
 

 

1632

INTRODUCTION 
 
The diets for pigs must contain optimal amounts of 

phosphorus (P) to promote proper performance and avoid 

excessive excretion resulting in an increased environmental 
impact of pig production. The amount of total P (PTOT) in 
most of the ingredients used in diets for pigs is variable, as is 
the ratio of PTOT for animals (Rostagno et al., 2011). 

Availability is a way to express the P content in feedstuffs 
and is defined as the amount of P that is completely absorbed 
and utilized by the animal. Another measure used to express 
the P content in ingredients for pig diets is digestibility, 
which quantifies the digestive P disappearance. 

The digestibility can be expressed as apparent, 
standardized or true. The apparent digestibility is calculated 
by the difference between the ingested P (PING) and P 
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ABSTRACT: A study was conducted to compare the endogenous basal losses of phosphorus (EBLP) in pigs fed diets containing gelatin 
(GEL) or spray-dried porcine plasma (SDPP) as protein sources and to determine the standardized total tract digestibility (STTD) of 
phosphorus (P) in SDPP. The trial was carried out at the Federal University of Santa Maria, Brazil. Twelve castrated pigs with an initial 
body weight of 55 kg were individually allotted in metabolic crates during two 12-day periods, each with 7 days of adaptation and 5 days 
of total fecal collection. The beginning and the end of the collecting periods were determined according to the marker-to-marker approach, 
using ferric oxide as an indigestible marker. Pigs were submitted to four semi-purified diets, one being a P-free diet with 30% of GEL as 
the protein source and three were diets with 10%, 20%, and 30% inclusion of SDPP respectively. Data were subjected to analysis of 
variance and the model included the effects of period, animal and treatments; the results of the three diets with increased levels of SDPP 
were subjected to linear regression analysis. The intercept of the relation of between ingested P and absorbed P represented the EBLP, 
while the slope indicated the STTD of P in SDPP. The EBLP means obtained by P-free diet and regression method were compared with 
the Student t test. The EBLP were 128.95 mg/kg dry matter intake (DMI) and 153.63 mg/kg DMI (standard error = 77.0; p<0.06) using 
the P-free diet with GEL as the protein source and the regression method, obtained with diets containing increased levels of SDPP, 
respectively. The apparent digestibility of P was 87.9%, 94.2%, and 92.9% for the treatments containing 10%, 20%, and 30% inclusion of 
SDPP, respectively. The estimated STTD of P obtained with the linear regression was 97.4%. When the EBLP estimated by the P-free diet 
was used to corrected the apparent digestibility of P in diets containing SDPP, the STTD of P in SDPP was 96.9%, 98.8%, and 95.9% for 
10%, 20%, and 30% SDPP, respectively. Therefore, it can be concluded that SDPP can replace GEL to estimate the endogenous losses of 
P. In addition, the STTD of P in SDPP estimated with the P-free diet was 97.2% and it was 97.4% by the regression method, utilizing 
SDPP. (Key Words: Digestibility, Gelatin, Phosphorus, Pigs, Protein Sources, Regression) 
 

Copyright © 2016 by Asian-Australasian Journal of Animal Sciences 
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/), 

which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

* Corresponding Author: Vladimir de Oliveira. Tel: +55-55-3220 
8083, Fax: +55-55-96187157, E-mail: vladimir.oliveira@ufsm.br
1 Federal University of Pelotas, Pelotas, RS 96160-000, Brazil. 
2 Federal University of Rio Grande do Sul, Porto Alegre, RS 
91501-970, Brazil. 
3 Federal Institute of Rio Grande do Sul, Sertão, RS 99170-000,
Brazil. 
Submitted Jun. 27, 2015; Revised Oct. 2, 2015; Accepted Jan. 12, 2016 



Alves et al. (2016) Asian Australas. J. Anim. Sci. 29:1632-1638 

 

1633

recovered in feces. To obtain standardized and true 
digestibility values of P, it is necessary to have an estimate of 
endogenous losses of P, which comes from the salivary juice, 
gastric, biliary, pancreatic secretion and cell desquamation 
(Fan et al., 2001). In standardized digestibility, only the 
endogenous basal losses of phosphorus (EBLP) are 
considered (NRC, 2012), while in true digestibility, both 
basal and specific endogenous losses of P are considered. 

