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Abstract

Spray dried plasma (SDP) is commonly used in phase 1 diets for weanling pigs, but it is unknown if SDP affects energy or nutrient digestibility
of the subsequent diet. Therefore, two experiments were conducted to test the null-hypothesis that inclusion of SDP in a phase 1 diet fed to
weanling pigs will not affect energy or nutrient digestibility of a phase 2 diet without SDP. In experiment 1, 16 newly weaned barrows with an
initial body weight (BW) of 4.47 + 0.35 kg were randomly allotted to a phase 1 diet without SDP or a diet including 6% SDP for 14 d. Both diets
were fed on an ad libitum basis. All pigs (BW: 6.92 + 0.42 kg) had a T-cannula surgically inserted in the distal ileum, moved to individual pens,
and fed the common phase 2 diet for 10 d with ileal digesta collection on days 9 and 10. In experiments 2, 24 newly weaned barrows (initial
BW: 6.60 + 0.22 kg) were randomly allotted to phase 1 diets without SDP or a diet containing 6% SDP for 20 d. Both diets were provided on an
ad libitum basis. All pigs (BW: 9.37 + 1.40 kg) were then moved to individual metabolism crates and fed the common phase 2 diet for 14 d with
the initial 5 d being the adaptation period to the diet followed by 7 d of fecal and urine collection according to the markerto-marker procedure.
The apparent ileal digestibility (AID) of starch, crude protein (CP), amino acids (AA), and acid hydrolyzed ether extract (AEE), was determined
in experiment 1, and the apparent total tract digestibility (ATTD) of gross energy (GE), insoluble-, soluble-, and total-dietary fiber, Ca, and P and
the retention and biological value of N were determined in experiment 2. The statistical model included diet as fixed effect and block and pig
within block as random effects. Results of experiment 1 indicated that the AID of starch, CE AEE, and AA in phase 2 were not affected by phase
1 treatment. Results of experiment 2 indicated that the ATTD of GE, insoluble-, soluble-, and total-dietary fiber, Ca, and P and N retention and
biological value in phase 2 were also not affected by phase 1 treatment. In conclusion, feeding weanling pigs a diet with 6% SDP in phase 1 did
not affect the AID or ATTD of energy and nutrients in a phase 2 diet without SDP.

Lay Summary

Highly digestible and palatable ingredients are usually included in diets for newly weaned pigs to improve feed consumption and nutrient
digestibility. Weaning typically causes a decrease in digestion and nutrient absorption, but inclusion of sprayed dried plasma (SDP) in phase
1 diets to weanling pigs may increase nutrient digestibility. However, data to demonstrate possible effects of including SDP to a phase 1 diet
for newly weaned pigs on nutrient digestibility of a phase 2 diet without SDP are limited. Therefore, two experiments were conducted to test
the hypothesis that inclusion of SDP in a phase 1 diet fed to weanling pigs does not affect the energy or nutrient digestibility of a phase 2 diet
without SDP. Results of the two experiments demonstrated that weaned pigs fed a phase 1 diet with 6% SDP did not increase nutrient or
energy digestibility of phase 2 compared with pigs fed diets without SDP indicating that SDP had no carryover effects on nutrient digestibility.
Therefore, it appears that feeding SDP in phase 1 diets to weanling pigs does not cause long-term intestinal changes that will affect digestibility
of nutrients and energy in phase 2.
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Abbreviations: AA, amino acids; AEE, acid hydrolyzed ether extract; AID, apparent ileal digestibility; ATTD, apparent total tract digestibility; BW, body weight;
CP, crude protein; DE, digestible energy; DM, dry matter; GE, gross energy; IDF, insoluble dietary fiber; ME, metabolizable energy; SDF, soluble dietary fiber; SDP,
spray dried plasma; TDF, total dietary fiber

Introduction digestion and absorption of nutrients (Lallés et al., 2004; Zhang
et al., 2015). Highly palatable and digestible ingredients are
often included in formulation of diets for newly weaned pigs
to promote feed intake and to supply a concentrated source of
nutrients (Kil and Stein, 2010; Torrallardona, 2010).

