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INTRODUCTION

Spray-dried porcine plasma (SDPP) and spray-
dried bovine plasma (SDBP) are ingredients with a 
high concentration of very digestible protein, and nu-
merous studies have documented the benefits of feed-

ing diets containing SDPP to weaned pigs (Gatnau et 
al., 1989; Pérez-Bosque et al., 2016). Functional pro-
teins contained in animal plasma are responsible for 
the beneficial effects, and spray drying is a rapid heat-
ing process necessary for conserving the biological ac-
tivity of these proteins (Torrallardona, 2010). However, 
there is a risk of disease transmission when feeding im-
properly processed porcine-derived tissues to pigs, and 
feeding SDPP was associated with transmission of por-
cine epidemic diarrhea virus (PEDv) to nursery pigs 
(Pasick et al., 2014). This risk appears to be relatively 

Ultraviolet irradiation of spray-dried porcine plasma does not affect the growth 
performance of nursery pigs when compared with nonirradiated bovine plasma1

K. M. Cottingim,* L. J. Johnston,† A. M. Hilbrands,† G. C. Shurson,* and P. E. Urriola*2

*Department of Animal Science, University of Minnesota, St. Paul 55108;  
and †West Central Research and Outreach Center, University of Minnesota, Morris 56267

ABSTRACT: Ultraviolet light irradiation of spray-dried 
porcine plasma (SDPP) decreases the risk of disease 
transmission, but it may decrease the activity of bio-
active components in SDPP. Therefore, the objectives 
of this study were to determine growth performance, 
morbidity, and mortality responses of nursery pigs fed 
UV-irradiated SDPP (UV-SDPP) compared with nonir-
radiated spray-dried bovine plasma (SDBP). Pigs (n = 
480; 6.09 ± 2.4 kg initial BW) were blocked by initial 
BW, and blocks were assigned to pens. the sex ratio was 
equalized within blocks and pens. Pens were randomly 
assigned to 1 of 5 dietary treatments (8 pigs/pen and 12 
replicates/treatment) in a 3-phase feeding program (phase 
1 = d 0 to 13, phase 2 = d 14 to 27, and phase 3 = d 28 to 
55). Dietary treatments included a control diet without 
UV-SDPP or SDBP and diets containing 3% UV-SDPP, 
3% SDBP, 6% UV-SDPP, or 6% SDBP during phase 
1. Diets were formulated to meet or exceed nutrient 
requirements and contained the same concentrations of 
standardized ileal digestible Lys and Lys:ME ratio with-
in phases. Pigs were provided ad libitum access to diets 
throughout the 55-d experiment. Dietary inclusion rates 
during phase 2 were reduced to 1.5% UV-SDPP, 1.5% 

SDBP, 3% UV-SDPP, and 3% SDBP, and all pigs were 
fed a common diet without UV-SDPP or SDBP during 
phase 3. Growth performance data were analyzed as a 
2 × 2 factorial arrangement of treatments with a control 
within a completely randomized block design to evalu-
ate the main effects of plasma processing (UV irradiated 
vs. nonirradiated) and dietary inclusion level, and block, 
room, and pen were random effects. In phase 1, there 
were no differences in G:F among treatments, but pigs 
fed 6% UV-SDPP and 6% SDBP had greater (P < 0.01) 
ADG (0.11 vs. 0.08 kg/d) and ADFI (0.17 vs. 0.15 kg/d) 
than pigs fed the control, 3% SDBP, and 3% UV-SDPP 
diets. After phase 1 (d13), feeding UV-SDPP or SDBP 
increased (P = 0.02) the BW of pigs. In phases 2 and 3 
and the overall feeding period (d 0 to 55), there were 
no differences in ADG, ADFI, and G:F among dietary 
treatments. There was a linear decrease (P < 0.01) in 
mortality of nursery pigs as dietary inclusion rate of 
SDBP and UV-SDPP increased. In conclusion, feed-
ing SDBP or UV-SDPP diets improved ADG and ADFI 
during the first 2 wk after weaning due to improved feed 
consumption, and UV irradiation appeared to have no 
detrimental effects on the feeding value of SDPP.
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low because spray drying inactivates porcine circovirus 
(Pujols et al., 2008, 2011; Shen et al., 2011) and porcine 
reproductive and respiratory syndrome virus (Polo et 
al., 2005). Likewise, spray drying appears to inactivate 
PEDv (Gerber et al., 2014; Pujols and Segalés, 2014). 
In fact, a recent risk analysis indicated low to negligible 
probability of PEDv transmission among herds of pigs 
consuming SDPP (Sampedro et al., 2016).

