed a common phase 1 diet (0.50% Na and 
0.67% Cl) for 11 d and then a common phase 2 diet 
(0.35% Na and 0.59% Cl) for 14 d. At day 25 after 
weaning, considered day 0 of the trial, pens of pigs 
were blocked by BW and then randomly assigned 
to one of five diets which were fed for 27 d. Dietary 
treatments were corn-soybean meal-based and con-
tained either 0.20, 0.35, 0.50, 0.65, or 0.80% added 
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salt (Table 2). This resulted in calculated dietary Na 
concentrations of 0.10, 0.16, 0.22, 0.28, and 0.34% 
and calculated Cl concentrations of 0.23, 0.32, 
0.41, 0.50, and 0.59%, respectively. Pigs were then 
fed a common diet from day 27 to 34 (0.16% Na 
and 0.29% Cl). Pens of pigs were weighed and feed 
disappearance was recorded weekly to determine 
ADG, ADFI, and G:F.

This study was conducted at the Kansas-State 
University Swine Teaching and Research Center 
in Manhattan, KS. Each pen (1.2  ×  1.5 m) was 
equipped with a 4-hole, dry self-feeder and a nip-
ple waterer to provide ad libitum access to feed 
and water. The source of drinking was the same as 
in experiment 1.  Diets were manufactured at the 
K-State O.H. Kruse Feed Technology Innovation 
Center. Sodium and Cl values for ingredients that 
were determined in experiment 1 were used in diet 
formulation. Feed samples were collected from 
eight feeders per treatment, pooled, and subsam-
pled for analysis.

Experiment 3

A total of 1,188 pigs (PIC 359 × 1050; initial 
BW 27.1 ± 0.95 kg) were used in a 44-d trial with 
27 pigs per pen and 11 pens per treatment. Pigs 
were blocked by BW and then randomly assigned 
to one of four dietary treatments that were fed 
for 44 d.  Dietary treatments were corn-soybean 
meal-based and contained either 0.10, 0.33, 0.55, 
or 0.75% added salt (Table 3). This resulted in cal-
culated dietary Na concentrations of 0.10, 0.19, 
0.28, and 0.36% and calculated Cl concentrations 
of 0.23, 0.36, 0.49, and 0.61%, respectively. Pens 
of pigs were weighed and feed disappearance was 
recorded on day 0, 16, 31, and 44 to determine 
ADG, ADFI, and G:F.

This study was conducted at a commer-
cial research-finishing site located in southwest 
Minnesota (New Horizon Farm, LLC, Pipestone, 
MN). Pigs were housed in a naturally ventilated 
and double-curtain-sided barn. Each pen (3 × 5.5 
m) contained a 4-hole stainless steel feeder and cup 
waterer for ad libitum access to feed and water. 
Source of drinking water was from well water and 
not analyzed for Na or Cl. Feed additions to each 
individual pen were made and recorded by a robotic 
feeding system (FeedPro; Feedlogic Corp., Wilmar, 
MN). Experimental diets for experiment 3 were 
manufactured at New Horizon Feed LLC. Dried 
distillers grain with solubles samples were collected 
at the mill, pooled, and subsampled for analy-
sis prior to manufacturing the dietary treatments. 

Table  1. Diet composition, experiment 1 (as-fed 
basis)

Ingredient3, % Experimental1 Common phase 32

Corn 51.00 63.77

Soybean meal (48% crude protein) 29.60 32.86

Dried whey 10.00 ---

HP 300 (Hamlet Protein)4 5.00 ---

Choice white grease 1.00 ---

Monocalcium P (21% P) 1.05 1.10

Limestone 1.05 0.98

Salt --- 0.35

L-Lysine HCl 0.30 0.30

DL-Methionine 0.18 0.12

L-Threonine 0.15 0.12

Trace mineral premix5 0.15 0.15

Vitamin premix6 0.25 0.25

Phytase7 0.02 0.02

Zinc oxide 0.25 ---

Total 100 100

Calculated analysis

Standardized ileal digestible (SID) amino acids, %

  Lysine 1.35 1.35

  Isoleucine:lysine 63 57

  Leucine:lysine 124 117

  Methionine:lysine 35 30

  Methionine and cystine:lysine 59 51

  Threonine:lysine 66 57

  Tryptophan:lysine 19 17

  Valine:lysine 67 62

Total lysine, % 1.49 1.37

Net energy, kcal/kg 2,321 2,363

Crude protein, % 22.8 21.4

Calcium, % 0.78 0.70

Phosphorus, % 0.68 0.64

Available Phosphorus, % 0.48 0.41

Sodium, % 0.11 0.16

Chloride, % 0.23 0.34

Potassium, % 1.15 0.96

Dietary electrolyte balance, mEq/kg8 276 218

1Experimental diets were fed approximately from 7 to 12 kg. Corn 
was removed and replaced with salt to create the treatment diets. 
Treatment diets containing 0% and 0.80% salt were manufactured 
and blended at the feed mill to create the intermediate diets of 0.20%, 
0.40%, and 0.60% salt.

