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Simple Summary: These studies explore the use of spray-dried plasma (SDP) as a sustainable 
protein source in piglet diets to reduce post-weaning diarrhea, a common issue affecting pig health 
and farm economics. European regulations banning certain antibiotic treatments and zinc oxide 
traditionally used to prevent this diarrhea, have driven the need for alternative solutions that can 
maintain piglet health and growth without adverse effects. SDP, rich in essential nutrients, was 
tested in diets with both low and normal protein levels. Results showed that piglets fed low or 
normal protein diets with SDP displayed better growth rates and feed intake, particularly in the 
early weeks after weaning, compared to those fed control diets. Diets with SDP also improved feed 
efficiency and helped reduce medication needs. These findings suggest that diets with SDP can 
effectively support piglet health and performance during the critical post-weaning period, offering 
a practical, sustainable approach for pig farmers. Using SDP aligns with circular economy 
principles, repurposing by-products from meat production, making it both environmentally 
friendly and economically beneficial for livestock management. 

Abstract: These studies address the challenge of post-weaning diarrhea (PWD) in piglets, a common 
and costly health issue exacerbated by the recent European Union ban on therapeutic zinc oxide. 
The research evaluates whether spray-dried plasma (SDP), a sustainable and highly digestible 
protein source, can mitigate PWD without compromising piglet growth. Two concurrent studies 
were conducted on farms using either low-protein or normal-protein diets, with SDP included in 
varying phases of early piglet feeding. Diets with SDP improved growth rates and feed intake 
during critical post-weaning phases, particularly under normal protein levels and enhanced feed 
efficiency and reduced medication needs, indicating its potential to support piglet health while 
reducing dependency on pharmaceutical interventions. In conclusion, SDP in post-weaning diets 
helps balance growth and health, even when using low protein diets and offers a viable and 
sustainable alternative to traditional methods for managing PWD. This work highlights the role of 
SDP in promoting a circular economy by upcycling animal by-products and aligning with 
environmentally friendly farming practices. 

Keywords: low protein diets; nursery diets; spray-dried plasma; zinc oxide alternative; sustainable 
pig farming; circular economy; feed efficiency 

 

1. Introduction 

Globally, and particularly within the European Union (EU), the ban on antibiotic growth 
promoters and the therapeutic use of zinc oxide has markedly influenced pig production practices. 
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The reduction in therapeutic zinc oxide levels has heightened the clinical risk of edema disease caused 
by E. coli, prompting renewed industry focus on these issues [1]. Recent surveys indicate that over 
50% of German farms have animals testing positive for the verotoxin gene, indicating a susceptibility 
to edema disease [2]. In Europe, post-weaning diarrhea (PWD) is a leading cause of economic loss, 
with mortality rates reaching up to 20-30% in severe cases. PWD is further exacerbated by the 
presence of E. coli strains that exhibit resistance to conventional treatments and antibiotics [3,4]. PWD 
together with pathogenic E. coli not only compromises piglet survival but also impedes growth and 
escalates medical treatment costs, directly affecting farm profitability. 

The weaning process and the transition to solid feed is a critical period for piglets. Optimal early-
stage nutrition is crucial for ensuring piglet health and well-being. During the initial three to five 
days post-weaning, it is common for piglets to exhibit minimal to no feed intake. This period of 
reduced intake deprives the intestinal lumen of essential nutrients, resulting in adverse physiological 
effects such as intestinal villus atrophy, diminished enzyme activity, impaired nutrient absorption, 
increased intestinal permeability, and inflammation [5]. Collectively, these conditions contribute to 
reduced body weight (BW) gain during this critical phase. Additionally, the presence of unabsorbed 
nutrients, particularly proteins, within the intestinal lumen can lead to undesirable fermentation 
processes, which are recognized risk factors for digestive disorders and diseases [5]. It is well-
established that achieving high feed intake shortly after weaning is associated with improved 
gastrointestinal tract development and enhanced performance throughout the nursery stage, 
regardless of initial BW [5,6]. 

The weaning challenge and ban on therapeutic use of ZnO have led to improvements in animal 
management, facility hygiene, prophylactic vaccination strategies and has necessitated significant 
changes in nutritional strategies at weaning. In response to the need to prevent PWD and reduce 
weaning mortality, European post-weaning diets have undergone significant modifications. These 
adjustments include the incorporation of high-quality digestible proteins, organic acids, synthetic 
amino acids, and a substantial reduction in overall dietary protein levels. Whereas commercial 
weaning diets once commonly contained protein levels around 20%, current formulations have 
reduced protein content to approximately 15-16%. However, this reduction of dietary crude protein 
negatively impacts animal performance during the nursery phase, resulting in nursery-end weights 
that fall below the expected 24-26 kg, a benchmark typical of recent years. This creates a dilemma in 
Europe: the use of low-protein diets at weaning to mitigate PWD yet accepting reduced performance 
during the nursery stage. 

