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BACKGROUND
The post-weaning period is associated with physiological stress, reduced feed intake, and increased susceptibility 
to digestive disturbances in pigs. Nutritional strategies during this period often focus on maintaining growth 
performance while supporting intestinal health. Spray-dried plasma (SDP) is commonly included in nursery diets, 
while reduced crude protein (CP) diets are sometimes used to help manage post-weaning diarrhea. This study 
evaluated how SDP and dietary CP level interact during the early post-weaning period. 

OBJECTIVE 
To evaluate the effects of spray-dried plasma and reduced crude protein in phase-1 diets on growth performance, 
diarrhea scores, intestinal morphology, and immune-related parameters in weanling pigs. 

NEW RESEARCH SHOWS THAT INCLUDING
SPRAY DRIED PLASMA IN PHASE 1 DIETS
HELPS SUPPORT GUT HEALTH AND MAINTAIN GROWTH 
PERFORMANCE DURING THIS CRITICAL WINDOW
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STUDY DESIGN 
Animals: 
•	 160 weaned pigs 
•	 Initial body weight: 5.89 ± 0.39 kg 
•	 Weaning age: 20 ± 2 days 

Experimental Design:
•	 Randomized complete block design 
•	 32 pens (5 pigs per pen) 

Feeding Phases: 
•	 Phase 1: Days 1–14 post-weaning 
•	 Phase 2: Days 15–28 (common diet without SDP)

MEASUREMENTS
Researchers evaluated:
•	 Growth Performance:

- Average daily gain (ADG)
- Average daily feed intake (ADFI)
- Gain-to-feed ratio (G:F)
- Body weight

•	 Health Indicators:
- Visual diarrhea scores

•	 Intestinal Morphology:
- Villus height
- Crypt depth
- Mucosal thickness

•	 Immune-related Parameters:
- Plasma cytokines
- Mucosal cytokines
- Secretory immunoglobulin A (sIgA)

•	 Blood Parameters:
- White blood cell counts
- Neutrophils and lymphocytes
- Plasma urea nitrogen
- Albumin and total protein

KEY OBSERVATIONS
•	 Growth Performance:

- 	During the first 14 days post-weaning, pigs fed diets 
containing spray-dried plasma had higher ADG, ADFI, 
and gain-to-feed ratio than pigs fed diets without 
plasma.

- 	Pigs fed reduced crude protein diets had lower 
ADG and feed efficiency during the phase-1 period 
compared with pigs fed the higher crude protein 
diets.

•	 Diarrhea Scores:
- 	Lower crude protein diets were associated with lower 

diarrhea scores during the first two weeks post-
weaning.

- 	Spray-dried plasma inclusion did not significantly 
influence diarrhea scores under the conditions of this 
study.

•	 Intestinal Morphology:
- 	 Inclusion of spray-dried plasma was associated with 

greater villus height in the jejunum.
-	 In the ileum, villus height responses varied depending 

on the interaction between crude protein level and 
plasma inclusion.

•	 Immune and Cytokine Measures:
- 	Several mucosal and systemic cytokine 

concentrations varied depending on dietary 
treatment.

- 	Spray-dried plasma inclusion was associated with 
changes in certain systemic cytokine measurements.

•	 Blood Parameters:
- 	White blood cell counts were not influenced by 

crude protein concentration or spray-dried plasma 
inclusion.

- 	Plasma urea nitrogen differed depending on the 
interaction between crude protein level and spray-
dried plasma inclusion.

Crude Protein Spray-Dried Plasma

18.5% CP 0% SDP

18.5% CP 6% SDP

23.0% CP 0% SDP

23.0% CP 6% SDP

Dietary Treatments (Phase 1)
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Table 4. Main effects of crude protein (CP) concentration and inclusion of spray dried plasma (SDP) in
phase 1 diets on growth performance parameters of weaned pigs.∗,†