2Common phase 3 diet fed to all pigs from day 21 to 28 after weaning.
3All nutrient profiles for ingredients were derived from NRC (2012).
4Hamlet Protein, Findlay, OH.
5Provided per kilogram of premix: 22 g Mn from manganese oxide; 

73 g Fe from iron sulfate; 73 g Zn from zinc sulphate; 11 g Cu from 
copper sulfate; 198  mg I  from calcium iodate; and 198  mg Se from 
sodium selenite.

6Provided per kilogram of premix: 3,527,360 IU vitamin A; 881,840 
IU vitamin D3; 17,637 IU vitamin E; 3,307 mg riboflavin; 1,764 mg 
menadione; 11,023  mg pantothenic acid; 33,069  mg niacin; and 
15.4 mg vitamin B12.

7Ronozyme HiPhos 2700 (DSM Nutritional Products, Inc., 
Parsippany, NJ), providing 406.3 phytase units (FTU)/kg and an esti-
mated release of 0.10% available P.

8Calculated as = (Na*434.98) + (K*255.74) – (Cl*282.06).
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Like experiment 2, Na and Cl concentrations from 
ingredients determined in experiment 1 were used 
in formulation. Feed samples from six feeders 
per treatment were collected at the beginning and 
the end of the trial, pooled, and subsampled for 
analysis.

Chemical Analysis

Feed samples for experiment 1 and dried dis-
tillers grain with solubles samples and feed samples 
for experiment 3 were submitted for analysis of Na 
and Cl (Ward Laboratories, Kearney, NE). Sodium 
samples were prepared by removing organic matter 
and lipids with HNO3, HCl, and H2O2 (Campbell 
and Plank 1991; Wolf et  al., 2003) and samples 
were then analyzed for Na via inductively cou-
pled plasma spectroscopy (Kovar, 2003). Dietary 
Cl concentrations were determined by titrating 
sliver nitrate until all Cl ions are precipitated and 
then detecting the concentration of free sliver ions 
using a Metrohm 855 Robitic Titrosampler and a 
Metrohm 6.0430.100 Ag Titrode (Metrohm USA 
Inc, Riverview, FL, AOAC 969.10, 2000; Kalra 
et  al., 1991; Mills et  al., 1991). Soybean meal, 
L-Lys-HCl, salt, and feed samples for experiment 
2 were submitted to Cumberland Valley Analytical 
Service (Maugansville, MD) for analysis of Na and 
Cl. Sodium within each sample was analyzed fol-
lowing procedures outlined by AOAC (2000). To 
analyze samples for Cl samples were prepared with 
nitric acid and then analyzed using a Metrohm 848 
Titrono Plus (Metrohm USA Inc, Riverview, FL). 
Standard procedures from AOAC (2006) were fol-
lowed for analysis of moisture (Method 934.01), 
and crude protein (Method 990.03; K-State 
Analytical Laboratory, Manhattan, KS).

Statistical Analysis

Data for all experiments were analyzed as a ran-
domized complete block design with body weight 
as the blocking factor. An initial model was eval-
uated for each experiment where dietary treatment 
was considered as a categorical fixed effect and 
block was considered a random effect with pen as 
the experimental unit. Models were evaluated sep-
arately for individual experiments. The base model 
was used to evaluate the heterogeneity of resid-
ual variance using Bayesian Information Criteria 
(BIC) to determine the best fit. For experiment 1, 
heterogenous variance was used for ADFI and G:F 
while homogenous variance was used for ADG. 
For experiment 2, heterogenous variance was used 

Table  2. Diet composition, experiment 2 (as-fed 
basis)

Ingredient3, % Experimental1 Common grower2

  Corn 60.12 71.50

  Soybean meal (48% crude 
protein)