In spite of evidence suggesting low risk of virus 
transmission, additional procedures that may mitigate 
risk of virus transmission through SDPP need to be eval-
uated. Ultraviolet irradiation effectively inactivated por-
cine parvovirus in liquid bovine plasma in a pilot scale 
facility (Polo et al., 2015). However, no studies have 
evaluated the impact of UV irradiation at a commercial 
facility on the functional properties of SDPP. Also, there 
are no data on the effect of UV-irradiated SDPP (UV-
SDPP) on growth performance of pigs under a mild 
disease challenge. Therefore, the objective of this study 
was to compare growth performance, morbidity, and 
mortality of nursery pigs fed a source of commercially 
produced UV-SDPP with a source of SDBP that was not 
irradiated under unsanitary environment.

MATERIALS AND METHODS

This experiment was conducted with approval of 
the University of Minnesota Institutional Animal Care 
and Use Committee (1507-32795A).

Animals and Housing

This study was conducted in the confinement nurs-
ery facility located at the University of Minnesota West 
Central Research and Outreach Center in Morris, MN. 
Pigs were housed in a mechanically ventilated, tem-
perature-controlled facility that was not cleaned or dis-
infected after the previous group of pigs occupied the 
nursery. We chose this unsanitary environmental model 
to provide a mild and nonspecific disease challenge, 
which has been shown to cause a 12% decrease in ADG 
(Zhao et al., 2007) and a 5% decrease in ADFI after 
weaning (Pastorelli et al., 2012). The magnitude of this 
decrease in ADG and ADFI is comparable to changes 
observed under field conditions (Pastorelli et al., 2012).

Weaned pigs (n = 480) that were the offspring of 
Line 2 sows mated to Line 359 sires (Pig Improvement 
Company, Hendersonville, TN), with an initial BW of 
6.09 ± 2.4 kg, were obtained from a commercial unit 
located within 40 km of the research site. The sow 
herd was negative for porcine reproductive respira-
tory syndrome virus. Pigs were 19 d of age at weaning 
and were vaccinated at the sow unit 2 d prior to wean-
ing with 1 mL CircoFLEX-2 (Boehringer Ingelheim 

Vetmedica Inc., St. Joseph, MO) and 1 mL Micoflex 
(Boehringer Ingelheim Vetmedica Inc.) along with 
oral vaccines Arko Entero Vac (K-88 Escherichia 
coli; ARKO Laboratories, Ltd., Jewell, IA) and Arko 
Edema Vac (F-18 E. coli; ARKO Laboratories, Ltd.).

Sixty nursery pens (2.4 by 1.2 m) distributed in 2 
similar rooms were used. Each pen was equipped with 
partitions constructed of vertical steel rods and plastic 
grate flooring and contained one 4-hole, stainless steel, 
dry self-feeder and 1 cup drinker. Pigs were provided 
ad libitum access to feed and water for 55 d. The 2 
nursery rooms were equipped with water medicators 
(Dosatron International, Tresses, France). If pigs re-
quired medical intervention, the date, pig identifica-
tion number, pen number, amount and type of medi-
cation administered, route of administration, and the 
withdrawal period were recorded.

Only pigs that were vigorous, structurally sound, 
and healthy were selected for the experiment. Pigs 
were assigned to blocks based on initial BW, and 
blocks were randomly assigned to 1 of 60 pens. Each 
pen contained 8 pigs, and pen served as the experi-
mental unit. Pens were randomly allotted to 1 of 5 
treatments in a complete randomized block design. 
Initial BW was balanced across rooms, and the sex ra-
tio between gilts and barrows within pens was equal-
ized within blocks and treatments.

Diets

The SDBP and UV-SDPP used in this experi-
ment were obtained from APC Inc. (Ankeny, IA). The 
UV-SDPP manufacturing lot (AP 920; lot number 
D512524004-8) used in this study was PCR positive 
(cycle time [Ct] = 32) for PEDV, whereas the SDBP 
was PCR negative (Ct > 40), at the time of manufactur-
ing based on analysis done at the Veterinary Diagnostic 
Laboratory at Iowa State University (Ames, IA). The 
UV irradiation method used is a proprietary process 
but is similar to the conditions for UV irradiation of 
SDPP described by Polo et al. (2015) and was adapted 
to commercial-scale production. All diets were formu-
lated to meet or exceed NRC (2012) requirements for 
pigs with 6.5 kg initial BW. Diets contained 3,400 ME 
kcal/kg with a 5% safety margin for Lys:ME ratio and 
P and contained no antibiotics. All diets were fed in 
meal form in 3 phases (phase 1 = d 0 to 13, phase 2   
d 14 to 27, and phase 3 = d 28 to 55). In phase 1, a 
control diet (CON) without UV-SDPP or SDBP and 
4 diets containing either 3 or 6% UV-SDPP or nonir-
radiated SDBP were fed (Table 1). The inclusion of 
soybean meal in phase 1 diets was limited to 25%, 
and AA from UV-SDPP or SDBP were replaced using 
soy protein concentrate (Soycomil-P; Archer Daniels 



Cottingim et al.3122

Midland Company, Decatur, IL) to meet the standard-
ized ileal digestible AA requirements (Makkink et al., 
1994; NRC, 2012). In phase 2, dietary inclusion rates 
of SDBP and UV-SDPP were reduced by 50% to pro-
vide 1.5 or 3% of each source of spray-dried plasma, 

and ingredient concentrations were adjusted to meet 
all nutrient requirements of pigs during this phase 
(Table 2). For phase 3, all pigs were fed a common 
diet without SDBP or UV-SDPP (Table 3).