Spray-dried plasma (SDP) is a safe and functional protein that offers a promising solution to this 
dilemma by supporting sustained growth and mitigating health challenges. SDP is rich in bioactive 
peptides, growth factors, amino acids, and vitamins, all of which retain their biological activity post-
processing [7]. SDP is not only a functional and highly digestible protein that supports growth and 
helps reducing health challenges in piglets, but it also contributes to sustainable farming practices. 
As a by-product of the meat industry, SDP aligns with the principles of the circular economy by 
upcycling materials that would otherwise go to waste. This reduces the environmental footprint of 
livestock production, making SDP a key ingredient in balancing piglet performance and 
sustainability. 

Traditionally, SDP has been incorporated into pig starter diets, calf milk replacers, and broiler 
feed [8–11]. The functional components of dietary SDP enhance intestinal integrity and modulate the 
immune system, thereby mitigating the adverse effects of inflammation and stress [7]. Moreover, 
dietary SDP has shown a systemic effect with beneficial effects on other mucosal tissues, including 
lung-associated lymphoid tissue [12] and has been associated with improved growth performance 
and reduced mortality, particularly under conditions of environmental or pathological stress [8,13]. 
Consequently, SDP is considered as a potential alternative to antibiotics and therapeutic level of ZnO 
[8,14]. Furthermore, SDP is a highly digestible protein that can be incorporated into weaning diets 
with higher protein levels without increasing the risk of PWD, thus improving overall performance 
by the end of the nursery period. Pigs fed diets with SDP have consistently been shown to enhance 
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feed intake during the early weaning period, thereby avoiding the intestinal issues associated with 
low intake during these critical days. 

The objective of the current studies was to evaluate the effects of incorporating porcine SDP into 
pig diets under two different nutritional strategies, lower and higher (normal) protein and 
standardized ileal digestible (SID) lysine levels across three nursery feeding phases. 

2. Materials and Methods 

Two concurrent studies were conducted at two different farms to evaluate the effectiveness of 
spray-dried porcine plasma under two different nutritional strategies using lower or higher (normal) 
protein, SID lysine and ME diets fed during three nursery feeding phases. Farm 1 used low protein 
diets in phase 1 (15.88%), phase 2 (17.10%) and phase 3 (17.5%), whereas Farm 2 used normal protein 
diets (20.5%, 20.0% and 18.2%) for phases 1, 2 and 3 respectively. 

The first study was conducted at Farm 1 (Commercial/research facility located in Fraga, Huesca, 
Spain). The center consists of 7 identical rooms (373.2 m²), each equipped with 52 slatted floor pens 
of 6m², with individual feeders and drinkers per pen. Stocking density was set at a minimum of 0.25 
m² per animal to provide a maximum of 24 piglets averaging 25 kg BW at the end of the experiment. 
Each room was equipped with floor heating and sensors for temperature, relative humidity (RH), 
CO2 and NH3 to control the dynamic ventilation system. The ventilation rate depended on the 
measured inside temperature and the age of the piglets, thereby keeping the temperature as close as 
possible to the requested temperature schedule and minimizing NH3 and CO2 content of the inside 
air. The light schedule was set as 24L:0D for the first two days and from day 3 onwards animals were 
subjected to a 9L:15D light schedule. In this study, pigs were fed low protein diets across three 
nursery feed phases with respective feeding durations of 14, 14 and 13 days during the 42-day study. 
All pigs received a common prestarter feed the day of placement before allocating them to their 
treatments groups the following day to start the experiment. Three treatment groups included: a 
CONTROL group fed phase 1, 2 and 3 control diets without SDP; a P1SDP group fed a phase 1 diet 
with 3.5% SDP, followed by the control phase 2 and 3 diets; and a P1+P2SDP group fed the phase 1 
diet with 3.5% SDP, a phase 2 diet with 1.5% SDP, and the control phase 3 diet (Table 1). At Farm 1, 
24-day-old (Danbred x Pietrain) piglets were weaned and assigned by sex and initial body weight to 
12 pens/treatment with 24 pigs/pen (288 pigs/treatment; 864 total pigs). That study was approved by 
the AB-Neo Animal Care Committee and the animals in this study were raised and treated according 
to the Directive 2010/63/EU of 22 September 2010, according to the recommendation of the European 
Commission 2007/526/CE covering the accommodation and care of animals used for experimental 
and other scientific purposes, and the Spanish Royal Decree 118/2021 which established the basic 
rules applicable for the protection of animals used in experimentation and other scientific purposes. 

Table 1. Farm 1 nursery diet composition by phase and feeding duration. 

