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ABSTRACT: Experimental objectives of this study 
were to determine effects of formaldehyde treat-
ment on the chemical composition of spray-dried 
plasma (SDP) and to test the hypothesis that growth 
performance of pigs fed formaldehyde-treated 
diets containing SDP or diets containing formal-
dehyde-treated SDP is not reduced compared with 
pigs fed untreated control diets. Sal CURB ASF 
liquid antimicrobial and CURB RM Extra liquid 
mold inhibitor (Kemin Industries, Des Moines, IA) 
were applied on SDP at 0.1% or 0.3% to determine 
effects of the products on chemical and functional 
properties of SDP. Regardless of product, there 
were no changes in SDP for analyzed protein, ash, 
pH, or moisture concentration, but IgG concen-
tration in SDP was decreased 8% and 24%, respec-
tively, for 0.1% and 0.3% inclusion of Sal CURB 
or CURB RM. Two feeding studies using weaned 
pigs were conducted to determine effects of formal-
dehyde applied at 0.3% to SDP (experiment 1) or 
0.3% to a complete diet containing 5% SDP (exper-
iment 2). Experiment 1 pigs (n = 265) were weaned 
at 20  ± 2 d of age and allotted to five treatment 
groups. Experiment 2 pigs (n = 135) were weaned in 
two groups at 20 ± 2 d of age and allotted to three 
treatments groups. In experiment 1, the untreated 
control diet contained soy protein concentrate 

(SPC) and test diets contained 2.5% or 5.0% SDP 
without or with formaldehyde treatment. In exper-
iment 2, formaldehyde was applied to a diet con-
taining 5% SDP and an untreated SPC control diet 
and an untreated diet containing 5% SDP were also 
included in the experiment. In experiment 1, linear 
increases (P < 0.05) in average daily gain (ADG), 
average daily feed intake (ADFI), and gain-to-feed 
ratio (G:F) were observed as SDP was included in 
the diets and the relative bioavailability of formal-
dehyde-treated SDP was 62% (P = 0.018) if calcu-
lations were based on ADG and 15% (P = 0.031) 
if calculations were based on ADFI. In experiment 
2, pigs fed the SDP diet untreated or treated with 
formaldehyde had increased (P < 0.05) final body 
weight, ADG, ADFI, and G:F compared with pigs 
fed the control diet. However, formaldehyde treat-
ment of the plasma-containing diet did not affect 
pig growth performance compared with pigs fed the 
untreated SDP diet. In conclusion, formaldehyde 
treatment applied directly on SDP affects analyzed 
concentrations of IgG and reduces growth rate of 
pigs. Treating a complete diet containing 5% SDP 
with formaldehyde did not affect pig growth per-
formance, and pigs fed diets containing SDP had 
improved growth performance than those fed the 
control diet without SDP.
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INTRODUCTION

Spray-dried plasma (SDP) is commonly 
used in weanling pig diets to improve growth, 
feed intake, and feed efficiency, and to reduce 
post-weaning diarrhea (Coffey and Cromwell, 
2001; Torrallardona, 2010; Pérez-Bosque et  al., 
2016). SDP is a complex mixture of  functional pro-
teins and the beneficial effects observed in pigs fed 
SDP are related to modulating the inflammatory 
response both locally in the intestine and systemi-
cally (Moretó and Pérez-Bosque, 2009) through the 
interconnection of  the common mucosal immune 
system (Kiyono and Fukuyama, 2004). Several 
pathogenic viruses that were intentionally injected 
into feed ingredients may survive in a simulated 
transboundary transport for more than 30  days 
(Dee et  al., 2015, 2018). Thus, there is increased 
interest in identifying strategies that may be used 
to mitigate the risk of  potential disease transmis-
sion from feed or feed ingredients to pigs.