The standardized digestibility is a good alternative to 
expressing the P content of feedstuffs for pigs, mainly 
because fecal endogenous losses of P are relatively easy to 
measure. Several methods are used to determine the 
endogenous P, with the most common being the P-free diet 
and the regression method. In the first case, the idea is to 
supply a P-free diet for pigs and quantify the P recovered in 
feces (Petersen and Stein, 2006; Almeida and Stein, 2012). 
On the other hand, in the regression method diets with 
increasing levels of P are provided to the animals and the 
EBLP are determined by the intercept of the relationship 
between absorbed P (PABS) and PING (Fan et al., 2001). In 
theory, the use of both P-free diet and the method of 
regression make it possible to obtain estimates of EBLP 
(Almeida and Stein, 2010). 

The use of gelatin (GEL) as a protein source in P-free 
diets is recommended by authors who have studied this topic 
(Petersen and Stein, 2006). In Brazil, diets with low P content 
have been formulated with spray-dried porcine plasma 
(SDPP) as a protein source (Bünzen et al., 2012). Despite the 
low content and high digestibility of P present in the SDPP, 
its use can generate incorrect estimates of EBLP and, 
consequently, overestimate the standardized total tract 
digestibility (STTD) of P in pig feedstuff. One of the 
advantages of using the SDPP is the lower cost compared to 
GEL and the SDPP may be used as an alternative protein 
ingredient in P-free diets. However, no comparison of the 
endogenous losses with the GEL or SDPP as a protein source 
has been found in the literature. 

Therefore, one study was conducted with the purpose of 
comparing the EBLP in pigs fed diets containing GEL or 
SDPP as a source of protein and determine the STTD of P in 
SDPP. 

 
MATERIALS AND METHODS 

 
Experimental design, animals and diets 

The experiment was conducted in the Department of 
Animal Science of the Federal University of Santa Maria 
(UFSM); twelve castrated pigs from a commercial line with 
average weight of 55.0±2.5 kg were used. The animals were 
housed individually in metabolic cages equipped with 
feeders, drinkers and containers for the collection of feces 
and urine. The cages had variable widths and heights in order 
to adjust the area to the weight of the animal. The cages were 

kept in a room with a temperature range of 22°C±3°C with 
the aid of an air conditioner. 

The experimental period was divided in two consecutive 
phases with 12 days (seven days of adaptation to 
experimental conditions and five days for fecal collection). 
The animals were distributed through a balanced changeover 
design, with six replications. The treatments were four semi-
purified diets, one of which was free of P but had GEL as a 
protein source; the others contained 10%, 20%, or 30% of 
SDPP as the protein source (Table 1). The diets with the 
addition of SDPP were isocaloric and the ratio of calcium (Ca) 
and P (Ca:P) in all treatments was 1:1.5; the remainder of the 
minerals and vitamins were included to meet or exceed the 
recommendations of Rostagno et al. (2011). 

The animals received four meals (8:00, 11:30, 14:00, and 
17:30 h), in the amount of 75 g/kg BW0.75 per day. Daily feed 
refusals were collected, dried, weighed and discounted from 
the total amount provided. 

 

Table 1. Ingredients and chemical composition as feed basis of 
semi-purified diets with different spray-dried porcine plasma 
(SDPP) levels and phosphorus-free diet 

Items 
P-free 
diet 

Spray-dried porcine 
plasma (%) 

10 20 30 

Ingredient (%)     
Gelatin 30.00 - - - 
SDPP - 10.00 20.00 30.00
Starch 37.25 61.15 50.51 39.90
Sugar 20.00 20.00 20.00 20.00
Salt 0.40 - - - 
Soya oil 6.00 3.00 3.00 3.00
Cellulose 4.20 4.20 4.20 4.20
Limestone 0.20 0.50 1.00 1.50
L-threonine 0.30 0.03 0.05 0.05
DL-methionine 0.45 0.10 0.20 0.30
L-tryptophan 0.20 0.02 0.04 0.05
Vitamin/mineral premix1 1.00 1.00 1.00 1.00

ME (kcal/kg)3 3,215 3,504 3,510 3,516
Crude protein (%)3 28.20 7.20 14.50 21.70
Dry matter (%)2 90.83 89.99 90.34 90.59
Mineral matter (%)2 0.80 1.40 2.48 3.48
NDF (%)3 3.80 3.80 3.80 3.80
Calcium (%)3 0.09 0.21 0.43 0.64
Total phosphorus (%)2 0.01 0.14 0.29 0.43
Ca:P (%)3 - 1:1.5 1:1.5 1:1.5
ME, metabolizable energy; NDF, neutral detergent fiber; Ca, calcium.  
1 Amount/kg of vitamin and mineral premix: vitamin A 1,750,000 UI; 

vitamin D3 300,000 UI; vitamin E 10,000 mg; vitamin K3 400 mg; vitamin 
B1 250 mg; vitamin B2 750 mg; vitamin B6 250 mg; vitamin B12 3,000 mg; 
niacin 5,000 mg, Pantothenic Ac. 3,000 mg; choline, 3,000 mg; 
antioxidant 5,000 mg; Fe, 8,000 mg as iron sulfate; Cu, 1,200 mg as copper 
sulfate; Mn, 7,000 mg as manganese sulfate; Zn, 10,000 mg as zinc oxide.