 Prestarter (1-15d) 
Starter 1 
(15-29d) 

Starter 2 
(29-42d) 

Ingredients CONTROL 
P1SDP, 

P1+P2SDP 
CONTROL, 

P1SDP 
P1+P2 
SDP 

All 
Treatments 

Barley 25.83 30.36 23.30 25.00 31.39 
Maize   20.00 20.00 14.90 
Wheat 20.00 17.80 27.09 27.42 29.00 

Extruded cereals 20.00 21.00 2.00 2.00  
Enzyme treated Soya 481 8.60 4.50 15.00 12.60  

Soybean meal   2.00 1.50 5.50 
Sweet Whey Powder 6.50 7.30    

Fiber source 3.50 3.50 4.50 3.74 14.00 
Yeast protein 1.00 1.00    

Whey Protein Concentrate 4.50 1.80    
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SDP2 0.00 3.50 0.00 1.50  
Soybean oil 1.74 1.70 0.57 0.60  

L-Lysine-HCL 0.65 0.55 0.62 0.59 0.60 
L-Threonine 0.33 0.27 0.28 0.26 0.25 

DL-Methionine 0.15 0.13 0.17 0.17 0.17 
L-Tryptophan 0.06 0.05 0.05 0.04 0.03 

L-Valine 0.10 0.06 0.09 0.07 0.07 
Isoleucine 70-30 Val 0.15 0.16 0.07 0.08  

Salt 0.27 0.17 0.50 0.50 0.60 
Calcium carbonate 0.87 0.48 0.32 0.51 0.45 

Monocalcium phosphate 1.29 1.22 0.62 0.59 0.06 
Additive complex 3.97 3.97 2.52 2.52 2.69 
Vit-Min complex* 0.50 0.50 0.30 0.30 0.30 

Calculated nutrients 
Crude protein, % 15.9 16.0 17.1 17.1 17.5 

ME, Kcal/kg 3289 3300 3264 3269 3312 
SID Lysine, % 1.12 1.12 1.15 1.16 1.13 

SID Met + Cys, % 0.63 0.65 0.65 0.67 0.66 
SID Thr, % 0.78 0.78 0.75 0.76 0.74 
SID Trp, % 0.22 0.23 0.22 0.22 0.21 
SID Ile, % 0.60 0.60 0.61 0.61 0.59 
SID Val, % 0.75 0.78 0.76 0.77 0.74 

Crude fat, % 5.84 6.15 2.87 2.92 2.92 
Crude fiber, % 4.95 4.89 4.19 3.99 3.79 

Calcium, % 0.65 0.64 0.60 0.61 0.53 
Phosphorous, % 0.65 0.65 0.64 0.64 0.53 

1Promax 48 from AB Neo; 2 Spray-dried porcine plasma Appetein GS from APC Europe, S.L., Spain. * Provides 
per kg feed: vitamin A (3a672a) 2200000 UI; vitamin D3 (3a671) 300000 UI; vitamin E (alpha-tocopherol) (3a700) 
9000 mg; vitamin K3 (3a710) 600 mg; vitamin B1 (3a821) 1000 mg; vitamin B2 (3a825i) 18000 mg; vitamin B6 (3a831) 
1200 mg; vitamin B12 10 mg; nicotinic acid (3a314) 10000 mg; calcium pantothenate (3a841) 8000 mg; folic acid 
(3a316) 40 mg; biotin (3a880) 40 mg; choline chloride (3a890) 40000 mg, Fe (3b103) (from FeSO4·H2O) 20000 mg; 
I (3b201) (from KI) 400 mg; Cu (3b410) (from Copper chelate of hydroxylated analogue of methionine) 28000 mg; 
Mn (3b502) (from MnO) 12000 mg; Zn (3b603) (from ZnO) 24000 mg; Se (3b801) (from sodium selenite) 80 mg. 
Butylhydroxytoluene (E 321) 75 mg, Propyl gallate (E 310) 9 mg, Tocopherol extracts from vegetable oils (1b306i) 
1080 mg, citric acid (1a330) 21 mg, Sepiolite (E 562) 18900 mg, Anhydrous calcium carbonate 1000 mg. 

The second study was conducted at Farm 2 (IRTA research farm, Mas Bové, Tarragona, Spain) 
where 96 pigs were housed in a weaning room with 24 pens (1.84 m2) providing 0.46 m2 per pig. Each 
pen contained a single feeder with four eating spaces and one water drinking bowl to allow ad libitum 
feed and water consumption. The facilities were not cleaned and disinfected before the start of the 
trial in order to provide an unspecific challenge to the animals to mirror commercial conditions. The 
rooms were provided with automatic heating, forced ventilation, and completely slatted floors. Pigs 
were fed higher (normal) protein diets across three nursery phases with feeding durations of 14 days 
per phase in the 42-day study. As for Farm 1, there were three treatment groups including a 
CONTROL, P1SDP and P1+P2SDP (Table 2). The main difference at Farm 2 was that the phase 1 diet 
contained 5% SDP and the phase 2 diet contained 2% SDP. At this farm, 26-day-old ([Large White x 
Landrace] x Pietrain) piglets were weaned and assigned by sex and initial body weight to 8 
pens/treatment with 4 pigs/pen (32 pigs/treatment; 96 total pigs). As in the case of Farm 1, the animals 
in this study were raised and treated according to the Directive 2010/63/EU of 22 September 2010, 
according to the recommendation of the European Commission 2007/526/CE covering the 
accommodation and care of animals used for experimental and other scientific purposes, and the 
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Spanish Royal Decree 118/2021 principles for animal care and experimentation. This study was also 
approved by IRTA’s Ethical Committee for Animal Experimentation (CEEA). 