34.66 25.71

  Choice white grease 1.30 ---

  Monocalcium P (21% P) 1.15 0.55

  Limestone 0.88 1.13

  L-Lysine HCl 0.35 0.31

  DL-Methionine 0.16 0.06

  L-Threonine 0.14 0.09

  L-Tryptophan 0.004 ---

  L-Valine 0.04 ---

  Trace mineral premix4 0.15 0.15

  Vitamin premix5 0.25 0.15

  Phytase6 0.02 0.02

  Sand 0.60 ---

  Salt 0.20 0.35

Total 100 100

Calculated analysis

Standardized ileal digestible (SID) AA, %

  Lysine 1.30 1.05

  Isoleucine:lysine 61 62

  Leucine:lysine 124 135

  Methionine:lysine 35 30

  Methionine and cystine:lysine 58 55

  Threonine:lysine 62 61

  Tryptopahn:lysine 18.5 18.0

  Valine:lysine 69 69

Total lysine, % 1.45 1.18

Net energy, kcal/kg 2,447 2,463

Crude protein, % 22.0 18.5

Calcium, % 0.70 0.62

Phosphorus, % 0.65 0.49

Available phosphorus, % 0.43 0.29

Sodium, % 0.10 0.17

Chloride, % 0.23 0.46

Potassium, % 0.97 0.81

Dietary electrolyte balance, mEq/kg7 226 154

1Experimental diets were fed from approximately 11 to 30 kg. Sand 
was removed and replaced with salt to create the additional experimen-
tal treatment diets.

2Common grower diet was fed to all pigs from approximately 30 to 
37 kg.

3Analyzed Na and Cl values from experiment 1 were used in diet 
formulation. Nutrient profiles for all other ingredients are from NRC 
(2012).

4Provided per kilogram of premix: 22 g Mn from manganese oxide; 
73 g Fe from iron sulfate; 73 g Zn from zinc sulphate; 11 g Cu from 
copper sulfate; 198  mg I  from calcium iodate; and 198  mg Se from 
sodium selenite.

5Provided per kilogram of premix: 3,527,360 IU vitamin A; 881,840 
IU vitamin D3; 17,637 IU vitamin E; 3,307 mg riboflavin; 1,764 mg 
menadione; 11,023  mg pantothenic acid; 33,069  mg niacin; and 
15.4 mg vitamin B12.

6Ronozyme HiPhos 2700 (DSM Nutritional Products, Inc., 
Parsippany, NJ), providing 406.3 phytase units (FTU)/kg and an esti-
mated release of 0.10% available P.

7Calculated as = (Na*434.98) + (K*255.74) – (Cl*282.06).
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for ADG and G:F while homogenous variance was 
used for ADFI. For G:F, block was removed from 
the model as it did not contribute to the model fit 
but degrees of freedom were adjusted manually to 
account for the degrees of freedom contributed by 

block. Linear and quadratic polynomials (QP) were 
used to evaluate increasing salt.

For experiments 1 and 2, added salt dose response 
curves were predicted using PROC GLIMMIX and 
PROC NLMIXED to optimize ADG, ADFI, and 

Table 3. Diet composition, experiment 3 (as-fed basis)1

Item

Added salt, %

0.10 0.33 0.55 0.75

Ingredient2, %

  Corn 54.15 53.75 53.35 52.97

  Soybean meal (48% crude protein) 22.72 22.75 22.78 22.81

  Dried distillers grain with solubles3 20.00 20.00 20.00 20.00

  Beef tallow 0.75 0.90 1.05 1.20

  Monocalcium P (21% P) 0.20 0.20 0.20 0.20

  Limestone 1.26 1.25 1.25 1.24

  Salt 0.10 0.33 0.55 0.75

  Vitamin and trace mineral premix4 0.15 0.15 0.15 0.15

  L-Lysine HCl 0.48 0.48 0.48 0.48

  DL-Methionine 0.05 0.05 0.05 0.05

  L-Threonine 0.11 0.11 0.11 0.11

  L-Tryptophan 0.02 0.02 0.02 0.02

  Phytase5 0.01 0.01 0.01 0.01

Total 100 100 100 100

Calculated analysis

Standardized ileal digestible (SID) AA, %

  Lysine 1.17 1.17 1.17 1.17

  Isoleucine:lysine 61 61 61 61

  Leucine:lysine 147 147 146 146

  Methionine:lysine 31 31 31 31

  Methionine and cystine:lysine 56 56 56 56

  Threonine:lysine 62 62 62 62

  Tryptophan:lysine 18.5 18.5 18.5 18.5

  Valine:lysine 70 70 70 70

Total lysine, % 1.34 1.34 1.34 1.34

Net energy, kcal/kg 2,474 2,474 2,474 2,474

Crude protein, % 20.8 20.8 20.8 20.8

Calcium, % 0.58 0.57 0.57 0.57

Phosphorus, % 0.52 0.52 0.52 0.52

Available phosphorus, % 0.34 0.34 0.34 0.34

Sodium, % 0.10 0.19 0.28 0.36

Chloride, % 0.23 0.36 0.49 0.61

Potassium, % 0.68 0.68 0.68 0.68

Dietary electrolyte balance, mEq/kg6 155 156 157 158

Chemical analysis, %

  Dry matter 85.90 87.39 85.83 86.56

  Crude protein 16.57 17.23 15.64 17.72

  Sodium 0.11 0.22 0.25 0.34

  Chloride 0.26 0.46 0.50 0.61

1Experimental diets were fed for 44 d from approximately 27 to 64 kg.
2Analyzed Na and Cl values from experiment 1, were used in diet formulation. Nutrient profiles for all other ingredients are from NRC (2012).
3Dried distillers grain with solubles were analyzed for dietary Na (0.22%) and Cl (0.19%) and analyzed values were used in diet formulation.
4Provided per kilogram of premix: 22 g Mn from manganese oxide; 73 g Fe from iron sulfate; 73 g Zn from zinc sulphate; 11 g Cu from cop-