The Food and Drug Administration lists 37% 
formaldehyde (aqueous solution) as a food additive 
permitted in feed or drinking water of animals (CFR 
573.460) with a dosage of 2.5 kg/ton of animal feed 
or feed ingredient. This is equivalent to 0.1% pure 
formaldehyde (0.27% of 37% formaldehyde) in the 
feed. Transmissible gastroenteritis coronavirus is 
inactivated by exposure to 0.03% formalin (Saif  
et  al., 2012), and porcine epidemic diarrhea virus 
in infected ingredients is inactivated when treated 
with 0.3% formaldehyde from Sal CURB ASF liq-
uid antimicrobial (Kemin Industries, Des Moines, 
IA), which is a commonly used commercial product 
(Dee et al., 2015).

Sal CURB is a blend of aqueous formalde-
hyde 37% solution and propionic acid commer-
cially available in the United States. According to 
the manufacturer, Sal CURB is an antimicrobial 
agent that may be used in a pathogen control pro-
gram to maintain feed biosecurity, and it is used to 
maintain complete animal feeds or feed ingredients 
Salmonella-negative for up to 21 d.  CURB RM 
Extra liquid mold inhibitor (Kemin Industries) is a 
blend of aqueous formaldehyde 37% solution and 
propionic acid commercially available in Canada. 
CURB RM is a liquid mold inhibitor for com-
plete broiler and swine feeds and feed ingredients. 
However, formaldehyde may denature proteins 
(Sotelo et al., 1995), and there are concerns about 
how formaldehyde affects large proteins such as 
immunoglobulins in SDP.

The objective of this work was to test the 
hypothesis that 0.1% or 0.3% Sal CURB or CURB 

RM has no negative effects on chemical and func-
tional properties of SDP. The second objective was 
to test the hypothesis that addition of 0.3% CURB 
RM directly to SDP or Sal CURB to complete 
diets containing SDP has no negative effect on pig 
growth performance.

MATERIALS AND METHODS

Formaldehyde Application

The analytical part of experiment 1 used three 
different lots of SDP (AP920; APC Inc., Ankeny, 
IA). From each lot of SDP, two samples were used 
for blending with CURB RM, two additional sam-
ples were used for blending with Sal CURB, and 
the last sample was used as the control treatment. 
Each formaldehyde treatment was applied at 0.1% 
or 0.3% using the bench top application system at 
Kemin Product Application Department facility 
(Des Moines, IA). The control used 0.3% sterile 
saline to ensure similar dilutions as the formalde-
hyde treatments. To verify the application of Sal 
CURB and CURB RM, a control batch treated 
with 0.3% saline was mixed as well. A sample that 
was untreated with either saline or formaldehyde 
was also analyzed to evaluate the impact of saline 
or formaldehyde application on the composition 
of SDP. Six 4.16  kg batches of the SDP used in 
the pig study of experiment 1 (AP920; lot number 
I516012009) were treated with 0.3% CURB RM to 
obtain a total of 25 kg formaldehyde-treated SDP. 
In experiment 2, the complete diet containing 5% 
SDP was treated with 0.3% Sal CURB.

In both experiments, the dry materials were 
mixed for 15 s to ensure homogenous distribution 
of SDP particles or complete feed. The desired for-
maldehyde blend was then pumped into the dry 
mixture over a 90-s period using a diaphragm pump 
(Smart Digital DDA; Grundfos, Downers Grove, 
IL), with the air assist nozzle set at 2 psi. After 
addition of the formaldehyde, a 3-min wet mix was 
done to ensure proper distribution of the formalde-
hyde in the SDP or complete feed. Following mix-
ing, samples were analyzed. The same procedures 
were used for all treatments and replications.

In-vitro Experiment

All treated or untreated SDP samples were 
split into two sets of samples and transported to 
two different laboratories for analysis. Quality con-
trol analytical laboratory of APC Inc. (Boone, IA) 
conducted analysis for crude protein (AOAC, 2016; 
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method 990.03), ash (AOAC, 2016; method 942.05), 
and moisture (AOAC, 2016; method 930.15). The 
concentration of IgG was analyzed by radial immu-
nodiffusion (Triple J Farms, RID kit, Bellingham, 
WA), and pH was measured using a SevenGo 
Duo pH meter (Mettler Toledo, Columbus, OH). 
Inclusion of Sal CURB or CURB RM in the SDP 
and the complete diets was verified by the Kemin 
Customer Laboratory Services (Des Moines, IA) 
by measuring the level of propionic acid using gas 
chromatography and calculating the rate of Sal 
CURB or CURB RM.

