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INTRODUCTION

A reduction in the particle size of feed ingredients 
has been associated with improved nutrient digestibility 
in swine due to increased surface area of the particles 

(Owsley et al., 1981; Giesemann et al., 1990; Healy et 
al., 1994; Wondra et al., 1995; Rojas and Stein, 2015). 
However, data on effects of reducing the particle size 
of calcium carbonate in diets fed to pigs are limited. 
Particle size of calcium carbonate has been intensively 
studied in poultry, and results have indicated that par-
ticle size of calcium carbonate is important for egg 
shell formation, Ca retention, and bone mineral content 
(Roland, 1986; Rao et al., 1992; Zhang and Coon, 1997; 
de Araujo et al., 2011). For laying hens, it is recom-
mended to use a particle size of 1.00 mm or greater, as 
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ABSTRACT: Two experiments were conducted to 
evaluate particle size of calcium carbonate used in 
diets fed to growing pigs. Experiment 1 was conducted 
to determine apparent total tract digestibility (ATTD), 
standardized total tract digestibility (STTD), and reten-
tion of Ca among diets containing calcium carbonate 
produced to different particle sizes, and Exp. 2 was 
conducted to determine if growth performance of 
weanling pigs is affected by particle size of calcium 
carbonate. In Exp. 1, 4 diets based on corn and potato 
protein isolate were formulated to contain 0.70% Ca 
and 0.33% standardized total tract digestible P, but the 
calcium carbonate used in the diets was ground to 4 
different particle sizes (200, 500, 700, or 1,125 μm). A 
Ca-free diet was formulated to determine basal endog-
enous losses of Ca. In Exp. 2, 4 diets were based on 
corn and soybean meal and the only difference among 
diets was that each diet contained calcium carbonate 
ground to the 4 particle sizes used in Exp. 1. In Exp. 
1, 40 barrows (15.42 ± 0.70 kg initial BW) were allot-
ted to the 5 diets with 8 replicate pigs per diet using 
a randomized complete block design, and in Exp. 2, 
128 pigs with an initial BW of 9.61 ± 0.09 kg were 
randomly allotted to 4 experimental diets. Results of 

Exp. 1 indicated that basal endogenous losses of Ca 
were 0.329 g/kg DMI. The ATTD of Ca was 70.0 ± 3.2, 
74.3 ± 2.7, 70.0 ± 2.9, and 72.1 ± 2.7 and the STTD of 
Ca was 74.2 ± 3.2, 78.5 ± 2.7, 74.1 ± 2.9, and 76.2 ± 
2.7 for calcium carbonate ground to 200, 500, 700, or 
1,125 μm, respectively. Retention of Ca was 67.4  ± 
3.1, 70.4 ± 2.6, 63.9 ± 2.8, and 67.2 ± 2.2 for diets 
containing calcium carbonate ground to 200, 500, 700, 
or 1,125 μm, respectively. There were no differences 
among diets for ATTD of Ca, STTD of Ca, or reten-
tion of Ca. The ATTD of P was 64.5 ± 1.7, 66.8 ± 2.6, 
64.2 ± 3.0, and 63.2 ± 1.7% and retention of P was 
61.4 ± 1.4, 63.8 ± 2.8, 61.9 ± 2.8, and 60.9 ± 1.5 for 
diets containing calcium carbonate ground to 200, 500, 
700, or 1,125 μm, respectively. Neither ATTD of P nor 
retention of P was influenced by the particle size of cal-
cium carbonate. Results of Exp. 2 indicated that ADG, 
ADFI, and G:F were not impacted by the particle size 
of calcium carbonate. In conclusion, particle size of 
calcium carbonate did not affect ATTD of Ca, STTD 
of Ca, or retention of Ca; ATTD of P or retention of 
P; or growth performance of pigs. Any particle size of 
calcium carbonate in the range from 200 to 1,125 μm 
can therefore be used in diets fed to pigs.
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particle size is directly related to retention time in the giz-
zard (de Araujo et al., 2011). With increased particle size, 
an increase in retention time is observed, which not only 
increases solubility but also provides a Ca reserve for 
egg shell formation (Zhang and Coon, 1997). In broiler 
chickens, coarse particle size reduces Ca retention in the 
intestines and decreases mineralization of bone (Guinotte 
et al., 1991, 1995). However, in ruminants, particle size 
of calcium carbonate has no effect on the digestibility of 
Ca (Matsushima et al., 1955), and in rats, reducing the 
particle size of calcium carbonate from 18.5 to 13.0 μm 
had no effect on balance of Ca, bone mineral content, or 
bone mechanical properties (Shahnazari et al., 2009). In 
pigs, particle size of calcium carbonate does not affect 
the relative bioavailability of Ca (Ross et al., 1984), but to 
our knowledge, the impact of particle size on the digest-
ibility of Ca and on pig growth performance has not been 
reported. Therefore, the objective of this experiment was 
to determine if particle size of calcium carbonate influ-
ences the apparent total tract digestibility (ATTD) or the 
standardized total tract digestibility (STTD) of Ca or the 
growth performance of growing pigs.