Item CP, % SDP, % Pooled
SEM

P value‡

SDP, % 18.5 23.0 − 6.0 CP SDP

Days 1 to 14

Initial BW, kg 5.88 5.89 5.89 5.88 0.12 0.464 0.659

ADG, g 92b 118a 86b 123a 10.61 0.003 <0.001

ADFI, g 158b 180a 153b 185a 5.66 0.010 <0.001

G:F 0.56b 0.65a 0.55b 0.66a 0.08 0.039 0.009

Final BW, kg 7.19b 7.56a 7.12b 7.63a 0.12 0.003 <0.001

Days 15 to 28

ADG, g 430 439 463a 406b 12.19 0.591 0.002

ADFI, g 548 575 574 549 16.65 0.160 0.176

G:F 0.78 0.76 0.80a 0.74b 0.03 0.311 <0.001

Final BW, kg 13.72z 14.25y 14.11 13.86 0.26 0.079 0.388

Days 1 to 28

ADG, g 261z 278y 275 264 9.02 0.095 0.318

ADFI, g 353z 377y 364 367 10.91 0.071 0.792

G:F 0.73 0.73 0.75a 0.72b 0.04 0.934 0.031

a,bMeans within a row lacking a common superscript letter differ (P < 0.05).
y,zMeans within a row lacking a common superscript letter differ (0.05 ≤ P < 0.10).
∗Data are least square means of 16 observations for all treatments.
†ADFI, average daily feed intake; ADG, average daily gain; BW, body weight, G:F, gain to feed ratio.
‡There was no interaction between level of CP and SDP for any of the growth performance parameters; therefore, the interaction term was
removed from the final model and only main effects are shown.

FP628 analyzer (LECO Corp., Saint Joseph, MI, USA) with the
subsequent calculation of CP as nitrogen × 6.25. Dry mat-
ter was analyzed in all diet and ingredient samples by oven-
drying at 135 ◦C for 2 h (method 930.15; AOAC Int. 2019),
and dry ash (method 942.05; AOAC Int. 2019) was analyzed
as well. All diet and ingredient samples were analyzed for
acid hydrolyzed ether extract using the acid hydrolysis filter
bag technique (AnkomHCl Hydrolysis System; Ankom Tech-
nology, Macedon, NY, USA) followed by crude fat extraction
using petroleum ether (AnkomXT15 Extractor; Ankom Tech-
nology, Macedon, NY, USA). At the Agricultural Experiment
Station Chemical Laboratories at the University of Missouri,
Columbia, MO, USA, minerals (i.e., Ca, P, Na, Cl, and K) were
analyzed using inductively coupled plasma optical emissions
spectrometry (method 985.01 A, B, and C; AOAC Int. 2019). Di-
ets and ingredients were also analyzed for AA (method 982.30
E (a, b, c); AOAC Int. 2019) and all diets were analyzed for to-
tal starch using the glucoamylase procedure (method 979.10;
AOAC Int. 2019).

Statistical analysis
Normality of residuals was verified and outliers were iden-

tified using the UNIVARIATE and BOXPLOT procedures, re-
spectively (SAS Inst. Inc., Cary, NC, USA). Outliers were re-
moved if they were located outside the lower and upper far
fences, which are located at 3× the interquartile range (Tukey
1977). Data for growth performance, diarrhea scores, tissue
morphology, and mucosa were analyzed by ANOVA using the
PROC MIXED procedure of SAS (SAS Inst. Inc. Cary, NC, USA)
in a randomized complete block design with weaning group
as the blocking factor and pen as the experimental unit. The

model was a 2 × 2 factorial and included the fixed effects of
CP, SDP, and the interaction between CP and SDP, and the ran-
dom effects of block and replicate within block. Blood sam-
ples were collected from the same pig each collection day;
therefore, data were analyzed as repeated measures with un-
structured variance based on the likelihood ratio test using
PROC MIXED and REPEATED procedures of SAS. The model
included the fixed effects of CP, SDP, and the interaction be-
tween CP and SDP, day as the time effect, the random effects
of block and replicate within block, and pig was the sub-
ject. Contrast statements were used with coefficients for un-
equally spaced treatments being generated using the PROC
IML statement in SAS to determine linear and quadratic ef-
fects of day on blood cell counts and plasma AA. Treatment
means were calculated using the LSMEANS statement, and if
an interaction was significant, means were separated using
the PDIFF option in the PROC MIXED procedure. Statistical
significance and tendencies were considered at P < 0.05 and
0.05 ≤ P < 0.10, respectively.