Animals and Diets

Animal care and use procedures for both 
animal experiments were reviewed and approved 
by the institutional animal care and use committee 
at the University of Illinois, Urbana-Champaign. 
Pigs that were the offspring of Line 359 boars and 
Camborough females (PIC, Hendersonville, TN) 
were used in both experiments.

In experiment 1, a total of 265 pigs were weaned 
at approximately 20 ± 2 d of age (6.5 ± 0.95 kg ini-
tial body weight [BW)] and allotted to 1 of 5 dietary 
treatments in a randomized complete block de-
sign. The initial BW was used as blocking factor 
according to the Experimental Animal Allotment 
Program (Kim and Lindemann, 2007). Sex and an-
cestry were balanced across treatment groups. Two 
groups of pigs were used with group 1 using 35 pens 
with four pigs per pen and group 2 using 25 pens 
with five pigs per pen for a total of 60 pens. Thus, 
in total there were four or five pigs per pen and 12 
replicate pens per treatment.

Five experimental diets were formulated (Table 
1). The control diet contained corn, soybean meal, 
and 8.04% soy protein concentrate (Soycomil 
P; ADM Alliance Nutrition, Quincy, IL). Four 
additional diets were formulated by replacing soy 
protein concentrate on an equal Lys basis with 
2.5% or 5.0% plasma (AP 920; APC Inc.) or 2.5% 
or 5.0% formaldehyde-treated plasma. The for-
maldehyde-treated SDP was treated with 0.3% 
CURB RM.

In experiment 2, a total of 135 pigs (initial 
BW = 6.77 ± 0.28 kg) were weaned at 20 ± 2 d of 
age and allotted to one of three dietary treatments 
in a randomized complete block design. The initial 
BW was used as a blocking factor according to the 
Experimental Animal Allotment Program (Kim 
and Lindemann, 2007). Sex and ancestry were bal-
anced across treatment groups. Two groups of pigs 
were used; in group 1, there were 15 pens with four 

pigs per pen; and in group 2, there were 15 pens of 
five pigs per pen. Thus, in total there were four or 
five pigs per pen and 10 replicate pens per treatment.

Two experimental diets were formulated 
and mixed at the University of Illinois Feed Mill 
(Champaign, IL; Table 2). The control diet con-
tained corn, soybean meal, and 8.04% soy pro-
tein concentrate (Soycomil P; ADM Alliance 
Nutrition). An additional diet was formulated by 
replacing soy protein concentrate (control diet) on 
an equal lysine basis with 5.0% SDP (AP 920; APC 
Inc). The SDP diet was split into two batches. One 
batch was used without further treatments, but the 
other batch was transported to Kemin Industries 
for application of 0.3% Sal CURB. The treated 
diet was then re-bagged and transported back to 
the University of Illinois. For both experiments, all 
diets were fed in meal form and formulated to con-
tain 1.45% standardized ileal digestible lysine, 3,410 
kcal metabolizable energy per kilogram, 0.90% Ca, 
and 0.80% P. The experimental feeding period was 
14 d in both experiments.

Pigs in both experiments were housed in 1.4 m 
× 1.4 m pens with fully slatted floors. A feeder and 
a nipple drinker were installed in each pen. Feed 
and water were provided on an ad libitum basis 
throughout the experiment. The BW of individual 
pigs was recorded at the beginning of the experi-
ment (d 0)  and on d 14. Feed allotment to each 
pen was recorded daily, and feed remaining in the 
feeders was recorded on d 14. At the conclusion of 
the experiment, data were summarized to calculate 
average daily gain (ADG), average daily feed intake 
(ADFI), and gain-to-feed ratio (G:F) for each pen 
and each treatment group.