Table 1. Ingredient, energy, and nutrient composition of diets fed during phase 1 (d 0 to 13 after weaning; as-fed basis)

 
Item

 
CON1

SDBP1 UV-SDPP1

3% 6% 3% 6%
Ingredient composition, %

Corn 40.02 41.93 43.85 41.93 43.85
Soybean meal, 47.5% CP 25.00 25.00 25.00 25.00 25.00
Soy protein concentrate 9.66 4.83 – 4.83 –
Spray-dried whey 20.00 20.00 20.00 20.00 20.00
Spray-dried plasma – 3.00 6.00 3.00 6.00
Soybean oil 1.59 1.62 1.67 1.62 1.67
Monocalcium phosphate, 21% P 1.34 1.20 1.05 1.20 1.05
Limestone 1.10 1.19 1.28 1.19 1.28
Salt 0.10 0.10 0.10 0.10 0.10
Vitamin and trace mineral premix2 0.50 0.50 0.50 0.50 0.50
l-Lys HCl 0.37 0.36 0.35 0.36 0.35
dl-Met 0.23 0.21 0.16 0.21 0.16
l-Thr 0.09 0.07 0.04 0.07 0.04
Total 100.00 100.00 100.00 100.00 100.00

Calculated nutrient composition
ME, kcal/kg 3,400 3,400 3,400 3,400 3,400
DM, % 90.98 90.85 90.71 90.85 90.71
CP, % 24.34 23.64 22.94 23.64 22.94
Lactose, % 14.58 14.58 14.58 14.58 14.58
ADF, % 2.90 2.74 2.58 2.74 2.58
NDF, % 6.48 6.26 6.05 6.26 6.05
Ca, % 0.89 0.89 0.89 0.89 0.89
P, % 0.78 0.76 0.74 0.76 0.74
Digestible P,3 % 0.47 0.47 0.47 0.47 0.47
Na, % 0.39 0.35 0.43 0.35 0.43
Lys, % 1.70 1.71 1.71 1.71 1.71
Lys:ME ratio, g/Mcal 4.56 4.56 4.56 4.56 4.56
SID4 Lys, % 1.55 1.55 1.55 1.55 1.55
SID Met:Lys ratio, % 35 33 29 33 29
SID Met + Cys:Lys ratio, % 57 57 57 57 57
SID Thr:Lys ratio, % 59 59 59 59 59
SID Trp:Lys ratio, % 17 17 18 17 18

Analyzed composition, %
CP 23.90 23.16 23.89 23.85 22.66
Lys 1.71 1.63 1.60 1.66 1.60
Met 0.52 0.45 0.45 0.47 0.41
Met + Cys 0.86 0.87 0.83 0.84 0.81
Thr 1.00 1.03 1.03 1.04 0.97
Trp 0.33 0.33 0.34 0.34 0.34

1CON = control diet; SDBP = spray-dried bovine plasma (not irradiated); UV-SDPP = UV-irradiated spray-dried porcine plasma. The spray-dried por-
cine plasma was positive to porcine epidemic diarrhea virus by PCR (cycle time = 32).

2Vitamin and trace mineral premix supplied the following nutrients per kilogram of diet: 2,200,000 IU of vitamin A as retinyl acetate, 550,000 IU of vitamin 
D3, 17,600 IU of vitamin E as dl-alpha tocopheryl acetate, 880 mg of vitamin K as menadione dimethylpyrimidinol bisulfite, 1,980 mg of riboflavin, 11,000 
mg of niacin, 6,600 mg of pantothenic acid as d-calcium pantothenate, 99,000 mg of choline as choline chloride, 11 mg of vitamin B12, 440 mg of pyridoxine, 
330 mg of folic acid, 220 mg of thiamine, 66 mg of biotin, 440 mg of iodine as ethylenediamine dihydroiodide, 59 mg of selenium as sodium selenite, 18,040 
mg of zinc as zinc sulfate, 11,000 mg of iron as ferrous sulfate, 1,100 mg of copper as copper sulfate, and 3,520 mg of manganese as manganese oxide.