Results

Growth performance
There were no interactions between dietary CP and in-

clusion of SDP in the phase 1 diet for growth performance
(Table 4). At the end of phase 1, greater (P < 0.05) BW was ob-
served for pigs fed the 23.0% CP diet compared with pigs fed
the 18.5% CP diet, and greater (P < 0.05) BW was observed
for pigs fed a diet containing 6% SDP compared with pigs
fed a diet without SDP. During phase 1, pigs fed the diet
with 18.5% CP had reduced (P < 0.05) ADG, ADFI, and G:F
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Table 8. Influence of crude protein (CP) concentration and inclusion of spray dried plasma (SDP) to phase 1 diets fed to weaned
pigs on plasma concentrations of immunoglobulin A (g/mL) and cytokines (ng/mL).∗,†

Item 18.5% CP 23.0% CP Pooled
SEM

P value‡ Day Pooled
SEM P valueSDP, % − 6.0 − 6.0 C S C × S 7 14

IgA 145.8 112.1 148.0 158.8 19.8 0.175 0.517 0.215 124.9 157.5 14.57 0.028

Cytokines

IFN-γ 39.65y 8.08z 14.35yz 12.01yz 8.29 0.209 0.051 0.090 28.27 8.77 4.42 <0.001

IL-1α 0.22 0.10 0.17 0.11 0.03 0.396 <0.001 0.136 0.23 0.07 0.03 <0.001

IL-1β 0.72 0.15 0.45 0.15 0.10 0.169 <0.001 0.161 0.45 0.29 0.06 0.008

IL-1Ra 1.33 1.49 1.25 0.94 0.16 0.056 0.648 0.141 1.42 1.09 0.11 0.044

IL-2 1.19a 0.15b 0.64b 0.16b 0.13 0.044 <0.001 0.040 0.62 0.45 0.10 0.215

IL-4 4.07 0.62 2.45 0.88 0.63 0.281 <0.001 0.140 3.01 1.00 0.42 <0.001

IL-6 0.50y 0.10z 0.31yz 0.13z 0.07 0.230 <0.001 0.084 0.37 0.15 0.05 <0.001

IL-8 0.25 0.19 0.17 0.24 0.04 0.687 0.967 0.153 0.33 0.10 0.02 <0.001

IL-10 1.89y 0.40z 1.19yz 0.42z 0.22 0.121 <0.001 0.090 1.24 0.71 0.16 0.008

IL-12 0.87 0.92 0.91 0.72 0.09 0.290 0.301 0.102 0.80 0.91 0.07 0.035

IL-18 2.89y 0.77z 1.87yz 0.85z 0.30 0.134 <0.001 0.079 2.06 1.13 0.21 0.001

TNF-α 0.85y 0.63yz 0.49z 0.83y 0.18 0.630 0.737 0.089 1.23 0.17 0.12 <0.001

a,bMeans within a row lacking a common superscript letter differ (P < 0.05).
y,zMeans within a row lacking a common superscript letter differ (0.05 ≤ P < 0.10).
∗Data are least square means of 6–8 observations per treatment.
†IFN-γ, interferon-gamma; IgA, immunoglobulin A; IL-, interleukin-; IL-1Ra, interleukin-1 receptor antagonist; TNF-α, tumor necrosis factor-α.
‡P values were calculated to test the main effect of crude protein concentration (C) and inclusion of spray dried plasma (S) and the interaction between crude protein
and spray dried plasma (C × S).

Table 9. Influence of crude protein (CP) concentration and inclusion of spray dried plasma (SDP) in phase 1 diets fed to weaned
pigs on blood cell counts.∗,†

Item 18.5% CP 23.0% CP Pooled
SEM

P value‡ Day Pooled
SEM

P value§

SDP, % − 6.0 − 6.0 C S C × S 7 14 28 L Q

White blood cells 16.21 15.94 15.92 16.17 0.83 0.966 0.990 0.739 10.54 19.81 17.82 0.76 <0.001 <0.001

Neutrophils 35.21 35.29 30.37 35.85 4.06 0.432 0.310 0.322 28.14 47.80 26.60 3.66 0.028 <0.001