Statistical Analysis

In experiment 1, data were analyzed by analysis 
of variance (ANOVA) using the PROC GLM pro-
cedure of SAS (SAS Institute Inc., Cary, NC). In 
the in-vitro part of the experiment, the LSMEANS 
procedure was used to calculate mean values and if  
significant, means were separated using the PDIFF 
option of SAS. The experimental unit was the indi-
vidual sample and means were considered different 
if  P < 0.05. In the animal experiment, initial BW 
was used as a covariate. The independent varia-
ble was treatment. Dependent variables were BW, 
ADG, ADFI, and G:F. The LSMEANS procedure 
was used to calculate mean values for all treatments. 
The pen was the experimental unit for all calcula-
tions, and an alpha level of 0.05 was used to assess 
significance among means. Slope ratio analysis of 
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ADG, ADFI, and G:F results was performed to 
estimate the relative bioavailability of formalde-
hyde-treated SDP compared with untreated SDP. 
The relative bioavailability of treated or untreated 
SDP is calculated per response variable by divid-
ing the slope estimate of treated SDP by that of the 
untreated SDP times 100 to convert to percent rela-
tive bioavailability.

In experiment 2, data were also analyzed by 
ANOVA using the PROC GLM procedure of 

SAS. Initial BW was used as a covariate, and the 
independent variable was treatment. Dependent 
variables were BW, ADG, ADFI, and G:F. The 
LSMEANS procedure was used to calculate mean 
values of all dietary treatments. If  diet effects 
were detected, least squares means were separated 
using the PDIFF option of SAS. The pen was the 
experimental unit for all calculations, and an alpha 
level of 0.05 was used to assess significance among 
means.

Table 1. Ingredient and calculated nutrient composition of experimental diets used in experiment 1, (as-fed 
basis)

Experimental dietsa

Ingredient, % Control 2.5% SDPb 5.0% SDP 2.5% Formaldehyde SDP 5.0% Formaldehyde SDP 

 Corn 40.64 41.97 43.29 41.97 43.29

 Soybean meal, 47% CP 25.08 25.08 25.08 25.08 25.08

 Dried whey 20.00 20.00 20.00 20.00 20.00

 Soy protein concentratec 8.04 4.02 — 4.02 —

 SDP — 2.50 5.00 — —

 Formaldehyde-treated SDP — — — 2.50 5.00

 Soybean oil 3.14 3.32 3.50 3.32 3.50

 Limestone 0.63 0.66 0.70 0.66 0.70

 Dicalcium phosphate, 18.5% P 1.72 1.70 1.69 1.70 1.69

 Salt 0.10 0.10 0.10 0.10 0.10

 Vitamin-mineral premixd 0.30 0.30 0.30 0.30 0.30

 l-Lysine HCl 0.21 0.20 0.20 0.20 0.20

 dl-methionine 0.10 0.12 0.13 0.12 0.13

 l-threonine 0.04 0.03 0.01 0.03 0.01

Analyzed composition

 CP, % 22.4 21.5 20.9 22.8 23.2

 DM, % 92.2 92.1 92.7 92.5 91.0

 Ash, % 6.2 6.3 6.2 6.3 6.9

Calculated composition

 ME, kcal/kg 3,410 3,410 3,410 3,410 3,410

 CP, % 23.0 22.4 21.9 22.4 21.9

 Fat, % 5.19 5.40 5.62 5.40 5.62

 Lactose, % 14.00 14.00 14.00 14.00 14.00

 Na, % 0.32 0.37 0.42 0.37 0.42

 Cl, % 0.44 0.46 0.49 0.46 0.49

 Ca, % 0.90 0.90 0.90 0.90 0.90

 P, % 0.80 0.80 0.80 0.80 0.80

Total AA

 Lys, % 1.60 1.60 1.60 1.60 1.60

 Met, % 0.48 0.48 0.48 0.48 0.48

 Met + Cys, % 0.90 0.94 0.97 0.94 0.97

 Trp, % 0.32 0.32 0.33 0.32 0.33

 Thr, % 1.04 1.04 1.04 1.04 1.04

 Ile, % 1.19 1.14 1.09 1.14 1.09

aNutrient values of ingredients used for diet formulation were derived from NRC (2012) or from the supplier product information provided.
bSDP = spray dried plasma (AP 920, APC Inc., Ankeny, IA).
cSoycomil P (ADM Alliance Nutrition, Quincy, IL).
dProvided the following quantities of vitamins and micro minerals per kilogram of complete diet: Vitamin A, 10,990 IU; vitamin D3, 1,648 IU; 