3Standardized total tract digestible phosphorus.
4SID = standardized ileal digestible.
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Husbandry, Clinical Signs, and Medications

Pigs were observed twice daily (0800 and 1600 h) 
for general signs of poor health. A medication proto-
col was established a priori to avoid bias of medication 
administration among dietary treatments. Individual 

antibiotic treatments were administered when pigs dis-
played signs of being lethargic or had poor locomotion 
or severe diarrhea. Once the threshold of 3% mortality 
was reached in this nonspecific disease challenge en-
vironment, pigs were placed on electrolytes (Bluelite; 

Table 2. Ingredient, energy, and nutrient composition of diets fed during phase 2 (d 14 to 27 after weaning; as-fed basis)

 
Item

 
CON1

SDBP1 UV-SDPP1

1.50% 3.00% 1.50% 3.00%
Ingredient composition, %

Corn 51.19 52.38 53.54 52.38 53.54
Soybean meal, 47.5% CP 37.00 37.00 37.00 37.00 37.00
Soy protein concentrate 5.00 2.50 – 2.50 –
Spray-dried plasma – 1.50 3.00 1.50 3.00
Soybean oil 2.79 2.75 2.72 2.75 2.72
Monocalcium phosphate, 21% P 1.67 1.60 1.53 1.60 1.53
Limestone 1.07 1.12 1.16 1.12 1.16
Salt 0.40 0.31 0.23 0.31 0.23
Vitamin and trace mineral premix2 0.50 0.50 0.50 0.50 0.50
l-Lys HCl 0.23 0.22 0.22 0.22 0.22
dl-Met 0.12 0.11 0.10 0.11 0.10
l-Thr 0.03 0.01 – 0.01 –
Total 100.00 100.00 100.00 100.00 100.00

Calculated nutrient composition
ME, kcal/kg 3,400 3,400 3,400 3,400 3,400
DM, % 89.37 89.29 89.20 89.29 89.20
CP, % 25.36 24.98 24.60 24.98 24.60
Crude fat, % 2.62 2.57 2.51 2.57 2.51
ADF, % 3.65 3.57 3.50 3.57 3.50
NDF, % 8.11 8.01 7.92 8.01 7.92
Ca, % 0.84 0.84 0.84 0.84 0.84
P, % 0.79 0.78 0.77 0.78 0.77
Digestible P,3 % 0.42 0.42 0.42 0.42 0.42
Na, % 0.20 0.20 0.20 0.20 0.20
Total Lys, % 1.61 1.61 1.61 1.61 1.61
Lys:ME ratio, g/Mcal 4.26 4.26 4.26 4.26 4.26
SID4 Lys 1.45 1.45 1.45 1.45 1.45
SID Met:Lys ratio, % 32 31 30 31 30
SID Met + Cys:Lys ratio, % 56 55 56 55 56
SID Thr:Lys ratio, % 59 59 59 59 59
SID Trp:Lys ratio, % 19 20 20 20 20

Analyzed composition, %
CP 24.40 23.38 23.90 23.34 23.62
Lys 1.56 1.69 1.59 1.68 1.64
Met 0.44 0.44 0.38 0.41 0.39
Met + Cys 0.77 0.82 0.73 0.79 0.75
Thr 0.89 0.96 0.89 0.92 0.89
Trp 0.33 0.32 0.33 0.32 0.33

1CON = control diet; SDBP = spray-dried bovine plasma (not irradiated); UV-SDPP = UV-irradiated spray-dried porcine plasma. The spray-dried por-
cine plasma was positive to porcine epidemic diarrhea virus by PCR (cycle time = 32).

2Vitamin and trace mineral premix supplied the following nutrients per kilogram of diet: 2,200,000 IU of vitamin A as retinyl acetate, 550,000 IU of vitamin 
D3, 17,600 IU of vitamin E as dl-alpha tocopheryl acetate, 880 mg of vitamin K as menadione dimethylpyrimidinol bisulfite, 1,980 mg of riboflavin, 11,000 
mg of niacin, 6,600 mg of pantothenic acid as d-calcium pantothenate, 99,000 mg of choline as choline chloride, 11 mg of vitamin B12, 440 mg of pyridoxine, 
330 mg of folic acid, 220 mg of thiamine, 66 mg of biotin, 440 mg of iodine as ethylenediamine dihydroiodide, 59 mg of selenium as sodium selenite, 18,040 
mg of zinc as zinc sulfate, 11,000 mg of iron as ferrous sulfate, 1,100 mg of copper as copper sulfate, and 3,520 mg of manganese as manganese oxide.

3Standardized total tract digestible phosphorus.
4SID = standardized ileal digestible.
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TechMix, LLC, Stewart, MN) to reduce dehydration 
caused by diarrhea. If this health management practice 
was unsuccessful and over 3% overall mortality was 
reached, pigs were then administered amoxicillin (West-

Ward Pharmaceutical Corp., Eatontown, NJ) through 
the drinking water using automatic water medicators.