Spray dried plasma (SDP) is an animal protein with highly
digestible amino acids (AA) and P (Mateo and Stein, 2007;
Almeida et al., 2013). The AA provided by SDP are 92% to

Weaning is a stressful period for pigs because they are removed
from the sow, mixed with pigs from other litters, moved to a
new environment, and transitioned from sows’ milk to solid
feed (Torrallardona, 2010). Weaning often results in a decrease
in the total weight of the mucosal layer and tissue in the small
intestine (Lallés et al., 2004). Villus height and crypt depth in
the duodenum also decrease after weaning leading to reduced
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100% digestible by pigs (Almeida et al., 2013), and when
included in diets for weanling pigs, protein synthesis and growth
performance are improved (van Dijk et al., 2001). Phosphorus
is required for the development and maintenance of skeletal
tissue (Veum, 2010), and the P in SDP is nearly 100% digest-
ible by pigs (Almeida and Stein, 2011). The beneficial effects
of including SDP in diets for weanling pigs on growth perfor-
mance is more pronounced in the first week postweaning com-
pared with the second week, and continued improvements in
growth performance have not always been observed after pigs
are fed a diet without SDP (van Dijk et al., 2001). Additionally,
SDP contains immunoglobulins, which are biologically active
proteins that act in the intestinal tract to prevent pathogen
colonization of the mucosal membrane leading to an improve-
ment of intestinal barrier function and a reduction of intestinal
inflammation (Peace et al., 2011). These improvements in intes-
tinal health may result in increased nutrient digestibility and it
is possible that these improvements will carry over to the fol-
lowing phase. If that is the case, it is expected that pigs fed SDP
in phase 1 will have greater digestibility of energy and nutrients
in phase 2 than pigs fed no SDP in phase 1. However, data to
demonstrate improved digestibility of energy and nutrients in
phase 2 if pigs are fed SDP in phase 1 are limited. Therefore,
the objective of this experiment was to determine digestibility
of energy and nutrients in weanling pigs. The null hypothesis
that there was no carryover effect of feeding a diet with SDP to
pigs in phase 1 on the ileal and total tract digestibility of energy
and nutrients of a diet without SDP fed in phase 2 was tested.

Materials and Methods

Before initiation of animal work, the Institutional Animal Care
and Use Committee at the University of Illinois reviewed and

Table 1. Ingredient composition of experimental diets, experiments 1 and 2
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approved protocols for both experiments (numbers 18190
and 19130). In both experiments, barrows that were the off-
spring of Line 359 boars mated to Camborough females were
used (Pig Improvement Company, Hendersonville, TN, USA).

Diets, animals, and feeding

In both experiments, SDP (i.e., Appetein B; APC LLC, Ankeny,
IA, USA) was fed. Two phase 1 diets were formulated without
or with 6% SDP and a common phase 2 diet without SDP
was also fed (Tables 1,2, and 3). In experiment 1, the phase 2
diet contained 0.40% chromic oxide to enable calculation of
apparent ileal digestibility (AID). Vitamins and minerals were
included in all diets to meet or exceed current nutritional
requirements for 5 to 7 kg or 7 to 11 kg pigs in phase 1 and
phase 2, respectively (NRC, 2012). All diets were provided in
meal form and a sample of the main ingredients and all diets
were collected at the time of diet mixing and were used for
the chemical analysis.

In experiment 1, 16 barrows that had an initial body weight
(BW) of 4.47 = 0.35 kg at weaning (20 = 2 d of age) were
randomly allotted to be fed a phase 1 diet without or with
6% SDP. Pigs were fed their assigned diet on an ad libitum
basis for 2 wk. Pigs were group housed in pens (1.8 x 1.2 m;
4 pigs per pen) that had a fully slatted floor, a feeder (Thorp
Equipment, model ND-30SC; Thorp, W1, USA), and a nipple
drinker in an environmentally controlled room (26 to 28 °C).
After 2 wk, all pigs (BW: 6.92 =+ 0.42 kg) had a T-cannula sur-
gically installed in the distal ileum (Stein et al., 1998). Follow-
ing surgery, pigs were moved to individual pens (1.2 x 1.5 m)
in an environmentally controlled room (20 °C to 22 °C). Pens
had fully slatted tribar floors and smooth walls composed
of white polyvinyl chloride. A feeder (Thorp Equipment,
model WDUP-32; Thorp, WI, USA) and a nipple drinker were

Item, % Phase 1!

Phase 2

Experiments 1 and 2

Experiment 1 Experiment 2

Spray dried plasma - 6.00 - -

Corn, ground 40.88 43.16 44.87 48.65
Soybean meal 25.00 25.00 30.00 25.00
Whey powder 20.00 20.00 15.00 15.00
Soy protein concentrate 8.00 - - 5.00
Fish meal - - 5.00 -

Soybean oil 3.14 3.10 3.00 3.50
Limestone, ground 0.95 1.20 0.86 0.99
Dicalcium phosphate 1.10 0.80 0.30 1.00
Sodium chloride 0.10 0.10 0.10 0.10
L-Lys HCI 0.38 0.29 0.20 0.36
DL-Met 0.20 0.15 0.10 0.16
L-Thr 0.10 0.05 0.02 0.09
Chromic oxide - - 0.40 -

Vitamin mineral premix? 0.15 0.15 0.15 0.15

Phase 1 treatments (0% SDP or 6% SDP).