MATERIALS AND METHODS

The Institutional Animal Care and Use Committee 
at the University of Illinois reviewed and approved 
the protocols describing animal procedures for the 2 
experiments. Pigs used in both experiments were the 
offspring of Line 359 boars mated to C46 females (Pig 
Improvement Company, Hendersonville, TN).

Experiment 1: Digestibility and Retention of Ca

Animals and Housing. Forty growing barrows 
(15.42 ± 0.70 kg average initial BW) were randomly al-
lotted to 5 experimental diets. Each diet was fed to 8 rep-
licate pigs using a randomized complete block design 
with BW being the blocking factor. Pigs were allotted 
to experimental diets using the Experimental Allotment 
Program (Kim and Lindemann, 2007). Pigs were indi-
vidually housed in metabolism crates equipped with a 
feeder, a nipple waterer, and a fully slatted floor. During 
collection of urine and feces, a screen, a urine pan, and 
a urine bucket were placed under each crate to allow for 
total collection of urine and feces.

Diets and Feeding. Four diets based on corn and 
potato protein isolate were formulated to contain iden-
tical concentrations of Ca and P, but the calcium car-
bonate (ILC Resources, Alden, IA) used in these di-
ets were ground to 4 different particle sizes (200, 500, 
700, or 1,125 μm). The same batches of all ingredients 
were used in all diets (Table 1). All diets contained 
the same amount of corn and potato protein isolate to 

keep the concentration of phytate constant among diets 
(Table  2). Diets were formulated to contain approxi-
mately 0.70% Ca and 0.33% STTD of P (Table 3). One 
additional diet that was similar to the other diets except 
that this diet contained no calcium carbonate was also 
formulated. This diet was considered calcium free and 
used to estimate the basal endogenous losses of Ca.

Pigs were offered feed at 3 times the maintenance 
requirement for energy (i.e., 197 kcal ME/kg BW0.60; 
NRC, 2012) for the duration of the experiment. The 
amount of feed offered was recorded daily. Orts were 
weighed, dried in a forced air oven at 65°C, and ac-
counted for in the calculation for feed consumption. 
Pigs were allowed free access to water at all times. The 
initial 5 d was an adaptation period to the diets, and fe-
cal samples originating from the feed that was provided 
from d 6 to 11 were quantitatively collected using the 
marker-to-marker approach (Adeola, 2001). On d 6, an 
indigestible marker (indigo carmine) was added to the 
morning meal to mark the beginning of fecal collec-
tion, and on d 11, ferric oxide was added to the morning 
meal to mark the conclusion of fecal collection. Fecal 
samples were stored at −20°C immediately after collec-
tion. Urine was collected every morning from d 6 to 11 
and a 20% subsample was stored at −20°C after collec-
tion. After each urine collection, 50 mL of 6 N HCL was 
added to each empty urine bucket. The stored urine was 
thawed and mixed at the conclusion of the experiment.

Sample Analyses

Fecal samples were dried in a forced-air oven at 65°C 
and ground using a 1-mm screen in a Wiley Mill (model 4; 
Thomas Scientific, Swedesboro, NJ). Urine samples were 
thawed at room temperature, mixed, and filtered, and a 
10-mL subsample of each urine sample was collected.