Data Collection

Pigs were individually weighed on d 0, 6, 13, 20, 27, 
and 55 (the exit of the nursery). Feed disappearance from 
the feeder in each pen was recorded on each weigh day. 
These data were used to calculate ADG, ADFI, and gain 
efficiency (G:F). Morbidity was calculated as the num-
ber of individual pigs treated with antibiotic in each pen 
divided by the total number of pigs assigned to each pen 
within diet, where a value greater than 100% corresponds 
to pigs treated more than once during the duration of the 
study. Percentage mortality in each dietary treatment was 
calculated using the number of dead pigs from each pen 
divided by the initial number of pigs in each pen.

Laboratory Analysis

Feed samples (11 samples) were retained and fro-
zen at −20°C until nutrient analysis was conducted. 
Samples were submitted to the Agricultural Experiment 
Station Chemical Laboratories (University of Missouri, 
Columbia, MO) for DM, CP, crude fat, and AA analy-
sis. Standard procedures from the AOAC International 
(AOAC, 2012) were followed for analysis of DM (meth-
od 930.15), crude fat (method 920.39), and CP (method 
990.03). A complete AA profile (method 982.30 E, in-
cluding sections a, b, and c) was performed by subsam-
pling diets 2 different times for analysis, and the aver-
age AA concentrations of these separate AA analyses 
are reported (Tables 1, 2, and 3). In addition, all feed 
samples were analyzed for transmissible gastroenteri-
tis virus, porcine delta corona virus, and PEDv genome 
at the University of Minnesota Veterinary Diagnostic 
Laboratory in St. Paul, MN, approximately 12 mo after 
diets were manufactured. The Ct of the PCR was used to 
express the concentration of virus genomic material in 
the samples, where Ct > 40 is considered negative and 
Ct < 40 is considered positive.

Statistical Analysis

Growth performance (e.g., BW, ADG, ADFI, and 
G:F), morbidity, and mortality data were statistically 
analyzed as a 2 × 2 factorial arrangement of treatments 
with a control within a complete randomized block de-
sign, with individual pen serving as the experimental 
unit. The GLIMMIX procedure of SAS (version 9.3; 
SAS Inst. Inc., Cary, NC) was used to evaluate the main 
effects of spray-dried plasma processing (irradiated vs. 
nonirradiated) and inclusion level (none, low, or high) 
of the spray-dried plasma in the diets, and block and 

Table 3. Ingredient, energy, and nutrient composition 
of diets fed during phase 3 (d 28 to 55 after weaning; 
as-fed basis)
Item Control diet
Ingredient composition %

Corn 65.80
Soybean meal, 47.5% CP 30.31
Monocalcium phosphate, 21% P 1.36
Limestone 0.97
Salt 0.44
Vitamin/mineral premix1 0.50
l-Lys HCl 0.40
dl-Met 0.11
l-Thr 0.11
Total 100.00

Calculated nutrient composition
ME, kcal/kg 3,300
DM, % 89.65
CP, % 20.39
Crude fat, % 3.48
ADF, % 3.48
NDF, % 9.01
Ca, % 0.72
P, % 0.68
Digestible P,2 % 0.35
Na, % 0.20
Lys, % 1.40
Lys:ME ratio, g/Mcal 3.85
SID3 Lys 1.27
SID Met:Lys ratio, % 31
SID Met + Cys:Lys ratio, % 55
SID Thr:Lys ratio, % 59
SID Trp:Lys ratio, % 17

Analyzed composition, %
CP 19.36
Lys 1.41
Met 0.40
Met + Cys 0.77
Thr 0.92
Trp 0.29

1Vitamin and trace mineral premix supplied the following nutrients per 
kilogram of diet: 2,200,000 IU of vitamin A as retinyl acetate, 550,000 IU 
of vitamin D3, 17,600 IU of vitamin E as dl-alpha tocopheryl acetate, 880 
mg of vitamin K as menadione dimethylpyrimidinol bisulfite, 1,980 mg of 
riboflavin, 11,000 mg of niacin, 6,600 mg of pantothenic acid as d-calcium 
pantothenate, 99,000 mg of choline as choline chloride, 11 mg of vitamin 
B12, 440 mg of pyridoxine, 330 mg of folic acid, 220 mg of thiamine, 66 
mg of biotin, 440 mg of iodine as ethylenediamine dihydroiodide, 59 mg of 
selenium as sodium selenite, 18,040 mg of zinc as zinc sulfate, 11,000 mg 
of iron as ferrous sulfate, 1,100 mg of copper as copper sulfate, and 3,520 
mg of manganese as manganese oxide.