Table 2. Farm 2 nursery diet composition by phase and feeding duration. 

 Pre-Starter (0-14d)  Starter 1 (14-28d) 
Starter 2 
(28-42d) 

Ingredients CONTROL 
P1SDP, 

P1+P2SDP 
CONTROL, 

P1SDP 
P1+P2SDP 

All 
Treatments 

Barley 30.71 33.64 37.79 38.94 27.82 
Maize 20.00 20.00 20.00 20.00 21.39 
Wheat - - - - 20.00 

SBM (48%CP) 22.58 22.24 25.95 25.84 23.34 
Sweet milk whey 6.50 6.50 3.00 3.00 - 

SPC1 6.67 - 2.67 - - 
SDP2 - 5.00 - 2.00 - 

Dextrose 6.50 6.50 3.00 3.00 - 
Animal fat 3.63 3.20 3.96 3.80 3.60 

L-Lysine-HCL 0.35 0.23 0.39 0.34 0.53 
L-Threonine 0.17 0.08 0.18 0.14 0.23 

DL-Methionine 0.19 0.13 0.18 0.15 0.19 
L-Tryptophan 0.04 0.01 0.04 0.03 0.05 

L-Valine - - 0.01 - 0.08 
Salt 0.52 0.25 0.58 0.47 0.48 

Calcium carbonate 0.03 - 0.01 - 0.24 
Dicalcium 
phosphate 

1.68 1.80 1.82 1.87 1.61 

Noxyfeed* 0.02 0.02 0.02 0.02 0.02 
Vit-Min complex** 0.40 0.40 0.40 0.40 0.40 

Calculated nutrients 
Crude protein, % 20.5 20.5 20.0 20.0 18.2 

ME, Kcal/kg 3300 3300 3280 3280 3280 
SID Lysine, % 1.28 1.28 1.25 1.25 1.20 

SID Met + Cys, % 0.75 0.76 0.74 0.74 0.71 
SID Thr, % 0.83 0.83 0.81 0.81 0.78 
SID Trp, % 0.26 0.26 0.25 0.25 0.24 
SID Ile, % 0.78 0.75 0.75 0.74 0.65 
SID Val, % 0.87 0.95 0.85 0.87 0.81 

Crude fat, % 5.36 5.04 5.84 5.71 5.63 
Crude fiber, % 3.09 2.93 3.39 3.33 3.14 

Calcium, % 0.75 0.75 0.75 0.75 0.75 
Phosphorous, % 0.69 0.73 0.70 0.72 0.64 

1 Soy protein concentrate X-soy200 from CJ Bio, Korea; 2 Spray-dried porcine plasma Appetein GS from APC 
Europe, S.L., Spain. * ITPSA, Barcelona, Spain. Contains BHT+ propyl galate (56%) and citric acid (14%). ** 
Provides per kg feed: vitamin A (3a672a) 10000 UI; vitamin D3 (3a671) 2000 UI; vitamin E (alpha-tocopherol) 
(3a700) 25 mg; vitamin K3 (3a710) 1.5 mg; vitamin B1 (3a821) 1.5 mg; vitamin B2 (3a825i) 3.5 mg; vitamin B6 (3a831) 
2.4 mg; vitamin B12 20 μg; nicotinic acid (3a314) 20 mg; calcium pantothenate (3a841) 14 mg; folic acid (3a316) 0.5 
mg; biotin (3a880) 50 μg; Fe (3b103) (from FeSO4·H2O) 120 mg; I (3b201) (from KI) 0.75 mg; Cu (3b405) (from 
CuSO4·5H2O) 6 mg; Mn (3b502) (from MnO) 60 mg; Zn (3b603) (from ZnO) 65 mg; Se (E 8) (from Na2SeO3) 0.37 
mg. 

2.1. Performance and Feed Intake 
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In Farm 1, pen weights were recorded on day 1, 15, 29 and 42 of the study. In Farm 2, pigs were 
individually weighed on day 0, 14, 28 and 42 of the study. In both studies, at the end of each feeding 
phase the remaining feed in each hopper was recorded to calculate average daily feed intake (ADFI) 
and feed conversion ratios (FCR) per feeding phase. The remaining feed from the previous phase was 
kept to a minimum but not removed before the next feeding phase was supplied in Farm 1 but fully 
removed at each phase change for Farm 2. Animals had ad libitum access to feed and water throughout 
the entire evaluation period. Every morning, all hoppers were checked visually and those needing to 
be refilled were filled automatically by a pneumatic feed distribution system in Farm 1 and manually 
from independent feed bags prepared for each pen in Farm 2. 