vitamin E, 55 IU; vitamin K, 4.4 mg; thiamin, 3.3 mg; riboflavin, 9.9 mg; pyridoxine, 3.3 mg; vitamin B12, 0.044 mg; d-pantothenic acid, 33 mg; 
niacin, 55 mg; folic acid, 1.1 mg; biotin, 0.17 mg; Cu, 16 mg as copper sulfate; Fe, 165 mg as iron sulfate; I, 0.36 mg as potassium iodate; Mn, 44 mg 
as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 165 mg as zinc oxide.
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RESULTS

In-Vitro Experiment

The formaldehyde product was applied as 
expected based on results provided by Kemin (data 
not included). Analytical results of the SDP samples 
are presented in Table 3. Protein, moisture, ash, and 
pH were not influenced by treatment and averaged 
78%, 9.1%, 7.5%, and 7.0%, respectively. However, 

IgG was reduced (P < 0.05) if  SDP was treated by 
0.3% formaldehyde compared with untreated SDP 
and saline-treated SDP.

Animal Performance, Experiment 1

All experiment 1 data for growth performance are 
presented in Table 4. ADG, ADFI, G:F, and BW were 
linearly (P < 0.05) increased due to the consumption 

Table 2.  Ingredient and calculated nutrient composition of experimental diets used in experiment 2, 
(as-fed basis)

Diet description Control 5% SDPa diet 5% SDP diet treated with Sal CURBb

 Corn 40.33 42.99 42.99

 SBM, 47% CP 25.00 25.00 25.00

 Dried whey 20.00 20.00 20.00

 Soy protein concentrate3 8.04 — —

 Spray-dried plasma — 5.00 5.00

 Soybean oil 3.48 3.82 3.82

 Limestone 0.69 0.77 0.77

 Dicalcium phosphate, 18.5% P 1.65 1.61 1.61

 Salt 0.10 0.10 0.10

 Vitamin-mineral premixd 0.30 0.30 0.30

 l-Lysine HCl 0.25 0.24 0.24

 dl-Methionine 0.11 0.14 0.14

 l-Threonine 0.05 0.02 0.02

Analyzed composition

 CP, % 21.5 22.2 21.8

 DM, % 90.0 90.1 89.0

 Ash, % 6.12 6.22 6.48

Calculated compositione

 ME, kcal/kg 3,410 3,410 3,410

 CP, % 23.0 21.9 21.9

 Ash, % 6.51 6.49 6.49

 Fat, % 5.55 5.93 5.93

 Lactose, % 14.0 14.0 14.0

 Ca, % 0.90 0.90 0.90

 P, % 0.80 0.80 0.80

 Na, % 0.33 0.44 0.44

 K, % 1.08 0.92 0.92

 Cl, % 0.57 0.61 0.61

Total AA

 Lys, % 1.60 1.60 1.60

 Met, % 0.48 0.48 0.48

 Met + Cys, % 0.90 0.96 0.96

 Trp, % 0.29 0.3 0.3

 Thr, % 1.04 1.04 1.04

 Ile, % 1.07 0.96 0.96

aSDP = spray dried plasma (AP 920, APC Inc., Ankeny, IA).
bSal CURB was obtained from Kemin Industries (Des Moines, IA).
cSoycomil P, ADM Alliance Nutrition (Quincy, IL).
dProvided the following quantities of vitamins and micro minerals per kilogram of complete diet: Vitamin A, 10,990 IU; vitamin D3, 1,648 IU; 

vitamin E, 55 IU; vitamin K, 4.4 mg; thiamin, 3.3 mg; riboflavin, 9.9 mg; pyridoxine, 3.3 mg; vitamin B12, 0.044 mg; d-pantothenic acid, 33 mg; 
niacin, 55 mg; folic acid, 1.1 mg; biotin, 0.17 mg; Cu, 16 mg as copper sulfate; Fe, 165 mg as iron sulfate; I, 0.36 mg as potassium iodate; Mn, 44 mg 
as manganese sulfate; Se, 0.3 mg as sodium selenite; and Zn, 165 mg as zinc oxide.