2Standardized total tract digestible phosphorus.
3SID = standardized ileal digestible.
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room were random effects. However, after analysis, 
there were no significant interactions with room or pen, 
resulting in block as the main random effect. Repeated 
measures over time were used to account for the effect 
of multiple weigh days. The statement for Poisson distri-
bution was used for morbidity and mortality data. Linear 
and quadratic orthogonal polynomial effects were tested 
with the CONTRAST option of SAS to evaluate differ-
ences among diets containing different levels of non-
UV-irradiated vs. UV-irradiated spray-dried plasma 
and using the CON as 0% inclusion for both types of 
plasma. Data were analyzed using the UNIVARIATE 
procedure of SAS to evaluate normality of model re-
siduals. When appropriate, means were separated using 
Tukey’s adjustment and reported as least squares means. 
No pen data were removed from the data set as outliers 
due to the high variance among treatments. Effects were 
considered significant at P < 0.05, whereas trends were 
reported when 0.05 ≤ P ≤ 0.10.

RESULTS AND DISCUSSION

Growth Performance
During phase 1, ADG of pigs fed 6% SDBP and 

6% UV-SDPP was greater (P < 0.05) than that of pigs 
fed 3% SDBP or 3% UV-SDPP, but ADG of pigs fed 
3% SDBP and 3% UV-SDPP was not different from 
that of pigs fed the CON (Table 4). The improvement 
in ADG appeared to be a result of greater ADFI (P 
< 0.05) of pigs fed 6% SDBP or 6% UV-SDPP com-
pared with pigs fed 3% SDBP or 3% UV-SDPP dur-
ing the first 2 wk after weaning. Greater ADFI and 
ADG resulted in heavier (P = 0.02) pigs at d 13 when 
pigs were fed diets containing 6% SDBP or UV-SDPP. 
There were no differences in G:F among dietary treat-
ments. A meta-analysis of 5 experiments suggests a 
43% increase in ADG of pigs fed SDBP compared 
with pigs fed the control diets during the first week af-
ter weaning (Torrallardona, 2010). This magnitude of 

Table 4. Effects of feeding diets containing nonirradiated spray-dried bovine plasma (SDBP) and UV-irradiated 
spray-dried porcine plasma (UV-SDPP) on growth performance of nursery pigs

 
Item

 
CON1

SDBP1 UV-SDPP1  
SE2

P-value
Low High Low High Overall Linear Quadratic

Number of pens 12 12 12 12 12
Phase 1 (d 0–13)

ADG, kg 0.08ab 0.08ab 0.11c 0.07a 0.11c 0.01 0.01 0.63 <0.01
ADFI, kg 0.15bc 0.14ab 0.16c 0.13a 0.17c 0.01 0.01 0.21 <0.01
G:F 0.43 0.48 0.62 0.41 0.56 0.12 0.28 0.81 0.07

Phase 2 (d 14–27)
ADG, kg 0.48 0.46 0.47 0.45 0.46 0.02 0.30 0.07 0.57
ADFI, kg 0.57 0.54 0.54 0.52 0.55 0.02 0.17 0.02 0.85
G:F 0.85 0.85 0.86 0.85 0.83 0.01 0.34 0.69 0.25

Phase 3 (d 28–55)
ADG, kg 0.71 0.71 0.74 0.73 0.71 0.02 0.48 0.39 0.62
ADFI, kg 1.24 1.22 1.24 1.22 1.23 0.03 0.91 0.57 0.75
G:F 0.57 0.58 0.59 0.60 0.58 0.01 0.45 0.13 0.79

Overall (d 0 to 55)
ADG, kg 0.37 0.36 0.38 0.35 0.37 0.02 0.29 0.40 0.16
ADFI, kg 0.53 0.52 0.53 0.51 0.53 0.02 0.43 0.14 0.37
G:F 0.67 0.66 0.71 0.65 0.67 0.03 0.32 0.69 0.11

BW
d 0, kg 6.09 6.09 6.09 6.09 6.08 <0.01 0.86 NA3 NA
d 6, kg 6.22 6.20 6.38 6.20 6.32 0.33 0.21 0.72 0.13
d 13, kg 7.28 7.22 7.64 7.08 7.59 0.40 0.02 0.16 0.09
d 20, kg 10.18 9.75 10.21 9.53 9.99 0.49 0.06 0.60 0.85
d 27, kg 14.30 13.83 14.25 13.56 13.99 0.65 0.11 0.77 0.56
d 55, kg 34.55 33.65 34.86 33.97 34.05 1.06 0.36 0.52 0.76

a–cMeans of 12 replicates with different superscripts differ at (P > 0.05) using Tukey’s adjustment of SAS (SAS Inst. Inc., Cary, NC) to determine the 
least squares means. There was no linear or quadratic effect (P > 0.05).