2.2. Mortality and Morbidity 

The general health status of the animals was monitored daily and registered throughout the trial. 
Details of any treatments administered to trial pigs were recorded (date, medication, dosage and 
reason of treatment) along with any details of pig removals to sick pens. Mortality was registered 
daily, and animals exhibiting poor performance were excluded from the evaluation and counted as 
culled animals (including pig weight at the point of removal). Every morning, the number of dead 
and culled piglets and their respective body weights (BW) were registered to allow for corrections in 
ADFI, FCR, ADG, as well as the reason of removal/death in Farm 1. For farm 2, in addition, the 
individual weight of the piglets remaining in the pen of the dead/culled animal were also registered 
and used for the corrections. 

2.3. Diarrhea Score 

Feces from each pen were visually examined in the morning to determine the incidence of post-
weaning diarrhea and ascertain the health status of the pigs. It was assessed daily during the first 3 
weeks and after that 3 days/week. At farm 1, fecal score was assessed using a subjective score on a 4-
point scale ranging from 1 to 4 (1 = normal feces; 2 = moist feces; 3 = diarrhea; 4 = severe 
diarrhea/watery diarrhea). At farm 2, fecal score evaluation used a score on a 5-points scale ranging 
from 0 to 4 (0 = firm and shaped; 1 = soft and shaped; 2 = soft without shaped; 3 = loose; 4 = watery). 
In both farms, fecal score was conducted most of the time by the same person 

2.4. Statistical Analaysis 

Data were analyzed using the General Linear Model procedure of JMP (version 17.0) with the 
pen serving as the experimental unit for all growth performance analyses. Non-normal data or data 
displaying heteroscedasticity (mortality, culling, and treated animals) were analyzed using a 
Generalized Linear Mixed Model with Poisson distribution for goodness of fit Chi-squared test. 
Treatment was included in the model as main effects with initial body weight included as a covariate. 
Diarrhea days were analyzed using a Goodness of Fit Chi-squared test. P values of < 0.05 were classed 
as significant and those between 0.05-0.1 were considered trends. Significantly different means were 
separated using the Tukey’s HSD post-hoc test. All data are reported as Least Square Means except 
for diarrhea days and number of medicated animals, which are presented as count data. 

3. Results 

In the study conducted at Farm 1 using low protein diets, the performance benefits of SDP were 
evident during phase 1, with higher average daily gain (ADG) and average daily feed intake (ADFI) 
despite using a lower inclusion level of SDP than recommended (3.5% vs 5%). However, no 
additional performance advantage was noted with SDP inclusion during phase 2, in which a 
tendency for increased ADFI and worse FCR were observed. However, during phase 3 when all pigs 
were fed a common diet, there was a tendency for better FCR for pigs that had been fed SDP in phase 
1. For the overall performance results, pigs fed SDP in phase 1 or in both phases 1 and 2 had higher 
ADG versus the control group. No incidences of diarrhea were observed for any treatment group 
during any phase of the study (Table 3). 
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Table 3. Productive parameters of pigs at Farm 1 fed low protein diets with SDP in phase 1 or SDP in 
phase 1 and 2 diets. 

Treatment groups CONTROL P1SDP P1+P2SDP Pooled SEM P value 
Phase 1 (d 1 to 15)      
Initial BW, kg 5.54 5.52 5.55 0.16 0.993 
ADG, g/d 105b 135a 135a 23.00 0.009 
ADFI, g/d 95b 132a 141a 21.00 0.002 
FCR 1.00 0.98 1.05 0.08 0.820 
d 15 BW, kg 7.02 7.45 7.42 0.41 0.323 
Fecal Score 1.11 1.06 1.10 0.03 0.438 
Phase 2 (d 15 to 29)      
ADG, g/d 299 299 293 13.00 0.636 
ADFI, g/d 338y 349xy 371x 24.00 0.092 
FCR 1.13b 1.17b 1.26a 0.03 0.005 
d 29 BW, kg 11.30 11.81 11.71 0.57 0.387 
Fecal Score 1.00 1.00 1.00 0.00  
Phase 3 (d 29 to 42)      
ADG, g/d 391 424 423 15.00 0.197 
ADFI, g/d 644 642 650 28.00 0.977 
FCR 1.67y 1.51x 1.54xy 0.05 0.084 
d 42 BW, kg 16.45 17.33 17.20 0.64 0.163 
Fecal Score 1.00 1.00 1.01 0.01 0.199 
Overall (d 1 to 42)      
ADG, g/d 260b 280a 278a 14.00 0.033 
ADFI, g/d 348 364 377 20.00 0.236 
FCR 1.36 1.29 1.35 0.03 0.279 

a≠b, P < 0.05; x≠y, P < 0.1. * Fecal score was assessed using a subjective score on a 4-point scale ranging from 1 to 
4 (1 = normal feces; 2 = moist feces; 3 = diarrhea; 4 = severe diarrhea/watery diarrhea). 

There were no significant differences among treatment groups for mortality, culling, mortality 
+ culling and total medications, expressed as percentage of initial number of pigs (Table 4). 

Table 4. Mortality, culling and overall medication by treatment group at Farm 1. 