2 Analyzed values. 
3 Calculated values according Rostagno et al. (2011), except gelatin (NRC,

1998), and amino acids (Sauvant, 2006). 
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Data and sample: collections and analysis 
The feces were collected according to the marker-to-

marker approach using ferric oxide (1%) as a marker. Feces 
were collected twice daily (Adeola, 2001), placed in plastic 
bags and kept in a freezer at –18°C. At the end of each period, 
the feces were thawed and homogenized, and an aliquot was 
removed for drying at 65°C in a forced air oven, before being 
milled for chemical analysis. The analyses of dry matter (DM, 
method 930.15), mineral matter (MM, method 942.05) and P 
(method 946.06) were performed according to AOAC (2005). 
P concentration in feed and fecal samples was determined by 
gravimetric procedures after wet ashing. 

The EBLP derived from diets with inclusion of SDPP 
was obtained by the regression method with the value of the 
intercept (Y) of the linear relationship between the PABS and 
PING, while the STTD of P in SDPP was obtained from the 
slope of the relationship mentioned previously (Fan et al., 
2001). For the method of P-free diet, the entire P recovered 
in the feces of pigs receiving a P-free diet was considered 
EBLP (Petersen and Stein, 2006). 

 
Statistical analysis 

The data were subjected to analysis of variance, using in 
the model fixed effects of animal, treatment and period. 
Means comparison was performed using the Tukey test for 
contrast between protein sources (GEL×SDPP) and within 
SDPP diets. Endogenous loss estimates were compared by 
the Student T test and the relations between PING and PABS 
were studied by linear regression procedures. The 
experimental unit was a pig. An alpha level below of 0.05 

was considered as statistically significant and values of alpha 
above 0.05 or below then 0.10 were considered tendency. All 
statistical analyses were performed using the statistical 
program MINITAB (2013). 

 
RESULTS AND DISCUSSION 

 
The animals remained healthy during the experimental 

period and feces samples were obtained without any problem. 
The GEL used to formulate the P-free diet showed 0.03% 

PTOT and was supplemented with DL-methionine, L-
threonine, and L-tryptophan to improve the quality of its 
protein (Table 1). The SDPP (AP 920) used in this study 
contained 1.4% total P. 

The dry matter intake (DMI) was different between the 
treatments (p<0.01; Table 2). The animals eating P-free diets, 
with GEL as a protein source, had DMI that was 18.5% 
lower (p<0.01) than animals fed diets with the inclusion of 
SDPP (1,128.6 vs. 1,382.4 g/d, respectively). It is possible 
that the lower intake observed in animals fed diets with GEL 
occurred due to the reduced palatability of this ingredient. 
However, in other experiments determining endogenous P 
with GEL as a protein source in a P-free diet, no problem 
with feed intake was observed (Kim et al., 2012; Rojas and 
Stein, 2012; Baker et al., 2013). 

The comparison between treatments with SDPP showed 
an intake that was 15% higher (p<0.01) in pigs ingesting 
diets with 20% of the ingredient tested and equality between 
the levels of 10% and 30%. At present, no explanations exist 
for the higher intake of pigs fed diets with intermediate levels 

Table 2. Apparent total tract digestibility of dry matter, mineral matter and phosphorus balance in growing pigs fed with P-free diet and 
the technique of simple regression 

Variables Gelatin 
Spray-dried porcine plasma (%) 

MSE 
Probability 

10 20 30 Animal Diet Period 

N 6 6 6 6 - - - - 

Live weight (kg) 54.87 58.32 61.21 60.10 - - - - 

Diet intake (g/d)1 1,242.34 1,450.94y 1,670.94x 1,470.60y 54.10 <0.01 >0.05 <0.01 

Recovered feces (g/d)1 477.20 939.20y 896.20y 1180.20x 84.80 >0.05 <0.01 <0.01 

DM in feces (g/d)1 51.32 83.81x 90.88x 101.25x 5.82 >0.05 <0.05 >0.05 

DM absorbed (g/d)1 1,077.30 1,222.00x 1,418.50y 1,230.70x 97.93 <0.05 <0.05 <0.05 