1CON = control diet (corn and soybean meal). The SDBP treatment consisted of the CON + SDBP (not irradiated) and the UV-SDPP treatment consisted 
of CON + UV-SDPP. Low = inclusion of SDBP or spray-dried porcine plasma at 3% in phase 1 diet and 1.5% in phase 2 diet; High = inclusion of SDBP 
or spray-dried porcine plasma at 6% in phase 1 diet and 3% in phase 2 diet. All pigs were fed the same diet during phase 3.

2A total of 480 pigs (8 pigs per pen and 12 pens per treatment) with an average initial BW of 6.09 kg were used in the study.
3NA = Not available.
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improvement in ADG is similar to the 38% observed 
in the current experiment for pigs fed 6% SDBP or 6% 
UV-SDPP diets compared with pigs fed the CON.

During phase 1, there were no differences in ADG, 
ADFI, or G:F between SDBP and UV-SDPP fed at 
either a 3 or 6% inclusion rate. This observation is 
consistent with earlier observations (Russell, 1994; 
Gatnau et al., 1995; Russell and Weaver, 1996) and 
results from a summary of multiple experiments (van 
Dijk et al., 2001), in which feeding bovine-derived 
or porcine-derived spray-dried plasma improved 
ADG compared with a control diet but no differenc-
es in ADG were observed among sources of plasma. 
Results from recent experiments conducted under 
environmental stress conditions have also shown no 
differences in ADG of pigs fed 6% bovine- or porcine-
derived spray-dried plasma (Crenshaw et al., 2015).

Despite greater ADG and ADFI in the first week af-
ter weaning for pigs fed 6% UV-SDPP or 6% SDBP di-
ets compared with pigs fed the CON, pigs fed the CON 
were able to compensate by attaining similar BW at the 
end of the experiment compared with pigs fed 6% spray-
dried plasma phase 1 diets. After the initial 2 wk of this 
feeding period, the benefits of diets containing 6% spray-
dried plasma diminished in our study. This transient ef-
fect was also observed by Pierce et al. (2005). However, 
it may be possible that despite similar BW at the end of 
the 55-d nursery period, pigs fed diets with 6% SDPP or 
6% SDBP early in life are better prepared to survive sub-
sequent disease challenges (Boyer et al., 2015).

Morbidity and Mortality

Pigs in the current study were weaned at 19 d of age 
and subjected to additional environmental and health 
challenges that were achieved by using unsanitary hous-
ing facilities (Pastorelli et al., 2012). Under these condi-
tions, along with feeding nonmedicated diets, 80% of pigs 
fed the CON required injectable medications (expressed 
as morbidity) within the first 6 d after weaning (data not 
shown). On d 11, all pigs were provided electrolytes in 
their drinking water (Bluelite; TechMix, LLC) and were 
treated with amoxicillin (West-Ward Pharmaceutical 

Corp.) in their drinking water on d 20, 27, and 33. At the 
end of the experiment, 109% of pigs were treated with 
injectable antibiotics in the CON, indicating that some 
pigs were treated more than once. However, there were 
no differences in morbidity (overall percentage of pigs 
treated) among dietary treatments when evaluating in-
dividual injectable medications (Table 5). The most sig-
nificant effect of feeding UV-SDPP or SDBP diets was 
observed by decreased mortality rather than a decrease 
in morbidity. There was a linear (P < 0.01) decrease in 
mortality of pigs fed increasing dietary levels of UV-
SDPP or SDBP (Fig. 1). Furthermore, there were multi-
ple causes of morbidity and mortality for the 36 pigs that 
died or were removed from the experiment. Necropsies 
confirmed that 3 pigs died from signs of colibacillosis 
(E. coli), 6 pigs died from signs of Streptococcus suis 
infection, 19 pigs died due to nonspecific signs of poor 
health, and 8 pigs were humanely euthanized due to ani-
mal welfare concerns. The greatest health challenge was 
observed during the first week after weaning, when 21 
pigs were removed (8 from the CON, 5 from 3% SDBP, 
4 from 3% UV-SDPP, 3 from 6% SDBP, and 1 from 6% 
UV-SDPP). Nine pigs were removed during phase 2 (2 
from the CON, 2 from 3% SDBP, 2 from 3% UV-SDPP, 
1 from 6% SDBP, and 2 from 6% UV-SDPP), and 6 pigs 
were removed during phase 3 (1 from the CON, 2 from 
3% SDBP, 0 from 3% UV-SDPP, 0 from 6% SDBP, and 3 
from 6% UV-SDPP). Although dead pigs were not tested 
for presence of PEDv by PCR, no clinical signs of PEDv 
infection were observed during this study and none of the 
gross lesions during on-farm necropsies indicated pres-
ence of PEDv.