per sulfate; 0.22 g I from calcium iodate; 0.20 g Se from sodium selenite; 3,527,360 IU vitamin A; 881,840 IU vitamin D3; 17,637 IU vitamin E; 
3,307 mg riboflavin; 1,764 mg menadione; 11,023 mg pantothenic acid; 33,069 mg niacin; and 15.4 mg vitamin B12.

5Optiphos 2000 (Huvepharma, Sofia, Bulgaria) provided an estimated release of 0.11% available P.
6Calculated as = (Na*434.98) + (K*255.74) – (Cl*282.06).
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G:F following the procedure outlined by Gonçalves 
et al. (2016). The dose response models that were 
evaluated were linear, QP, broken-line linear (BLL), 
and broken-line quadratic. Bayesian Information 
Criterion was used to determine best fit, with a 
decrease in two or more points indicating a better 
fit of the model (Raftery, 1996). As with the base 
model, heterogeneous variance was accounted for 
where appropriate. Individual pen means and the 
response curves were plotted for the best fitting 
models. For the BLL models, the breakpoints and 
95% CI are reported. For the QP model, the max-
imum response and 95% CI are reported. The CI 
was calculated by plotting the regression equation 
with the 95% CI across the doses and projecting the 
maximum response across the y-axis using a hori-
zontal line. The intersection between the horizontal 
line and CI boundaries of the predicted line is then 
projected onto the x-axis to estimate the CI of the 
optimum dose level (Gonçalves et al., 2016).

RESULTS AND DISCUSSION

Chemical Analysis

Chemical analysis of the salt sample indicated 
a Na concentration of 40.26% and a Cl concen-
tration of 58.72%, which would be similar to the 
NRC (2012) Na and Cl concentration estimates of 
39.5% and 59% (Table  4). Analysis of the L-Lys-
HCl samples indicated a Na concentration of 
0.01% and a Cl concentration of 19.37%. Results 
of the chemical analysis indicated a Na concen-
tration of 0.22% and a Cl concentration of 0.19% 
for dried distillers grain with solubles. The Na and 
Cl concentration of the soybean meal sample was 
0.01% and 0.02%, respectively. The NRC (2012) Na 
and Cl concentration estimate for soybean meal is 
0.08% and 0.49% while the NRC (1998) Na and Cl 
concentration estimate for soybean meal is 0.02% 
and 0.05%. While the Na concentration of the soy-
bean meal sample (0.01%) is similar to NRC (2012) 
and NRC (1998) concentration estimates, the Cl 

concentration (0.02%) of soybean meal is signifi-
cantly less than NRC (2012) concentration estimate 
of 0.49%. Ingredients were not analyzed in advance 
of diet formulation in experiment 1; however, the 
diets in experiments 2 and 3 used the results of the 
analyses of experiment 1 in diet formulation.

For experiment 1, chemical analysis of diets 
indicated that analyzed values for Na and Cl were 
similar to calculated values with dietary Na con-
centrations ranging from 0.09% to 0.40% and diet-
ary Cl concentrations ranging from 0.23% to 0.72% 
(Table 5). Results for experiment 2 closely matched 
calculated concentrations except for the 0.80% 
added salt diet, which was slightly lower in Na and 
Cl when compared to calculated concentrations 
(Table 6). Diets contained increasing Na concentra-
tions that ranged from 0.11% to 0.30% and Cl con-
centrations that ranged from 0.23% to 0.50%. For 
experiment 3, analyzed Na and Cl concentrations 
were similar to calculated values with dietary Na 
concentration ranging from 0.11% to 0.34% and 
dietary Cl concentrations ranging from 0.26% to 
0.61% (Table 3).

Experiment 1

From day 0 to 14, increasing salt increased 
(linear, P < 0.015) ADG, ADFI, and day 14 BW 
(Table  7). Despite the linear response, there were 
only small improvements observed beyond 0.60% 
added salt. Gain to feed increased (quadratic,  

Table  4. Chemical analysis of feed ingredients, 
(as-fed basis)1

Item Na, % Cl, %

Salt 40.26 58.72

L-Lysine-HCl 0.01 19.37

Soybean meal (48% crude 
protein)

0.01 0.02

Dried distillers grain with solubles 0.22 0.19

1Samples were collected from the mill, homogenized, and then sub-
sampled for analysis.