Ingredients and diets were analyzed for DM using a 
drying oven at 135°C for 2 h (method 930.15; AOAC, 
2007) and for ash (method 942.05; AOAC, 2007). Diets 

Table 1. Analyzed composition of ingredients (as-fed 
basis)

 
Ingredient

Ingredient, %
DM Ash Ca P

Ground corn (Exp. 1) 85.5 1.7 <0.01 0.19
Potato protein isolate (Exp. 1) 90.5 1.7 0.04 0.14
Calcium carbonate

200 μm 99.9 93.8 37.43 <0.01
500 μm 99.9 82.4 38.3 <0.01
700 μm 99.9 87.6 38.18 <0.01
1,125 μm 99.9 86.4 38.44 <0.01

Monosodium phosphate 99.5 91.5 0.03 27.89
Ground corn (Exp. 2) 86.4 1.3 0.01 0.24
Soybean meal (Exp. 2) 84.2 5.9 0.31 0.59
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were also analyzed for N using the combustion procedure 
(method 990.03; AOAC, 2007) on an Elementar Rapid 
N-cube protein/nitrogen apparatus (Elementar Americas 
Inc., Mt. Laurel, NJ), and CP was calculated as N × 6.25. 
Diets were analyzed for crude fat using ether extrac-
tion (method 920.39 (A); AOAC, 2007), ADF (method 
973.18; AOAC, 2007), NDF (Holst, 1973), and crude 
fiber (method 978.10; AOAC, 2007). Ingredient, diet, 
and urine samples were analyzed for Ca and P by induc-
tively coupled plasma spectroscopy (method 985.01 A, B, 
and C; AOAC, 2007) after wet ash sample preparation 
(method 975.03 B(b); AOAC, 2007). Fecal samples were 
analyzed for DM and for Ca and P as explained for diets.

Calculations and Statistical Analysis. The ATTD 
values of Ca and P were calculated according to stan-
dard procedures (NRC, 2012). The basal endogenous 
Ca losses (ECaL; mg/kg DMI) were determined from 
pigs fed the Ca-free diet according to the following 
equation (Almeida and Stein, 2010):

basal ECaL = (Cafeces/Fintake) × 1,000 × 1,000,

in which Cafeces is the average daily fecal Ca output 
(g) and Fintake is the ADFI (g of DM) from d 6 to 11. 
The daily basal ECaL in pigs fed the Ca-containing di-
ets was calculated by multiplying the calculated ECaL 
per kilogram DMI by the daily DMI of each pig.

By correcting ATTD values for the basal ECaL, 
the STTD (%) of Ca was calculated for each ingredi-
ent (Almeida and Stein, 2010):

STTD = [Caintake − (Cafeces − basal ECaL)/
Caintake] × 100.

Retention of Ca was calculated using the following 
equation (Petersen and Stein, 2006):

CaR = [(Caintake − Cafecal − Caurine)/Caintake] × 100,

in which CaR is Ca retention (%), Cafecal is Ca output in 
the feces, and Caurine is the total Ca output in the urine (g). 
The retention of P was also calculated using this equation.

Data were analyzed as a randomized complete 
block design using the MIXED procedure of SAS 
(SAS Inst. Inc., Cary, NC). The model contained diet 
as fixed effect and block as the random effect. To test 
for outliers, the UNIVARIATE procedure of SAS was 
used, but no outliers were identified. The experimental 
unit was the crate. Because differences among the 4 
sources of calcium carbonate in particle size were not 
evenly spaced among sources, the interactive matrix 
language procedure of SAS (PROC IML) was used 
to obtain appropriate coefficients, and polynomial 
contrasts were used to determine linear and quadratic 
effects of calcium carbonate particle size. Statistical 
significance was observed when P < 0.05 and tenden-
cies were considered at 0.05 ≤ P < 0.10.

Experiment 2: Growth Performance

Animals and Housing. One hundred twenty-eight 
pigs with an average initial BW of 9.61 ± 1.00 kg were 
randomly allotted to 4 experimental diets. There were 
4 pigs per pen and each experimental diet was fed to 8 
replicate pens. Pigs were housed in an environmentally 
controlled room and had free access to water via a nip-
ple waterer throughout the experiment. All pens were 
equipped with fully slatted floors. The Experimental 
Animal Allotment Program (Kim and Lindemann, 
2007) was used to allot pigs to experimental diets.

Diets and Feeding. Four corn–soybean meal–
based diets were formulated to contain identical con-
centrations of Ca and P, but the calcium carbonate used 
in the diets was ground to 4 different particle sizes 

Table 2. Ingredient composition of experimental diets, 
Exp. 1

 
Ingredient, %

Calcium carbonate particle size, μm  
Ca free200 500 700 1,125

Ground corn 75.60 75.60 75.60 75.60 77.30
Potato protein isolate 18.00 18.00 18.00 18.00 18.00
Soybean oil 3.00 3.00 3.00 3.00 3.00
Salt 0.40 0.40 0.40 0.40 0.40
Vitamin mineral premix1 0.20 0.20 0.20 0.20 0.20
Monosodium phosphate 0.98 0.98 0.98 0.98 0.98
Calcium carbonate 1.73 1.73 1.73 1.73 –
l-Lys HCl, 78% Lys 0.09 0.09 0.09 0.09 0.09