The reductions in mortality of pigs fed spray-dried 
animal plasma suggest that the current disease chal-
lenge model was effective and that feeding spray-
dried animal plasma provides benefits in addition to 
improvements in ADFI and ADG. A common obser-
vation is that pigs raised in institutional research fa-
cilities (with low pig and pathogen density) have less 
disease challenge than pigs in commercial facilities 
(Coffey and Cromwell, 1995). Therefore, feeding tri-
als testing interventions to mitigate negative impact of 
disease challenge are not suitable to make inferences 

Table 5. Effects of feeding diets with spray-dried bovine plasma (SDBP) and UV-irradiated spray-dried porcine 
plasma (UV-SDPP) on morbidity and pen final weight of nursery pigs

 
Item

 
CON1

SDBP1 UV-SDPP1  
P-valueLow High Low High

Overall treatments administered,2 % 109 107 101 114 110 0.28
Final pen weight, kg 96.5 95.2 102.0 96.7 100.4 0.20

1CON = control diet (corn and soybean meal). The SDBP treatment consisted of the CON + SDBP (not irradiated) and the UV-SDPP treatment consisted 
of CON + UV-SDPP. Low = inclusion of SDBP or spray-dried porcine plasma at 3% in phase 1 diet and 1.5% in phase 2 diet; High = inclusion of SDBP 
or spray-dried porcine plasma at 6% in phase 1 diet and 3% in phase 2 diet. All pigs were fed the same diet during phase 3.

2Percent of pens that received injections. A value greater than 100% indicates that pigs within these pens were injected more than once.
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on the effectiveness of the intervention in growth of 
pigs in commercial facilities. However, our observa-
tions suggest that the unsanitary housing conditions 
used in our research facilities was effective, potential-
ly generating a greater environmental microbial load, 
which appeared to provide a disease challenge more 
than that observed on commercial farms in the U.S. 
pork industry because the mortality rate was greater 
than the 5% reported for most farms (NPB, 2015). 
Therefore, it is possible to infer that pigs fed under 
commercial conditions would also respond in mag-
nitude similar to the improvements in growth perfor-
mance and reductions in mortality that were observed 
in this experiment from feeding UV-SDPP or SDBP 
diets (Torrallardona, 2010; Pujols et al., 2016).

The results of the current experiment demonstrate 
that UV-SDPP was effective in sustaining ADFI and 
ADG of nursery pigs in the first week after weaning in 
a magnitude comparable to the literature and suggests 
that commercial UV irradiation of porcine plasma is 
not detrimental to the functional proteins contained in 
this high-protein ingredient similar to other proteins 
(Choudhary and Bandla, 2012; Christen et al., 2013). 
Also, the fact that growth of pigs fed UV-SDPP was 
similar to that of pigs fed SDBP suggests that there are 
no detrimental effects of feeding pigs diets or feed in-
gredients that were UV irradiated and that UV irradia-
tion is a process useful to decrease pathogens in spray-
dried plasma. This is consistent with other studies that 
demonstrated that feeding γ-irradiated complete diets is 
not detrimental to growth performance of nursery pigs 
(DeRouchey et al., 2001, 2003a,b; Keegan et al., 2003). 
It is worth mentioning that UV irradiation inactivates 
the virus but it does not destroy the genomic material. 
The manufacturing lot of UV-SDPP used in the feed 

for this study contained PEDV genome confirmed by a 
PCR (Ct = 32). Likewise, samples of phase 1 diets con-
taining the UV-SDPP (stored at −20°C and analyzed 1 
yr after production) had detectable PEDv genome (>40 
in the CON, >40 in 3% SDBP, 35 in3% UV-SDPP, >40 
in 6% SDBP, and 36 in 6% UV-SDPP). The increase in 
Ct values between the ingredient and final diets may be 
due to the dilution of the virus genome in the final feed 
after blending and to genome degradation during stor-
age conditions (12 mo at −20°C). These observations 
suggest that UV irradiation does not render PEDv ge-
nomic material undetectable but confirms that genomic 
material in SDPP was not infectious and indicates a 
need for developing more accurate and sensitive diag-
nostic methods to detect PEDv and other viruses in feed 
ingredients to determine their relative risk of transmis-
sion via this route (Sampedro et al., 2016).

In conclusion, the addition of 6% spray-dried 
plasma (bovine or porcine) in phase 1 diets improves 
growth performance of nursery pigs, especially when 
pigs are under stressful situations such as a nonspecific 
disease challenge. The benefits are observed not only 
on improvement in growth early in the nursery period 
but also on decrease in mortality. Porcine plasma that 
was UV irradiated at a commercial facility was as effec-
tive as nonirradiated bovine plasma in improving feed 
intake of nursery pigs during the first week after wean-
ing. Therefore, UV irradiation on a commercial scale 
does not appear to negatively affect the nutritional or 
functional properties of spray-dried porcine plasma.
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