ATTD of DM (%)1 95.48 93.65x 93.83x 92.12x 0.64 >0.05 <0.05 >0.05 

MM intake (g/d)1 93.20 210.50z 349.70y 446.10x 18.20 >0.05 <0.01 <0.01 

MM in feces (g/d)1 5.94 6.71z 9.56y 11.46x 1.19 >0.05 <0.01 >0.05 

MM absorbed (g/d)1 87.20 203.80z 340.10y 434.60x 33.00 >0.05 <0.05 <0.05 

ATTD of MM (%)1 93.67 95.80z 97.10x 97.35x 0.64 >0.05 <0.05 <0.01 

P intake (g/d)1 0.02 2.15z 4.11y 5.50x 0.31 >0.05 <0.01 <0.05 

P in feces (g/d)1 0.16 0.26y 0.24y 0.39x 0.03 >0.05 <0.01 <0.01 

P absorbed (g/d)1 –0.14 1.89z 3.87y 5.11x 0.32 >0.05 <0.01 <0.05 

ATTD of P (%) - 87.90z 94.16x 92.91x 0.52 >0.05 <0.05 <0.01 

MSE, mean standard error; P, phosphorus; N, number of replications per treatment; DM, dry matter; ATTD, apparent total tract digestibility; MM, mineral 
matter; GEL, gelatin; SDPP, spray-dried porcine plasma.  
a Difference due to protein source (GEL×SDPP)(p<0.05). 
x, y, z Means of SDPP without common letter were significant (p<0.05). 
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of SDPP. 
The apparent total tract digestibility (ATTD) of DM was 

higher in the diet using GEL (p<0.05) compared with SDPP 
diets (95.5% and 93.2%, respectively). It is believed that 
these results were due to differences in the digestibility of dry 
matter between GEL and SDPP. On the other hand, the 
comparison between diets containing SDPP indicated no 
differences (p>0.05) between inclusion levels of SDPP. 

There were differences (p<0.01) in the MM intake 
between GEL and SDPP treatments. These results reflect the 
amount of MM present in GEL and SDPP (1.45% and 7.74%, 
respectively). However, the inverse occurred with the ATTD 
of MM, where the GEL diet provided an ATTD of MM that 
was around 3 percentage points lower (p<0.01) than the diet 
with SDPP. 

The diets with SDPP provided a P intake that was greater 
than that of the GEL diet, which was expected because GEL 
is virtually free of P. In the treatments with SDPP, there was 
a linear increase in PING with a higher SDPP level in the diet. 
The linearity in the relationship between the intake and 
excretion of P is one of the assumptions for validating the 
conclusions when using the regression method (Fan et al., 
2001; Stein et al., 2007). 

The EBLP measured in pigs receiving the P-free diet was 
128.95 mg/kg DMI; this value is about 8% lower than that 
found by Petersen and Stein (2006) using diets containing 30% 
GEL and pigs with an average weight of 53.1 kg. Sulabo and 
Stein (2013) obtained values that were 21% lower in one 
study including 20% GEL in the diet tested and using pigs 
with an average weight of 18 kg. When considering the 
number of considered studies, it was verified that the 
endogenous losses from P-free diets containing GEL as a 
source of protein had an average of 166.3 and standard 
deviation 35.8 mg/kg DMI (Petersen and Stein, 2006; 
Almeida and Stein, 2010; Almeida and Stein, 2012; Kim et 
al., 2012; Rojas and Stein, 2012; Baker et al., 2013; Sulabo 
and Stein, 2013). Thus, we realized that the estimated values 

in this study approached from average values reported in the 
literature. 

The results of endogenous losses and standardized 
digestibility of P in diets with SDPP were calculated by the 
technique of simple linear regression, using the methodology 
described by Fan et al. (2001). The relationship between 
PABS and PING indicated an intercept of 153 mg/kg DMI 
(standard error [SE] = 77.0, p<0.06) as an estimate of the 
EBLP in feces (Figure 1). For the analysis of data from the 
literature, it can be seen that EBLP estimated by the 
regression method are quite variable. In experiments with 
soybean meal as a source of P, for example, average values 
of 505 mg/kg DMI from EBLP have been found with a 
standard deviation of 270 mg/kg DMI (Fan et al., 2001; 
Ajakaiye et al., 2003; Zou et al., 2007a,b; Zhang et al., 2008; 
Akinmusire and Adeola, 2009). Differences in experimental 
conditions such as basal diet, housing, and animal genetics 
can determine these differences. Obviously, the good 
estimates of EBLP are important for feed evaluation, such as 
the maintenance requirements of P (Yang et al., 2007). 