eNutrient values for ingredients were derived from NRC (2012) or from the supplier product information provided.
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of both untreated and formaldehyde-treated SDP. 
However, the formaldehyde-treated SDP resulted in 
reduced performance compared with untreated SDP. 
The relative bioavailability of formaldehyde-treated 
SDP compared with untreated SDP for ADG and 
ADFI was 62% (P = 0.018) if calculations were based 
on ADG and 15% (P = 0.031) if calculations were 
based on ADFI. However, there was no effect of for-
maldehyde treatment on relative bioavailability if cal-
culations were based on G:F.

Experiment 2

From d 0 to14, pigs fed SDP diets that were 
untreated or treated with Sal CURB had increased 
(P < 0.05) ADG (116 and 100 vs. 55 g), ADFI (210 
and 202 vs. 153 g), and G:F (0.53 and 0.50 vs. 0.29) 
compared with pigs fed the control diet (Table 5). 
Final BW of pigs fed SDP-containing diets that were 
untreated or treated with Sal CURB was also greater 
(P < 0.05) compared with pigs fed the control diet (8.38 
and 8.17 vs. 7.52 kg). However, Sal CURB treatment 
of the SDP-containing diet did not affect pig growth 
performance compared with the untreated SDP diet.

DISCUSSION

SDP is a complex mixture of functional pep-
tides and proteins such as growth factors, immuno-
globulins, and albumin (Anderson and Anderson, 

2002). It is unknown which protein is responsible 
for the positive effects on growth performance of 
pigs fed plasma, but SDP is widely used in swine 
diets to maintain gut barrier function (Campbell 
et al., 2010; Peace et al., 2011; Boyer et al., 2015) 
and to improve pig growth performance (Coffey 
and Cromwell, 2001; Torrallardona, 2010). 
Formaldehyde has been used in the industry as a 
part of livestock and poultry producer’s pathogen 
control program to improve feed biosecurity (Jones, 
2011; Huss et al., 2018). However, treating SDP pro-
teins with formaldehyde may affect the functional-
ity by binding the proteins (Sotelo et al., 1995).

Directly treating SDP with formaldehyde did 
not affect crude protein, ash, moisture, or pH; 
however, the reduction in IgG that was observed 
following formaldehyde treatment indicates that 
one of the functional proteins in SDP may have 
been affected. The reduction of IgG may be due 
to formaldehyde binding the protein or affecting 
functionality thus preventing detection by the ana-
lytical method. SDP is a complex mixture of many 
proteins and IgG is one of the best-known plasma 
proteins to have functional properties. However, 
other plasma proteins may also be affected by for-
maldehyde binding, but only IgG was measured in 
this study. Analysis of ingredients provides a meas-
ure of quality based on chemical characteristics of 
the ingredient; however, inclusion of the ingredient 

Table 4. Experiment 1 growth performance of weanling pigs fed experimental dietsa

Dietsb Control 2.5% SDP 5.0% SDP 2.5% Form SDP 5.0% Form SDP SEM Relative bioavailability, % Slope difference

BW, d 0 6.57 6.58 6.58 6.56 6.55 0.28 -169.79 NS

BW, d 14 8.33 9.20 9.37 8.76 9.08 0.12 59.58 NS

ADG, kg/d 0.128 0.191 0.203 0.159 0.182 0.009 62.56 0.0181

ADFI, kg/d 0.220 0.275 0.264 0.233 0.234 0.012 15.04 0.0311

G:F 0.587 0.704 0.777 0.685 0.788 0.025 100.77 NS

aData are least squares treatment means of 12 replications with four to five pigs per pen. Pigs were fed for 14 d after weaning.
b2.5% SDP = diet containing 2.5% spray-dried plasma (AP 920; APC Inc., Ankeny, IA); 5.0% SDP = diet containing 5.0% spray-dried plasma 

(AP 920); 2.5% Form SDP = diet containing 2.5% spray-dried plasma treated with formaldehyde (AP 920); 5.0% Form SDP = diet containing 5.0% 
spray-dried plasma treated with formaldehyde (AP 920).