Table  5. Chemical analysis of experimental diets, 
experiment 1, (as-fed basis)1

Item, %

Added salt, %

0 0.20 0.40 0.60 0.80

Dry matter 88.83 89.07 89.57 89.01 89.03

Crude protein 21.50 19.51 19.29 19.52 20.70

Na 0.09 0.17 0.23 0.38 0.40

Cl 0.23 0.37 0.46 0.56 0.72

1Multiple samples were collected of each diet throughout the study, 
homogenized, and then subsampled for analysis.

Table  6. Chemical analysis of experimental diets, 
experiment 2 (as-fed basis)1

Added salt, %
Item, % 0.20 0.35 0.50 0.65 0.80

Dry matter 86.89 87.63 88.22 87.68 87.40

Crude protein 19.77 20.26 21.64 21.15 23.37

Na 0.11 0.14 0.20 0.28 0.30

Cl 0.23 0.29 0.39 0.48 0.50

1Multiple samples were collected of each diet throughout the study, 
homogenized, and then subsampled for analysis.
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P < 0.019) as salt increased from 0% to 0.60%, with 
no further benefits observed thereafter.

From day 14 to 21, when pigs were fed a com-
mon diet with 0.35% added salt, those previously 
fed low salt diets appeared to have compensatory 
ADG and G:F (linear, P < 0.013) compared with 
those previously fed high salt diets. There was no 
evidence of difference to indicate that previous 
dietary treatments influenced ADFI or day 21 BW.

For ADG, the linear, QP, and BLL mod-
els were competing with similar BIC. The pre-
dicted response for the QP model was indicated 
as ADG  =  193.22  +  139.12  × (added salt, %) − 
76.936 × (added salt, %)2 with the predicted max-
imum greater than the highest amount fed (0.90%; 
95% CI [0.45, >0.80%]) though a 0.59% added salt 
inclusion could obtain 97% of the maximum per-
formance. The BLL model breakpoint was 0.59% 
salt with ADG = 253.50 – 99.58 × (0.59 – added 
salt, %), when salt < 0.59% and ADG = 253.8, if  
added salt ≥ 0.59%. For ADFI, the QP and linear 
models were competing with similar BIC. The pre-
dicted response for the QP model was indicated 
as ADFI  =  193.05  +  144.74  × (added salt, %) – 
83.963 × (added salt, %)2 with the predicted max-
imum greater than the highest amount fed (0.86%; 
95% CI [0.45, >0.80%]) while 95% of the maximum 
performance could be obtained with 0.47% salt. 
For G:F, the QP and BLL models were competing 
with similar BIC. The predicted response for the QP 
model was indicated as G:F = 626.61 + 429.91 × 
(added salt, %) – 321.92  × (added salt)2 with the 
maximum performance obtained with 0.67% 
(95% CI [0.37, >0.80%]) added salt while 95% 

of the predicted maximum performance could 
be obtained with 0.33% added salt. For the BLL 
model, the breakpoint was at 0.33% added salt with 
G:F  =  756.47  – 394.82  × (0.33  – added salt, %), 
when added salt < 0.33% and G:F = 756.7, if  added 
salt ≥ 0.33%.

Based on the results of the BLL and QP mod-
els, the inclusion concentration in which maximum 
performance was obtained was 0.59% (BLL) and 
0.90% (QP) added salt for ADG, 0.86% (QP) added 
salt for ADFI, and 0.33% (BLL) and 0.67% (QP) 
for G:F. If  the goal of production system was to 
capture maximum ADG while maintaining G:F 
then the QP models would indicate the optimal salt 
inclusion to be between 0.67% and 0.90% added 
salt. However, 0.59% added salt would still obtain 
97% of the ADG and G:F performance based on 
the QP ADG and G:F model. An inclusion of 
0.59% added salt would result in diets that would 
have a Na concentration of approximately 0.34% 
and Cl concentration of 0.58%.

A dietary Na concentration of 0.34% would 
agree with the NRC (2012) requirement estimates of 
0.35% while a Cl concentration of 0.58% would be 
greater than the Cl requirement estimate of 0.45% 
for the 7 to 11  kg pig. In two studies evaluating 
Na and Cl independently with Na2PO4 and HCl in 
corn-soybean meal-based diets that also contained 
dried whey, Mahan (1996) observed improvements 
in growth performance up to a dietary Na con-
centration of 0.34% in 7 to 8  kg pigs and a diet-
ary Cl concentration of 0.50% in 6 to 9  kg pigs. 
Mahan et al. (1999) did not observe an interaction 
between Na and Cl, sourced from Na2PO4 and HCl 

Table 7. Effects of increasing salt on growth performance of 7 to 10 kg pigs (experiment 1)1