1The vitamin–mineral premix provided the following quantities of vitamins 
and microminerals per kilogram of complete diet: 11,136 IU vitamin A as reti-
nyl acetate, 2,208 IU vitamin D3 as cholecalciferol, 66 IU vitamin E as dl-α 
tocopheryl acetate, 1.42 mg vitamin K as menadione dimethylprimidinol bi-
sulfite, 0.24 mg thiamin as thiamine mononitrate, 6.59 mg riboflavin, 0.24 mg 
pyridoxine as pyridoxine hydrochloride, 0.03 mg vitamin B12, 23.5 mg d-pan-
tothenic acid as d-calcium pantothenate, 44.1 mg niacin, 1.59 mg folic acid, 
0.44 mg biotin, 20 mg Cu as copper sulfate, 126 mg Fe as iron sulfate, 1.26 mg 
I as ethylenediamine dihydriodide, 60.2 mg Mn as manganous sulfate, 0.25 
mg Se as sodium selenite and selenium yeast, and 124.9 mg Zn as zinc sulfate.

Table 3. Analyzed composition of experimental diets 
(as-fed basis), Exp. 1

 
Item, %

Calcium carbonate particle size, μm  
Ca free200 500 700 1,125

DM 87.05 87.06 87.13 87.20 86.62
CP 20.36 19.83 20.35 19.84 20.52
Crude fat 3.13 3.19 3.21 3.50 3.14
NDF 10.44 9.09 9.48 12.08 13.34
ADF 3.29 3.45 3.62 4.41 3.81
Crude fiber 2.09 2.12 2.21 2.17 2.14
Ash 3.83 3.93 3.80 3.98 2.16
Ca 0.68 0.70 0.82 0.67 0.02
P 0.47 0.50 0.53 0.48 0.44
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(200, 500, 700, or 1,125 μm). The 4 sources of calcium 
carbonate used in this experiment were from the same 
batches as those used in Exp. 1. All diets contained the 
same quantity of corn and soybean meal to keep the 
level of phytate constant among diets (Table 4). Diets 
were formulated to contain 0.70% total Ca and 0.33% 
standardized total tract digestible P (Table 5).

Pigs were allowed ad libitum access to feed 
throughout the experiment. Pigs were weighed at the 
beginning and at the conclusion of the 21-d experi-
ment. The amount of feed offered to each pen was re-
corded, and at the end of the experiment, the amount 
of feed left in the feeder was weighed and used to cal-

culate feed disappearance. All diets were analyzed for 
DM, ash, GE, CP, Ca, and P as explained for Exp. 1.

Statistical Analyses. Data were analyzed using lin-
ear and quadratic contrasts as explained for Exp. 1. The 
pen was the experimental unit and the α value was 0.05.

RESULTS

Experiment 1
Feed intake (g DM/d) and fecal output (g DM/d) 

were linearly (P < 0.01) reduced as the particle size 
was reduced (Table 6). Intake of Ca (g/d) and urine Ca 
output (g/d) also were reduced (linear, P < 0.05) as the 
particle size of calcium carbonate was reduced, and a 
tendency (P = 0.10) for a linear reduction in daily out-
put of Ca was observed as particle size was reduced.

The basal endogenous loss of ECaL was 0.329 ± 
0.035 g/kg DMI. No linear or quadratic effects of particle 
size were observed for ATTD of Ca (%), STTD of Ca 
(%), or retention of Ca, but daily basal endogenous loss 
of ECaL (g/d) was reduced (linear, P < 0.01) as particle 
size of calcium carbonate was reduced.

Phosphorus intake (g/d) and absorption of P were 
reduced (linear and quadratic, P < 0.05) and fecal P 

Table 4. Ingredient composition of experimental diets, 
Exp. 2

 
Ingredient, %

Calcium carbonate particle size, μm
200 500 700 1,125

Ground corn 63.47 63.47 63.47 63.47
Soybean meal 30.00 30.00 30.00 30.00
Soybean oil 3.00 3.00 3.00 3.00
Salt 0.40 0.40 0.40 0.40
Vitamin mineral premix1 0.20 0.20 0.20 0.20
Monosodium phosphate 0.70 0.70 0.70 0.70
Calcium carbonate 1.55 1.55 1.55 1.55
l-Lys HCl, 78% Lys 0.41 0.41 0.41 0.41
dl-Met 0.10 0.10 0.10 0.10
l-Thr 0.12 0.12 0.12 0.12