The fecal content of P is due to unabsorbed P originating 
in the diet consumed by the animal and also the endogenous 
P. Endogenous losses, in turn, can be decomposed into basal 
or non-specific, and extra or specific, with the EBLP being 
attributed exclusively to the dry matter intake, and the latter 
being related to the composition of the test food (Mosenthin 
et al., 2000). In theory, it is expected that the regression 
method results estimate the EBLP similar to that obtained 
with a P-free diet, because the composition of the basal diet 
was similar for both methods. 

The aim of this study was to determine whether the EBLP 
with the method of regression, using the SDPP as a protein 
source, would be compatible with the basal losses estimated 
using P-free diets. The comparison between the endogenous 
losses shows that there was no difference (p>0.05) when it 
was obtained by the P-free method, with GEL as a protein 
source, or by the regression method. We emphasize, however, 

 
Figure 1. Relationship between absorbed phosphorus (mg/kg dry matter intake, DMI) and ingested phosphorus mg/kg DMI in diets with 
spray-dried porcine plasma with six observations per treatment. 
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that the P-free diet induced a loss that was approximately 
18% lower than the regression method (Figure 2). 

Therefore, it is suggested that the SDPP can serve as a 
source of amino acids in diets designed to estimate the EBLP. 
However, it must be considered that the digestibility of P in 
SDPP is high, but not 100%, which leads to the need to 
consider the indigestible fraction in the calculations of 
endogenous losses.  

Pigs with a body weight of 60 kg should ingest 6.4 g of 
digestible P (PDIG) a day (Rostagno et al., 2011). 
Considering a daily consumption of 2.3 kg DM and 
associating that consumption with our EBLP estimates, this 
implies that EBLP lost in the feces represent 7% of PDIG 
required by pigs (Rostagno et al., 2011). This value is 25% 
higher than that reported by Shen et al. (2002), which may be 
justified because the authors have obtained EBLP that are 4 
times higher than the average value obtained in this 
experiment. 

The comparison between the apparent digestibility 
values of P, with the standardized digestibility values of P 
(97.4%) obtained from the simple regression technique, is 
shown in Figure 3. The apparent digestibility of P was 87.9%, 
94.2%, and 92.9% for treatments with 10%, 20%, and 30% 
of SDPP inclusion, respectively. Apparent digestibility 
values increase in response to the higher consumption of P 
because the endogenous losses, when expressed as a 
percentage of total P recovered in the feces, decrease 
proportionately (Mosenthin et al., 2000; Stein et al., 2007). 
The estimated standardized digestibility of P (97.4%) 
generated by simple linear regression technique corrected the 
values for endogenous basal flux of P, which remain 
unchanged, independent of the P inclusion level (Yang et al., 
2007). 

The standardized digestibility value of P in the SDPP 
found in our experiment was 5 percentage points higher than 
that cited by Rostagno et al. (2011), but close to the value of 

 

Figure 3. Effect of ingested phosphorus mg/kg dry matter intake (DMI) in standardized and apparent digestibility with spray-dried porcine
plasma with six observations per treatment. 

Figure 2. Estimated values of endogenous phosphorus losses mg/kg dry matter intake (DMI) from phosphorus free diet or the regression
method with six observations per treatment. 



Alves et al. (2016) Asian Australas. J. Anim. Sci. 29:1632-1638 

 

1637

98% of standardized digestibility presented in the NRC 
(2012). This result demonstrates that the P in SDPP has high 
digestibility that is associated with low content, meaning that 
it can be recommended as a substitute for GEL in P-free diet. 

The apparent digestibility values of P obtained at 
different levels of inclusion of SDPP were corrected 
according to the equation suggested by Mosenthin et al. 
(2000): STTD of P in SDPP(%) = ATTD(%)+[(EBLP mg/kg 
DMI÷P content in the diet mg/kg DM)×100] by the basal diet 
loss obtained by the method of P-free diet, with GEL as a 
protein source; here, the values of 96.9%, 98.7%, and 95.9% 
(data are not shown) were found for the standard P 
digestibility for contents of 10%, 20%, and 30% inclusion of 
SDPP, respectively, and an average value of 97.2%. 

Stein et al. (2007) recommend that the basal amino acid 
flux be measured routinely in studies aiming to evaluate ileal 
digestibility. The suggestion comes from the observation that 
even with standardized experimental conditions and 
analytical procedures, discrepancies are detected. This same 
recommendation can be extended to studies whose purpose 
is to determine the EBLP. 

 
CONCLUSION 

 
SDPP can replace GEL as a protein source in P-free diets 

designed to determine endogenous losses of P. The EBLP 
showed an inevitable minimal loss of P for pigs of 141.3 
mg/kg DM intake. The STTD of P in the SDPP was 97.2%, 
as estimated by P-free diet and 97.4% using SDPP as a 
protein source. 
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