Period 0-42d CONTROL P1SDP  P1+P2SDP  
Pooled  
SEM 

P value 

Mortality, % 2.42 2.65 0.94 1.05 0.434 
Culling, % 3.62 3.56 3.80 1.67 0.991 

Mort + Culling, % 5.88 6.12 4.77 2.57 0.878 
Medication, %  21.17 19.29 16.41 11.76 0.800 

General medication for different symptoms (digestive, limp, Meningitis, respiratory, thin or unknown) during 
trial at Farm 1 for the whole period. 

In the study conducted at Farm 2, pigs were fed diets with normal protein and energy levels 
during all three phases, along with the recommended SDP inclusion levels for phases 1 and 2 (5% 
and 2%, respectively). During phase 1, there were no significant performance or fecal score 
differences among treatment groups (Table 5). 

During phase 2, pigs in the P1+P2SDP group exhibited higher ADG, and ADFI compared to the 
CONTROL and P1SDP groups and higher BW relative to the CONTROL group. During phase 3, 
when all groups were fed an identical phase 3 control diet, pigs from the P1+P2SDP group tended to 
have higher phase 3 final BW, with no significant differences among groups for other parameters. 
The P1SDP group had intermediate BW compared to the other two groups. 
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Overall, there was a tendency for pigs in the P1+P2SDP group to have higher ADG than the 
CONTROL group, while that of the P1SDP group was intermediate. No differences in fecal scores 
were observed among treatments in the Farm 2 study and again no incidence of diarrhea was 
observed for any group. 

Three piglets did not complete the trial. They were removed with signs of meningitis (one from 
treatment P1SDP and two from treatment P1+P2SDP). 

Table 5. Productive parameters of pigs at Farm 2 fed higher protein diets with SDP in phase 1 or SDP 
in phase 1 and 2 diets. 

Treatment groups CONTROL P1SDP P1+P2SDP Pooled SEM P value 
Phase 1 (d 0 to 14)      

Initial BW, kg 7.33 7.33 7.34 0.02 0.666 
ADG, g/d 123 155 158 34.70 0.120 
ADFI, g/d 190 221 232 39.20 0.128 
FCR 1.61 1.46 1.48 0.20 0.307 
d 14 BW, kg 9.05 9.50 9.55 0.48 0.114 
Fecal Score 0.84 0.74 1.02 0.92 0.756 

Phase 2 (d 14 to 28)      
ADG, g/d 369b 373b 417a 29.60 0.010 
ADFI, g/d 526b 517b 576a 41.40 0.028 
FCR 1.43 1.39 1.38 0.08 0.489 
d 28 BW, kg 14.22b 14.72ab 15.39a 0.71 0.019 
Fecal Score 0.21 0.21 0.30 0.32 0.672 

Phase 3 (d 28 to 42)      
ADG, g/d 716 702 743 65.30 0.460 
ADFI, g/d 855 879 892 58.20 0.447 
FCR 1.23 1.26 1.22 0.10 0.674 
d 42 BW, kg 24.25y 24.56xy 25.79x 1.23 0.057 
Fecal Score 0.06 0.01 0.04 0.09 0.445 

Overall (d 1 to 42)      
ADG, g/d 403y 410xy 439x 29.30 0.060 
ADFI, g/d 524 539 567 37.80 0.108 
FCR 1.32 1.32 1.30 0.07 0.831 

a≠b, P < 0.05; x≠y, P < 0.1. *Fecal score was assessed using a subjective score on a 5-point scale ranging from 0 to 
4 (0 = firm and shaped; 1 = soft and shaped; 2 = soft without shaped; 3 = loose; 4 = watery). 

4. Discussion 

Although the two studies were run at research facilities with commercial and academic farm 
conditions that used different pig genetics, pig health status, pigs per pen and management practices, 
a comparative summary of the final day 42 BW differences by Farm in Figure 1 provides European 
pig producers valuable insights into the expected outcomes of these two nutritional strategies using 
low or normal protein diets, particularly in the context of adding SDP in phase 1 and/or phase 2 diets 
devoid of pharmaceutical levels of zinc oxide.  
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Figure 1. Comparative final body weight at day 42 between treatments by Farm 1 and 2. x≠y, P < 0.1 

Since the European Union’s ban on the therapeutic use of zinc oxide in 2022, post-weaning diets 
have undergone significant modifications to prevent post-weaning diarrhea and reduce nursery 
mortality. This regulatory shift has led to improvements in animal management, facility cleanliness, 
and prophylactic vaccination strategies, but it has also needed substantial changes in nutritional 
approaches at weaning. These adjustments have included the use of highly digestible proteins, 
organic acids, synthetic amino acids, and a marked reduction in overall dietary protein levels. For 
instance, SEGES, the Danish Feed Research Centre, has provided recommendations to Danish 
farmers for formulating weaning diets in the absence of high levels of zinc oxide. These 
recommendations emphasize nursery diets incorporating barley, potato protein, amino acid 
supplementation, reduced or eliminated soybean meal in initial diets, and the inclusion of benzoic 
acid and highly digestible proteins such as whey protein and SDP (https://landbrugsavisen.dk/svin/her-
er-tre-seges-bud-p%C3%A5-zinkfrit-frav%C3%A6nningsfode). 