1The vitamin–micromineral premix provided the following quantities of vi-
tamins and microminerals per kilogram of complete diet: 11,136 IU vitamin A 
as retinyl acetate, 2,208 IU vitamin D3 as cholecalciferol, 66 IU vitamin E as 
dl-α tocopheryl acetate, 1.42 mg vitamin K as menadione dimethylprimidinol 
bisulfite, 0.24 mg thiamin as thiamine mononitrate, 6.59 mg riboflavin, 0.24 
mg pyridoxine as pyridoxine hydrochloride, 0.03 mg vitamin B12, 23.5 mg d-
pantothenic acid as d-calcium pantothenate, 44.1 mg niacin, 1.59 mg folic acid, 
0.44 mg biotin, 20 mg Cu as copper sulfate, 126 mg Fe as iron sulfate, 1.26 mg 
I as ethylenediamine dihydriodide, 60.2 mg Mn as manganous sulfate, 0.25 
mg Se as sodium selenite and selenium yeast, and 124.9 mg Zn as zinc sulfate.

Table 6. Apparent total tract digestibility (ATTD) and standardized total tract digestibility (STTD) of Ca in diets 
containing calcium carbonate ground to different particle sizes1

 
Item

Calcium carbonate particle size, μm  
SEM

P-value
200 500 700 1,125 Linear Quadratic

Feed intake, g DM/d 529 572 639 677 34 <0.01 0.55
Fecal output, g DM/d 60 59 70 75 4.52 <0.01 0.71
Ca in feces, % 2.07 1.97 2.09 1.97 0.15 0.73 0.93
Ca intake, g/d 4.17 4.52 5.04 5.34 0.27 <0.01 0.54
Ca feces, g/d 1.24 1.17 1.46 1.49 0.14 0.10 0.94
Ca in urine, g/d 0.29 0.36 0.52 0.48 0.07 0.02 0.24
Ca absorbed, g/d 2.93 3.34 3.57 3.85 0.25 0.01 0.55
ATTD of Ca, % 69.98 74.29 69.96 72.07 2.89 0.81 0.76
Endogenous2 Ca, g/d 0.17 0.19 0.21 0.22 0.01 <0.01 0.55
STTD of Ca, % 74.15 78.45 74.13 76.24 2.89 0.81 0.77
Ca retention, % 67.38 70.40 63.93 67.18 2.69 0.69 0.82

1Data are least squares means of 8 observations for all treatments.
2Basal endogenous losses were determined from pigs fed the Ca-free diet as 0.329 ± 0.035 g/kg DMI.

Table 5. Analyzed composition of experimental diets 
(as-fed basis), Exp. 2

 
Item

Calcium carbonate particle size, μm
200 500 700 1,125

DM, % 88.17 88.04 87.71 87.75
CP, % 16.72 16.95 19.31 18.00
GE, kcal/kg 4,023 3,997 3,935 3,953
Ash, % 0.04 0.04 0.05 0.05
Ca, % 0.70 0.86 0.73 0.69
P, % 0.52 0.55 0.50 0.55
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output was reduced (linear, P < 0.05) with reducing 
particle size of calcium carbonate, but no effect of par-
ticle size was observed for urine P output (Table 7). 
Likewise, no effects of calcium carbonate particle size 
on ATTD of P or retention of P (%) were observed.

Experiment 2

There were no linear or quadratic effects of the par-
ticle size of calcium carbonate on ADFI of pigs during 
the 21-d experimental period (Table 8). Likewise, ADG 
and G:F of pigs were neither linearly nor quadratically 
affected by the particle size of calcium carbonate.

DISCUSSION

Results of experiments using diets based on corn, 
potato protein isolate, monosodium phosphate, and cal-
cium carbonate indicate that the ATTD of Ca is between 
61 and 71% and the ATTD of P is between 47 and 61% 
(Stein et al., 2011; González-Vega et al., 2015a). Values 
obtained in this experiment were slightly greater, but 
less corn was included in diets used in this experiment, 
which may have influenced results because corn con-
tributes phytate to the diet and phytate may bind Ca 
and P and thus reduce digestibility. The ATTD of Ca in 
grain–soybean meal diets in which calcium carbonate 
supplied more than 85% of the Ca in the diet is between 
63 and 74% (Malde et al., 2010), and the ATTD of Ca in 
calcitic limestone fed to Japanese quail is 72% (Kim et 

al., 1985). Therefore, results of the present experiment 
are in good agreement with previous data.