Item

Added salt, %2

SEM

Probability, P <

0 0.20 0.40 0.60 0.80 Linear Quadratic

Day 0–14

  ADG, g 194 216 234 254 253 10.2 0.001 0.218

  ADFI, g 309 305 319 326 334 9.3 0.015 0.609

  G:F, g/kg 626 705 732 779 758 20.9 0.001 0.019

Post-treatment (day 14–21)

  ADG, g 432 353 361 379 334 24.6 0.013 0.318

  ADFI, g 557 523 548 550 531 24.5 0.701 0.911

  G:F, g/kg 772 672 652 683 623 24.1 0.001 0.135

BW, kg

  Day 0 6.6 6.6 6.6 6.6 6.6 0.05 0.630 0.789

  Day 14 9.4 9.7 9.9 10.2 10.2 0.15 0.001 0.297

  Day 21 12.4 12.1 12.4 12.8 12.5 0.25 0.229 0.982

1A total of 325 barrows (Line 200 × 400; DNA, Columbus, NE) were used in a 14-d study with 5 pigs per pen and 13 pens per treatment. Pigs 
were weaned at approximately 21 d, fed a common starter diet for 7 d postweaning, then placed on experimental diets.

2Experimental diets were fed from day 0 to 14 and a common phase 3 diet was fed from day 14 to 21. Treatment diets with 0 and 0.80% added 
salt were manufactured and blended at the feed mill to create the intermediate levels of 0.20, 0.40, and 0.60% added salt.
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in corn-soybean meal diets with lactose and spray 
dried animal plasma; however, ADG increased with 
increasing dietary Cl concentrations up to 0.45% 
in 7 to 11  kg pigs. In a different study, HCl was 
used to evaluate Cl concentrations in a corn-soy-
bean meal diet with lactose and spray dried animal 
plasma (Mahan et al., 1999). ADG improved up to 
a dietary Cl concentration of 0.32%. Considering 
both of these trials, a Cl concentration of 0.32% to 
0.45% would be significantly lower than the 0.58% 
Cl which corresponded to the optimal salt inclusion 
concentration (0.59% added salt) observed in our 
experiment. However, it is important to remember 
that in the study herein, Na and Cl concentrations 
were not evaluated independently as added salt was 
the source for both ions.

Mahan et  al. (1996) observed a quadratic 
response to added salt with improvements in ADG 
up to 0.40% added salt (0.44% Na and 0.51% Cl) 
in corn-soybean meal diets with 20% spray dried 
whey for 7 to 9 kg pigs. Mahan et al. (1999) also 
suggested 0.40% added salt (0.36% Na and 0.49% 
Cl) in a corn-soybean meal diet with lactose and 
spray dried animal plasma was needed to maximize 
growth of 7 to 15 kg pigs. The addition of 0.40% 
salt is lower than the calculated optimal inclusion 
observed in our study of 0.59% (0.34% Na and 

0.58% Cl); but because of the added spray dried 
animal plasma and the higher inclusion of dried 
whey used in their studies, the actual Na and Cl 
concentrations are similar.

Experiment 2

From day 0 to 14, ADG and ADFI increased 
(quadratic, P < 0.001 and 0.089) as added salt 
increased from 0.20% to 0.65%, with no further 
benefits observed thereafter (Table  8). Gain to 
feed ratio and day 14 BW increased (quadratic, 
P < 0.029 and 0.088) with increasing added salt.

From day 14 to 27, there was no evidence of dif-
ference to indicate dietary treatment affected ADG. 
ADFI improved (linear, P < 0.015) with increasing 
added salt and G:F tended (linear, P < 0.084) to 
slightly worsen with increasing salt with the opti-
mal G:F obtained with 0.50% added salt diet.

From day 0 to 27, ADG improved (quadratic,  
P < 0.005; Table  9) as added salt increased from 
0.20% to 0.80%, with the greatest marginal improve-
ment observed from 0.20% to 0.50% added salt. 
ADFI increased (linear, P < 0.001) with increasing 
added salt. Gain to feed ratio and day 27 BW tended 
(quadratic, P < 0.064 and 0.088, respectively) to 

Table 8. Effects of increasing salt on growth performance of 11 to 30 kg pig (experiment 2)1

Item

Added salt, %2

SEM

Probability, P <

0.20 0.35 0.50 0.65 0.80 Linear Quadratic

Day 0–14

  ADG, g 527 593 609 634 629 12.1 0.001 0.001

  ADFI, g 844 879 889 919 903 15.7 0.001 0.089

  G:F, g/kg 625 676 685 691 697 11.2 0.001 0.029

Day 14–27

  ADG, g 806 804 835 814 827 14.9 0.213 0.672

  ADFI, g 1,323 1,316 1,360 1,383 1,377 20.2 0.002 0.766

  G:F, g/kg 609 611 614 588 601 6.9 0.084 0.819

Day 0–27

  ADG, g 661 695 718 721 723 10.0 0.001 0.005

  ADFI, g 1,075 1,089 1,116 1,142 1,129 15.8 0.001 0.211

  G:F, g/kg 616 638 643 631 641 6.0 0.024 0.064

Post-treatment period (day 27–34)