Understanding and addressing these nutritional and health challenges during weaning is critical 
for pig producers to improve piglet outcomes and maintain farm profitability. In the current 
landscape, it is common to see weaning diets with protein levels around 15-16% to avoid indigestible 
proteins in the gut that could foster the growth of pathogenic bacteria [15–18]. However, these lower 
protein levels can negatively impact animal performance during the nursery phase, leading to final 
weights that fall short of the 24-26 kg typically expected at the end of this period. 

In the study conducted at Farm 1, despite using a lower inclusion level of SDP than 
recommended (3.5% vs. 5%), the performance benefits of SDP were evident during the initial 15-day 
period, with higher ADG and ADFI observed. However, no additional performance advantage was 
noted with SDP inclusion during the second and third periods. For the overall period ADG was 
higher for pigs in the SDP groups versus the control group. Therefore, relative to the control group, 
pigs receiving SDP in Phase 1 were 0.88 kg heavier, and pigs receiving SDP in both Phases 1 and 2 
were 0.75 kg heavier, at the end of the study. These findings align with previous research highlighting 
the benefits of SDP in Phase 1 diets [8,13]. The lack of improved performance with SDP during Phase 
2 in this study could be attributed to the lower inclusion level of SDP (1.5%) and/or the restrictive low 
protein and energy levels used in the phase 1 and 2, which may have limited growth potential, 
because ADG was similar across treatments during this period. Our results agree with those of Bailey 
et al. [19] in which the authors fed 6% SDP in low protein diets during phase 1 (d1-14) and 2% SDP 
in phase 2 (d15-28) and they also did not observe performance benefits of this combination compared 
to just using SDP in the phase 1 diet. The same authors suggest that the low CP diets that are generally 
fed to pigs in the initial first or second weeks when pigs are more susceptible to diarrhea, if fed for 

y xy x

0

5

10

15

20

25

30

35

Farm 1 Farm 2

BW
, K

g

BW at day 42

Control P1 SDP P1+P2 SDP

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 30 October 2024 doi:10.20944/preprints202410.2352.v1

https://landbrugsavisen.dk/svin/her-er-tre-seges-bud-p%C3%A5-zinkfrit-frav%C3%A6nningsfoder
https://landbrugsavisen.dk/svin/her-er-tre-seges-bud-p%C3%A5-zinkfrit-frav%C3%A6nningsfoder
https://doi.org/10.20944/preprints202410.2352.v1


 10 

 

longer periods, may lead to growth losses that pigs may not compensate later in life [19–21], as 
confirmed in our study. Furthermore, there were no differences in fecal scores among treatments 
containing SDP versus control diets. 

In contrast, the study conducted at Farm 2 employed higher protein levels during Phases 1 and 
2, along with the recommended SDP inclusion levels for these phases (5% and 2%, respectively). 
Although no statistically significant differences in performance were observed during Phase 1 (0-14 
days), this may be due to the lower number of animals per replicate and higher variability of the data. 
Indeed, from a numerical point of view, piglets in the SDP groups (P1SDP and P1+P2SDP) were 
heavier, had higher ADG and ADFI, and better FCR compared to the control group. In Phase 2 (days 
14-28), pigs fed SDP exhibited significantly higher BW, ADG, and ADFI compared to the control 
group, and those receiving SDP only during the first 14 days had intermediate BW but similar ADG 
and ADFI to the control group. By the end of the nursery phase (day 42), final BW was 1.54 kg higher 
in the group fed SDP during both Phase 1 and 2 compared to the control group, confirming results 
from Castelo et al., [22] that reported performance benefits and reduced E. coli K88 fecal shedding of 
non-restricted protein nursery diets with SDP included in phase 1 and 2 diets. In the study by Bailey 
et al. [19] using 2% SDP in phase 2 normal CP diets after pigs had received low CP diets with 6% SDP 
in phase 1 improved performance compared with the phase 2 control and the group with SDP only 
fed during phase 1, proving the benefits of supplementing SDP for longer periods especially after 
transitioning from a low phase 1 protein diet to higher phase 2 protein diet. 

When comparing the relative performance across both trials, during the first period, pigs in the 
control groups increased their body weight by 23%, while pigs in the SDP groups showed increases 
of 30-36%. During Phase 2, the control groups exhibited a BW increase of 61% and 57% at Farm 1 and 
Farm 2, respectively, with SDP groups showing increases of 55-61%, the highest being in the 
treatment with SDP inclusion in Phase 2 at Farm 2. However, in the common final phase without SDP 
(days 28/29 to 42), pigs at Farm 1 increased their BW by 43% across all treatments, while those at Farm 
2 increased their BW by 67-71%. Notably, the diet composition during the common period, without 
SDP, was similar in protein levels between the two nutritional strategies (17.5% and 18.2% for Farms 
1 and 2, respectively), with slightly higher metabolizable energy (ME) for Farm 1 (3312 kcal/kg) 
compared to Farm 2 (3280 kcal/kg). The lower specifications for essential amino acids in the Farm 1 
diet may partially explain the differences observed during this period. Synthetic amino acids like L-
Lysine, DL-Methionine and L-Threonine were supplemented to the low CP diet, however, the 
reduced growth performance may be due not only to the lower levels of these amino acids, but also 
to the limited amount of branched-chain AA and other essential and non-essential AAs in these diets 
that positively affect feed intake and protein deposition in the muscle of pigs [23,24]. 