Particle size of calcium carbonate did not influence 
the relative bioavailability of Ca in calcium carbonate 
if bone ash or bone breaking strength were used as 
the response criteria (Ross et al., 1984). However, we 
are not aware of any previous reports on the effects of 
particle size on the ATTD or STTD of Ca in calcium 
carbonate, but the present results indicate that pigs are 
able to digest and absorb Ca from calcium carbonate 
with the same efficiency if the particle size is between 
200 and 1,125 μm. As a consequence, retention of Ca is 
also not influenced by particle size of calcium carbon-
ate. This observation agrees with data from ruminants 
(Matsushima et al., 1955) and rats (Shahnazari et al., 
2009) but is different from data for poultry. Anatomical 
differences between chickens and pigs may explain 
why responses to particle size differ among species, be-
cause chickens have a crop and a gizzard and laying 
hens require the inclusion of larger particle size of cal-
cium carbonate to maintain a Ca reserve for overnight 
egg formation (Zhang and Coon, 1997).

Calcium from calcium carbonate is mostly absorbed 
in the proximal duodenum (González-Vega et al., 2014). 
Secretion of HCl from the stomach solubilizes Ca from 
calcium carbonate into the ionic form. Even if greater 
particle sizes reduce the absorption of Ca in the duode-
num, the pig may be able to absorb Ca later in the gas-
trointestinal tract, and as a result, ATTD of Ca may not 
be reduced. Data from a study that compared site of ab-
sorption of Ca from different sources of Ca indicated that 

Table 7. Apparent total tract digestibility (ATTD) of P in diets containing calcium carbonate ground to different 
particle size1

 
Item

Calcium carbonate particle size, μm  
SEM

P-value
200 500 700 1,125 Linear Quadratic

P intake, g/d 2.80 3.23 3.82 3.66 0.20 <0.01 0.02
P in feces, % 1.62 1.75 1.77 1.40 0.09 0.57 0.24
P in feces, g/d 1.00 1.07 1.32 1.35 0.08 <0.01 0.45
P in urine, g/d 0.08 0.10 0.10 0.08 0.03 0.91 0.60
ATTD of P, % 64.46 66.78 64.18 63.18 2.33 0.55 0.56
P absorbed, g/d 1.80 2.15 2.50 2.31 0.16 0.02 0.04
P retention, % 61.39 63.83 61.90 60.93 2.23 0.74 0.50

1Data are least squares means of 8 observations for all treatments.

Table 8. Growth performance of pigs fed diets containing calcium carbonate ground to different particle size, Exp. 21

 
Item

Calcium carbonate particle size, μm  
SEM

P-value
200 500 700 1,125 Linear Quadratic

Initial BW, kg 9.61 9.62 9.62 9.61 0.03 0.98 0.85
Final BW, kg 19.52 19.40 19.45 19.58 0.05 0.86 0.75
ADFI, g/d 728 733 731 738 2.0 0.69 0.97
ADG, g/d 472 466 468 475 1.6 0.85 0.72
G:F 0.649 0.637 0.640 0.643 0.001 0.81 0.58

1Data are least squares means of 8 observations per treatment.
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differences among Ca sources exist in terms of where in 
the gastrointestinal tract Ca is absorbed (González-Vega 
et al., 2014). It is, therefore, possible that particle size 
of Ca from calcium carbonate also influences the site of 
absorption of Ca, but research to determine the site of ab-
sorption of calcium carbonate within the intestinal tract 
will have to be conducted to answer that question.

In this experiment, basal endogenous losses of ECaL 
were 0.329 g/kg DMI. In previous experiments, values 
for endogenous losses ECaL have been reported in the 
range between 0.123 and 0.396 g/kg of DMI (González-
Vega et al., 2013, 2014, 2015a,b), so the value obtained 
in this experiment is within the range previously reported.