  ADG, g 916 879 916 895 881 16.8 0.316 0.884

  ADFI, g 1,673 1,700 1,747 1,780 1,764 24.6 0.001 0.272

  G:F, g/kg 548 517 525 503 500 7.7 0.001 0.345

BW, kg

  Day 0 11.3 11.3 11.3 11.3 11.3 0.22 0.875 0.894

  Day 14 18.7 19.6 19.9 20.2 20.4 0.34 0.001 0.061

  Day 27 29.2 30.0 30.7 30.8 31.1 0.45 0.001 0.088

  Day 34 35.6 36.2 37.1 37.1 37.3 0.47 0.001 0.112

1A total of 300 pigs (Line 241 × 600; DNA, Columbus, NE) were used in a 34-d study with 5 pigs per pen and 12 pens per treatment. Pigs were 
weaned at approximately 21 d, fed a common starter diet for 25 d postweaning, then placed on experimental diets.

2Experimental diets were fed from day 0 to 27 and a common grower diet was fed from day 27 to 34.
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increase from 0.20% to 0.80% added salt with the 
greatest incremental benefit up to 0.50% added salt.

From day 27 to 34, when pigs were fed a com-
mon diet, there was no evidence to indicate previ-
ous dietary treatments affected ADG. However, 
pigs previously fed increasing salt had increased 
ADFI (linear, P < 0.001) and poorer (linear,  
P < 0.001) G:F.

For ADG, the QP and BLL models were 
competing with similar BIC. The predicted 
response for the QP model was indicated as 
ADG  =  600.44  +  358.82  × (added salt, %) – 
258.68 × (added salt, %)2 with the maximum per-
formance obtained with 0.69% added salt (95% 
CI [0.45, >0.80%]) while 99% of maximum perfor-
mance could be obtained with 0.51% added salt. 
For the BLL model, the breakpoint was at 0.51% 
with ADG = 722.07 – 187.83 × (0.51 – added salt, 
%), when added salt < 0.51% and ADG  =  721.2 
if  added salt ≥ 0.51%. For ADFI, the QP, linear, 
and BLL models were competing with similar BIC 
with the predicted response for the QP model indi-
cated as ADFI = 1,020.22 + 284.61× (added salt, 
%) -177.15  × (added salt, %)2 with the maximum 
amount tested (0.80%; 95% CI [0.45, > 0.80%]) giv-
ing the greatest ADFI, although 99.6% of the per-
formance could be obtained with 0.65% added salt. 
For the BLL model, the breakpoint was at 0.65% 
with ADFI  =  1135.5  – 139.76  × (0.65  – added 
salt, %), when salt < 0.65% and ADFI = 1,135.4 if  
added salt ≥ 0.65%. For G:F, the linear and BLL 
were competing models with the breakpoint for 
BLL at 0.35% salt and G:F  =  638.57  – 150.04  × 
(0.35 – added salt, %) when added salt < 0.35% and 
G:F = 638.0, if  added salt ≥ 0.35%.

The QP models would indicate an optimal addi-
tion of 0.69% added salt; however, the BLL models 
would suggest a lower addition of 0.51%. An inclu-
sion of 0.51% salt would obtain 99% performance 
of the ADG QP model thus giving confidence in 
the BLL model. The addition of 0.51% salt would 

have a Na concentration of approximately of 0.22% 
and a Cl concentration of approximately 0.42%. 
A Na concentration of 0.22% would be intermedi-
ate between the NRC (2012) requirement estimate 
for 11 to 25 kg pigs (0.28%) and the NRC (2012) 
requirement estimate for 25 to 75 kg pigs (0.10%). 
A Cl concentration of 0.42% is significantly greater 
than the NRC (2012) estimate for both 11 to 25 kg 
pigs (0.32%) and 25 to 75 kg pigs (0.08%).