Furthermore, it was observed that the initial BW of pigs at Farm 2 was approximately 1.7 kg 
heavier than that of control pigs at Farm 1. This initial weight difference could contribute to the 
performance disparity between the pigs, as each kilogram difference at weaning is expected to 
translate to a 2-3 kg difference by the end of the nursery phase [5]. However, the final BW difference 
at the end of the nursery was 7.45 kg greater for the control group at Farm 2 compared to Farm 1, 
suggesting that the low-protein diet strategy employed at Farm 1 may have contributed to limited 
pig growth during the nursery phases (Figure 1). 

The primary motivation for reducing protein levels in Phase 1 and 2 diets in Europe following 
the ban on therapeutic levels of zinc oxide has been to mitigate post-weaning diarrhea and reduce 
mortality, particularly during the first and second weeks after weaning [25]. Without the 
pharmacological protection of zinc oxide, the clinical risk of edema disease caused by E. coli has re-
emerged as a significant concern for the industry. More than 50% of surveyed German farms have 
reported animals positive for the verotoxin gene, indicating a widespread susceptibility to edema 
disease [2]. Miller et al. [26] identified two distinct peaks of fecal looseness during phases 1 and 2 of 
the nursery periods: the first around day 4, corresponding to infections with E. coli K88 and Rotavirus 
A, and the second around day 17, associated with E. coli F18 infection. Supporting this, Spanish 
nursery farms reported a drastic increase in the prevalence of E. coli F18 (from 18% to 28%) and STX2e 
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(from 19% to 34%) between 2022 and 2023 [27], suggesting a clear impact of the zinc oxide ban on the 
rising presence of these pathogens. 

In our study, conducted at Farm 1, no significant differences in overall fecal scores were 
observed between treatments, indicating an absence of PWD issues during the trial. Similarly, there 
were no significant differences in mortality or morbidity between treatments. Notably, the treatment 
group receiving SDP during phases 1 and 2 exhibited the lowest numerical mortality and culling 
rates, particularly during phase 2, and required less medication, compared to the treatment group 
receiving SDP only in phase 1. This suggests that although the reduced protein phase 2 diet may have 
limited performance gains from SDP, the animals’ health status was improved by including SDP in 
phase 2 diet. These findings align with the well-documented health benefits associated with SDP 
[7,13]. Similarly, Bailey et al., [19] feeding pigs with Low CP diet during the first period found that 
supplementing SDP was correlated with improved intestinal barrier and protein utilization and 
lower activation of the immune system that resulted in improved performance during that period 
and lower fecal score. 

Additionally, at Farm 2, despite having higher protein levels in the nursery diets, no PWD 
problems were observed during the study. This suggests that higher dietary protein levels are not 
necessarily correlated with increased diarrhea incidence, and that other factors, such as farm 
conditions, management practices, and overall farm status, play critical roles in preventing PWD. 
Deng et al., [28] proved that the addition of very digestible animal protein like fish meal, poultry meal 
or SDP in phases 1, 2 and 3 replacing 0%, 33%, 66% or 100% of soy protein concentrate linearly 
increased final BW, ADG and ADFI without reporting diarrhea problems, like what we observed in 
our study. In addition, Bailey et al. [19] reported improved protein utilization as indicated by lower 
plasma urea N when pigs were fed normal CP phase 2 diets containing SDP. Therefore, SDP can be 
considered a key ingredient in nursery diets, effectively addressing the challenge of reducing dietary 
protein to prevent PWD, while simultaneously improving growth performance, even in the absence 
of therapeutic levels of zinc oxide. 

5. Conclusions 

In summary, our results suggest that the prolonged use of low-protein diets in weaning 
strategies may negatively impact nursery performance. However, the inclusion of SDP as a functional 
and highly digestible ingredient enables European pig producers to increase protein levels in post-
weaning diets without elevating the risk of diarrhea. Incorporating SDP in phase 2 diets not only 
enhances nursery performance but also it may reduce mortality and the need for medication 
associated with stress during this critical period. Additionally, the use of SDP supports sustainable 
farming practices by promoting resource efficiency and reducing the environmental impact of pig 
production. 

These findings underscore the potential of SDP to improve piglet performance and health during 
the crucial post-weaning phase, providing a viable nutritional strategy to resolve the challenge of 
using low-protein diets to mitigate the risk of post-weaning diarrhea while avoiding the associated 
growth restrictions. 
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