In Exp. 1, feed intake, and therefore, also Ca and 
P intake and output, were impacted by the particle size 
of calcium carbonate. This was surprising because 
pigs were offered the same amount of feed each day. 
The differences in ADFI therefore reflect differences 
in orts collected from the pigs, with increasing quan-
tities being collected as the particle size of calcium 
carbonate was reduced. Although ATTD and STTD 
values were not different among diets, the differences 
in feed intake were unexpected. The second experi-
ment was, therefore, conducted to determine if parti-
cle size of calcium carbonate influences feed intake of 
pigs that are allowed free access to commercial corn–
soybean meal–based diets. The observation that there 
were no effects of particle size of calcium carbonate 
on ADG, ADFI, or G:F of pigs in the second experi-
ment indicated that particle size does not affect feed 
intake in pigs fed corn–soybean meal–based diets. It 
is, therefore, likely that the differences in feed intake 
observed among treatments in Exp. 1 are a result of 
the semisynthetic diets used in that experiment.

Conclusions

Results from these experiments indicate that calci-
um carbonate can be included in swine diets at a broad 
range of particle sizes without impacting the digest-
ibility of Ca or P. The retention of Ca and P are also 
not influenced by the particle size of calcium carbon-
ate. Likewise, there is no influence of particle size of 
calcium carbonate on growth performance of wean-
ling pigs. It is therefore concluded that any particle 
size of calcium carbonate within the range from 200 to 
1,125 μm may be used in diets fed to pigs.

LITERATURE CITED
Adeola, O. 2001. Digestion and balance techniques in pigs. In: A. J. 

Lewis and L. L. Southern, editors, Swine nutrition. 2nd ed. CRC 
Press, Boca Raton, FL. p. 903–916.

Almeida, F. N., and H. H. Stein. 2010. Performance and phosphorus 
balance of pigs fed diets formulated on the basis of values for 
standardized total tract digestibility of phosphorus. J. Anim. Sci. 
88:2968–2977. doi:10.2527/jas.2009-2285

AOAC International. 2007. Official Methods of Analysis of AOAC 
Int. 18th ed. Rev. 2. W. Hortwitz and G. W. Latimer Jr., ed. 
AOAC Int., Gaithersburg, MD.

de Araujo, J. A., J. H. V. da Silva, F. G. P. Costa, J. M. B. de Sousa, P. 
E. N. Givisiez, and N. K. Sakomura. 2011. Effect of the levels of 
calcium and particle size of limestone on laying hens. Rev. Bras. 
Zootec. 40:997–1005. doi:10.1590/S1516-35982011000500009

Giesemann, M. A., A. J. Lewis, J. D. Hancock, and E. R. Peo Jr. 1990. 
Effect of particle size of corn and grain sorghum on growth and 
digestibility by growing pigs. J. Anim. Sci. 68(Suppl. 1):104 
(Abstr.).

González-Vega, J. C., C. L. Walk, Y. Liu, and H. H. Stein. 2013. 
Determination of endogenous intestinal losses of calcium 
and true total tract digestibility of calcium in canola meal fed 
to growing pigs. J. Anim. Sci. 91:4807–4816. doi:10.2527/
jas.2013-6410

González-Vega, J. C., C. L. Walk, Y. Liu, and H. H. Stein. 2014. The 
site of net absorption of Ca from the intestinal tract of growing 
pigs and effect of phytic acid, Ca level, and Ca source on Ca 
digestibility. Arch. Anim. Nutr. 68:126–142. doi:10.1080/1745
039X.2014.892249

González-Vega, J. C., C. L. Walk, and H. H. Stein. 2015a. Effects 
of microbial phytase on apparent and standardized total tract 
digestibility of calcium in calcium supplements fed to growing 
pigs. J. Anim. Sci. 93:2255–2264. doi:10.2527/jas.2014-8215

González-Vega, J. C., C. L. Walk, and H. H. Stein. 2015b. Effect of 
phytate, microbial phytase, fiber, and soybean oil on calculat-
ed values for apparent and standardized total tract digestibility 
of calcium and apparent total tract digestibility of phosphorus 
in fish meal fed to growing pigs. J. Anim. Sci. 93:4808–4818. 
doi:10.2527/jas.2015-8992

Guinotte, F., J. Gautron, Y. Nys, and A. Soumarmon. 1995. Calcium 
solubilisation and retention in the gastrointestinal tract in chicks 
(Gallus domesticus) as a function of gastric acid secretion inhi-
bition and of Ca carbonate particle size. Br. J. Nutr. 73:125–139. 
doi:10.1079/BJN19950014

Guinotte, F., Y. Nys, and F. de Monredon. 1991. The effects of particle 
size and origin of Ca carbonate on performance and ossifica-
tion characteristics in broiler chicks. Poult. Sci. 70:1908–1920. 
doi:10.3382/ps.0701908

Healy, B. J., J. D. Hancock, G. A. Kennedy, P. J. Bramel-Cox, K. 
C. Behnke, and R. H. Hines. 1994. Optimum particle size of 
corn and hard and soft sorghum for nursery pigs. J. Anim. Sci. 
72:2227–2236. 