Table 3. Analysis of treated and untreated spray-dried plasma1,2

Treatment Protein, % Ash, % Moisture, % pH IgG, %

Control 78.4 9.1 7.5 6.98 13.5b

Saline 78.6 9.1 7.8 6.97 13.7b

Sal CURB 0.1% 78.6 9.2 7.6 6.97 13.0ab

CURB RM 0.1% 78.9 9.2 7.5 6.96 12.1ab

Sal CURB 0.3% 78.5 9.1 7.7 6.94 10.4a

CURB RM 0.3% 78.6 9.1 7.7 6.94 10.3a

Standard error of the mean 0.92 0.24 0.43 0.06 0.9

a,bMeans within a column lacking a common superscript are different (P < 0.05).
1Data are least squares means of triplicate samples analyzed by APC Inc., Boone, IA.
2Sal CURB and CURB RM were obtained from Kemin Industries (Des Moines, IA).
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in complete diets allows for determining effects of 
treatment on pig growth performance. Although 
feeding formaldehyde-treated SDP incorporated 
into diets resulted in greater pig growth performance 
compared with that of pigs fed the control diet, pig 
growth performance was reduced for treated SDP 
compared with pigs consuming untreated SDP. 
Results of the in-vitro part of experiment 1 and 
the animal growth performance study indicate that 
direct application of formaldehyde on SDP reduced 
the beneficial effects commonly observed if  SDP is 
used in weanling pig diets (Torrallardona, 2010; 
Pujols et  al., 2016). Although formaldehyde may 
denature proteins (Sotelo et al., 1995), to the best 
of our knowledge, this is the first study in which 
effects on pig growth performance of direct appli-
cation of formaldehyde to SDP have been reported. 
The reduced growth and feed intake of pigs fed 
diets containing formaldehyde-treated SDP com-
pared with pigs fed diets containing untreated SDP 
indicate that the reduction in IgG concentration 
that was observed in the in vitro study and possibly 
denaturing of protein have negative impacts on pig 
growth performance. However, the growth perfor-
mance of pigs fed diets containing the formalde-
hyde-treated SDP was greater than that of pigs fed 
the control diet indicating that formaldehyde did 
not eliminate the positive responses to SDP.

Formaldehyde treatment may have a negative 
impact on feed efficiency if  diets containing crystal-
line Lys or intact protein sources are used (Ochoa 
et  al., 2017). However, it was also reported that 
Sal CURB did not alter nursery pig performance 
regardless of dietary Lys levels (Cochrane et  al., 
2015), and supplementation of formaldehyde to 
diets fed to growing pigs did not affect digestibility 
of energy and amino acids but increased the Ca and 
P digestibility in phytase containing diets (Liu et al., 
2015). Thus, it appears that Sal CURB treatment of 
diets does not negatively affect pig growth perfor-
mance, and results of experiment 2 agree with pre-
vious data. Nevertheless, there is some variability in 

responses among studies and more research to fully 
understand the effects of formaldehyde treatment 
of feed or feed ingredients on pig growth perfor-
mance may be needed.

CONCLUSIONS

Formaldehyde treatment of SDP does not af-
fect concentrations of moisture, CP, or ash, but the 
concentration of IgG was reduced. Formaldehyde 
treatment applied directly to SDP also reduced 
growth of pigs compared with pigs fed untreated 
SDP. However, treating a complete diet containing 
5% SDP with formaldehyde did not affect pig 
growth performance, but pigs fed diets containing 
SDP had improved growth performance compared 
with pigs fed a diet without SDP. On the basis of 
results of these studies, formaldehyde application 
directly on SDP is not recommended, whereas ap-
plication of 0.3% formaldehyde to complete diets 
containing SDP is acceptable.
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