While independently evaluating Na and Cl 
with 8.5 to 19.7  kg pigs, Honeyfield and Froseth 
(1985) observed improved ADG up to a Na con-
centration of 0.11% and no improvements beyond 
Cl concentration of 0.10% in corn-soybean meal 
diets with added ammonium chloride and sodium 
tripolyphospahtae. A Na and Cl concentration of 
0.11% and 0.10%, respectively would be signifi-
cantly lower than the Na (0.22%) and Cl (0.42%) 
concentration associated with 0.51% added salt. 
However, in the present experiment, salt was used 
instead of ammonium chloride and triployphos-
phate. Also, the models predicting the optimal 
salt inclusion are based on the BW range of 11.3 
to 30.4 kg pigs whereas the BW range of the pigs 
in the experiment conducted by Honeyfield and 
Froseth (1985) was 8.5 to 19.7  kg. Hagsten and 
Perry (1976) observed improvements in ADG up to 
0.13% added salt in corn-soybean meal diets for 12 
to 24 kg pigs and 0.14% added salt in diets for 17 
to 32 kg pigs. Alcantara et al. (1980) also observed 
improvements in ADG up to 0.14% added salt 
(0.089% Na) in 9.5 to 25.0 kg pigs. A Na concen-
tration of 0.089% would be significantly lower than 
the 0.22% Na associated with 0.51% added salt and 
would be significantly lower than the optimal salt 
inclusion determined in our experiment.

Experiment 3

From day 0 to 44, there was no evidence of dif-
ference to indicate that ADG, ADFI, G:F or d 44 

Table 9. Effects of increasing salt for 27 to 65 kg pigs (experiment 3)1

Item

Added salt, %

SEM

Probability, P <

0.10 0.33 0.55 0.75 Linear Quadratic

Day 0–44

  ADG, g 852 847 851 847 8.3 0.690 0.919

  ADFI, g 1,670 1,689 1,712 1,679 34.6 0.734 0.470

  G:F, g/kg 512 502 499 506 8.7 0.598 0.337

BW, kg

  Day 0 27.2 27.1 27.1 27.1 0.31 0.205 0.872

  Day 44 64.7 64.4 64.6 64.5 0.54 0.855 0.747

1A total of 1,188 pigs (PIC 337 × 1050) were used in a 44-d study with 27 pigs per pen and 11 replications per treatment.
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BW improved beyond 0.10% added salt (Table 9). 
According to the chemical analysis, the 0.10% 
added salt diet had a Na concentration of 0.11% 
and a Cl concentration of 0.26%. A Na concentra-
tion of 0.11% would be similar to the NRC (2012) 
Na estimate for 25 to 75 kg pigs (0.10%). A Cl con-
centration of 0.26% would be significantly greater 
than the NRC (2012) requirement estimate for 25 
to 75 kg pigs (0.08%).

Honeyfield et al. (1985) noted improvement in 
ADG of 36 to 89 kg pigs up to Cl concentration of 
0.18% and no improvements beyond a Na concen-
tration of 0.08%, in corn-soybean meal diets with 
added sodium tripolyphosphate and ammonium 
chloride. A  Na concentration of 0.18% would be 
slightly greater than the Na concentration of 0.11% 
in our lowest added salt diet. A  Cl concentration 
of 0.08% would be significantly lower than the Cl 
concentration of the 0.10% added salt diet (0.26%). 
Previous research conducted by Alcantara et  al. 
(1980) indicted an optimal inclusion of 0.08% salt 
(0.065% Na) in diets for 25 to 50 kg pigs, which is 
similar to the optimal level observed in our experi-
ment. Hagsten et al. (1976) also observed an opti-
mal level of 0.10% added salt in diets for 18 to 
91 kg pigs.

The NRC (2012) Na and Cl estimates are based 
on the results of Na, Cl, and added salt studies. By 
independently evaluating Na and Cl, researchers 
have been able to predict the requirement estimate 
of the pig for each ion independently. It is impor-
tant to note that in our studies Na and Cl were not 
independently evaluated but rather in the form of 
added salt. In added salt diets, Na could be con-
sidered the limiting ion because the Na and Cl 
requirements are similar and salt is composed of 
approximately 39% Na and 61% Cl. Because Na is 
the limiting ion, a lower inclusion of salt is needed 
to meet the Cl requirement but a higher inclusion 
is needed to meet the Na requirement. Thus, if  
the NRC (2012) Na and Cl estimates are accur-
ate, optimal amounts of salt will meet the pig’s Na 
requirement and exceed the Cl requirement. This 
would suggest that when titrating added salt, per-
formance will increase with increasing Na and Cl 
concentrations until the Cl requirement of pig is 
met and then any additional performance observed 
would be due to meeting the pig’s Na requirement. 
This is supported by results of our study in which 
the diets that met the NRC (2012) Na requirement 
estimate and exceeded the Cl requirement estimate 
for the appropriate BW range had optimal growth 

performance compared to diets that were deficient 
in Na or Cl.

In conclusion, the BLL models for ADG sug-
gest pigs weighing 7 to 10 and 11 to 30 kg, required 
0.59% (0.34% Na and 0.58% Cl) and 0.51% added 
salt (0.22% Na and 0.42% Cl), respectively. There 
was no evidence to indicate that growth of 27 to 
65 kg pigs was improved beyond 0.10% (0.11% Na 
and 0.26% Cl) added salt.
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