Holst, D. O. 1973. Holst filtration apparatus for Van Soest detergent 
fiber analysis. J. AOAC. 56:1352-1356.

Kim, B. G., and M. D. Lindemann. 2007. A new spreadsheet method 
for the experimental animal allotment. J. Anim. Sci. 85(Suppl. 
2):112 (Abstr.).

Kim, Y. S., S. S. Sun, and K. H. Myung. 1985. A comparison of true 
available calcium with apparent available calcium values using 
6 calcium supplements for breeding Japanese quail. Korean J. 
Anim. Sci. 27:297–300.

Malde, M. K., I. E. Graff, H. Siljander-Rasi, E. Venäläinen, K. 
Julshamn, J. I. Pedersen, and J. Valaja. 2010. Fish bones – A high-
ly available calcium source for growing pigs. J. Anim. Physiol. 
Anim. Nutr. 94:e66–e76. doi:10.1111/j.1439-0396.2009.00979.x

Matsushima, J., T. W. Dowe, C. L. Comar, S. L. Hansard, and W. J. 
Visek. 1955. The effect of particle size on the utilization of bone 
meal and limestone by beef cattle. J. Anim. Sci. 14:1042–1049.



Merriman and Stein3850

NRC. 2012. Nutrient requirements of swine. 11th rev. ed. Natl. Acad. 
Press, Washington, DC.

Owsley, W. F., D. A. Knabe, and T. D. Tanksley Jr. 1981. Effect of 
sorghum particle size on digestibility of nutrients at the terminal 
ileum and over the total digestive tract of growing-finishing pigs. 
J. Anim. Sci. 52:557–566.

Petersen, G. I., and H. H. Stein. 2006. Novel procedure for estimat-
ing endogenous losses and measurement of apparent and true 
digestibility of phosphorus by growing pigs. J. Anim. Sci. 
84:2126–2132. doi:10.2527/jas.2005-479

Rao, K. S., D. A. Roland Sr., J. L. Adams, and W. M. Durboraw. 1992. 
Improved limestone retention in the gizzard of commercial leg-
horn hens. J. Appl. Poult. Res. 1:6–10. doi:10.1093/japr/1.1.6 

Rojas, O. J., and H. H. Stein. 2015. Effects of reducing the particle 
size of corn grain on the concentration of digestible and metabo-
lizable energy and on the digestibility of energy and nutrients 
in corn grain fed to growing pigs. Livest. Sci. 181:187–193. 
doi:10.1016/j.livsci.2015.09.013

Roland, D. A. 1986. Eggshell quality. IV: Oyster shell versus lime-
stone and the importance of particle size or solubility of cal-
cium source. Worlds Poult. Sci. J. 42:166–171. doi:10.1079/
WPS19860013

Ross, R. D., G. L. Cromwell, and T. S. Stahly. 1984. Effects of source 
and particle size on the biological availability of calcium in cal-
cium supplements for growing pigs. J. Anim. Sci. 59:125–134.

Shahnazari, M., B. R. Martin, L. L. Legette, P. J. Lachcik, J. Welch, 
and C. M. Weaver. 2009. Diet calcium level but not calcium 
supplement particle size affects bone density and mechani-
cal properties in ovariectomized rats. J. Nutr. 139:1308–1314. 
doi:10.3945/jn.108.101071

Stein, H. H., O. Adeola, G. L. Cromwell, S. W. Kim, D. C. Mahan, 
and P. S. Miller. 2011. Concentration of dietary calcium sup-
plied by Ca carbonate does not affect the apparent total tract 
digestibility of calcium, but decreases digestibility of phospho-
rus by growing pigs. J. Anim. Sci. 89:2139–2144. doi:10.2527/
jas.2010-3522

Wondra, K. J., J. D. Hancock, K. C. Behnke, R. H. Hines, and C. R. 
Stark. 1995. Effects of particle size and pelleting on growth per-
formance, nutrient digestibility, and stomach morphology in fin-
ishing pigs. J. Anim. Sci. 73:757–763.

Zhang, B., and C. Coon. 1997. The relationship of calcium intake, 
source, size, solubility in vitro and in vivo, and gizzard limestone 
retention in laying hens. Poult. Sci. 76:1702–1706. doi:10.1093/
ps/76.12.1702