Lymphocytes 57.03 57.36 61.14 56.43 4.06 0.579 0.447 0.382 63.69 44.74 65.54 3.62 0.037 <0.001

Plasma urea N 8.25b 10.77ab 11.58a 9.45ab 0.71 0.167 0.788 0.003 11.53 10.88 7.63 0.57 <0.001 0.337

Albumin 2.80 2.80 2.92 2.78 0.06 0.377 0.252 0.284 2.99 2.58 2.90 0.05 0.842 <0.001

Total protein 4.97 4.77 5.08 4.79 0.11 0.556 0.029 0.693 4.86 4.81 5.03 0.08 0.050 0.212

AGR|| 1.33 1.61 1.38 1.44 0.13 0.627 0.205 0.391 1.63 1.19 1.51 0.10 0.821 <0.001

a,bMeans within a row lacking a common superscript letter differ (P < 0.05).
y,zMeans within a row lacking a common superscript letter differ (0.05 ≤ P < 0.10).
∗Data are least square means of 6–8 observations per treatment.
†Units for the blood cell counts: white blood cells, ×103 per μL; neutrophils, % of white blood cells; lymphocytes, % of white blood cells; plasma urea N, mg per dL;
albumin, g per dL; total protein, g per dL.
‡P values were calculated to test the main effect of crude protein concentration (C) and inclusion of spray dried plasma (S) and the interaction between crude protein
and spray dried plasma (C × S).
§P values were calculated to test the linear (L) and quadratic (Q) effects of day.
||AGR, albumin to globulin ratio.

immune activation, and improves feed intake, thereby facil-
itating adaptation to the stress that characterizes the first 2
week following weaning (Campbell et al. 2010; Peace et al.
2011).

Villus atrophy and local inflammation are characteristic of
weaning (Lallès et al. 2004). A decrease in villus height indi-
cates less surface area for nutrient absorption (Yin et al. 2020),
and inflammation of the intestine may result in increased
intestinal permeability (Peace et al. 2011). Dietary SDP can
reduce villus atrophy and mucosal cell production of pro-
inflammatory cytokines by inhibiting pathogen colonization
on themucosalmembrane (Peace et al. 2011; Tran et al. 2014).
The observed increase in villus height in the jejunum of pigs

fed SDP is in agreement with previous data (Torrallardona
2010; Zhang et al. 2015). Reducing dietary CP to 19% increased
the villus height to crypt depth ratio (Opapeju et al. 2008),
whereas a decrease in the villus height to crypt depth ratio
were reported for pigs fed diets where CP was reduced from
18% to 15% (Chen et al. 2018). Previous data are inconclusive
on the effect of reducing dietary CP on intestinal morphol-
ogy of pigs, but reductions of dietary CP by more than 3%
compared with NRC (2012) can have detrimental effects on
intestinal morphology (Yu et al. 2019). The observed reduc-
tion in villus height in the jejunum of pigs fed diets with re-
duced CP is in agreement with Yue and Qiao (2008) and may
be associated with reduced protein synthesis due to an insuf-
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Table 4: Main effects of crude protein (CP) concentration and inclusion of spray dried plasma (SDP) in phase 1 
diets on growth performance parameters of weaned pigs. *, †

Table 8: Influence of crude protein (CP) concentration and inclusion of spray dried plasma (SDP) to phase 1 diets fed to 
weaned pigs on plasma concentrations of immunoglobulin A (g/mL) and cytokines (ng/mL). *, †
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Plasma inclusion in diets for newly weaned pigs improved growth 
performance and reduced systemic inflammation.
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CONCLUSION
Including spray-dried plasma (SDP) in diets for newly weaned pigs improved growth performance and reduced 
systemic inflammation. Lowering dietary crude protein reduced diarrhea but also reduced growth efficiency and 
intestinal villus height unless SDP was included, indicating that SDP can help support gut structure and overall piglet 
health when protein levels are reduced.

BOTTOM LINE
Adding 6% spray-dried plasma to weanling pig diets improved growth performance and reduced systemic 
inflammation, while lowering dietary crude protein reduced diarrhea but could compromise gut structure, unless 
plasma was included in the phase 1 diet.