?The vitamin-micromineral premix provided the following quantities of vitamins and micro minerals per kilogram of complete diet: vitamin A as retinyl
acetate, 11,136 IU; vitamin D3 as cholecalciferol, 2,208 IU; vitamin E as DL-alpha tocopheryl acetate, 66 IU; vitamin K as menadione dimethylprimidinol
bisulfite, 1.42 mg; thiamin as thiamin mononitrate, 0.24 mg; riboflavin, 6.59 mg; pyridoxine as pyridoxine hydrochloride, 0.24 mg; vitamin B12, 0.03 mg;
D-pantothenic acid as D-calcium pantothenate, 23.5 mg; niacin, 44.1 mg; folic acid, 1.59 mg; biotin, 0.44 mg; Cu, 20 mg as copper sulfate and copper
chloride; Fe, 126 mg as ferrous sulfate; I, 1.26 mg as ethylenediamine dihydriodide; Mn, 60.2 mg as manganese sulfate; Se, 0.3 mg as sodium selenite and
selenium yeast; and Zn, 125.1 mg as zinc sulfate.
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Table 2. Analyzed nutrient composition of ingredients and diets (as-fed basis), experiment 1

Item Ingredients Phase 1 diet Phase 2 diet
SDP! Corn Soybean meal Whey powder Soy protein concentrate Fish meal 0% SDP 6% SDP 0% SDP
Gross energy, keallkg 4,914 3,840 4,113 3,677 4,331 4244 3954 4,050 4,035
Dry matter, % 93.91 86.82 88.49 89.38 89.92 91.14 88.82 89.29 89.06
Starch, % - 69.71 - - - - 27.77 31.21 33.15
Crude protein, % 79.26 7.21 45.97 12.19 58.31 62.54 20.01 21.43 23.80
Ash, % 8.46 1.09 6.98 7.49 6.04 20.10 6.19 6.35 6.24
AEE% % 0.47 3.15 1.25 1.31 0.77 6.48 4.48 5.02 4.85
Indispensable AA2, %
Arg 4.66 0.32 3.26 0.38 4.23 3.65 1.28 1.22 1.29
His 2.48 0.19 1.21 0.25 1.49 1.20 0.51 0.55 0.53
Ile 2.48 0.24 2.29 0.60 2.92 2.56 0.98 0.89 0.97
Leu 7.56 0.76 3.56 1.15 4.6 4.22 1.71 1.84 1.75
Lys 7.24 0.24 2.95 0.92 3.63 4.59 1.58 1.56 1.43
Met 0.90 0.13 0.61 0.17 0.75 1.59 0.51 0.38 0.45
Phe 4.26 0.33 2.42 0.42 3.17 2.40 1.01 1.03 1.03
Thr 5.33 0.24 1.79 0.69 2.24 2.44 0.88 1.03 0.86
Trp 1.44 0.04 0.59 0.18 0.79 0.55 0.26 0.30 0.26
Val 5.49 0.31 2.26 0.63 2.89 2.89 1.03 1.12 1.02
Total 41.84 2.80 20.94 5.39 26.71 26.09 9.75 9.92 9.59
Dispensable AA, %
Ala 3.93 0.48 2.02 0.54 2.55 3.95 0.97 1.03 1.07
Asp 7.96 0.44 S5.15 1.11 6.56 5.36 2.17 2.08 2.11
Cys 2.67 0.15 0.66 0.26 0.85 0.48 0.34 0.47 0.31
Glu 11.26 1.18 8.33 1.80 10.58 8.19 3.63 3.41 3.61
Gly 2.78 0.27 1.96 0.28 2.46 4.73 0.82 0.79 0.96
Pro 4.32 0.57 2.33 0.62 3.05 2.99 1.16 1.18 1.17
Ser 5.32 0.31 1.96 0.54 2.53 2.18 0.88 0.97 0.89
Tyr 4.16 0.22 1.61 0.29 2.09 1.80 0.69 0.75 0.68
Total 42.40 3.62 24.02 5.44 30.67 29.68 10.66 10.68 10.80
Total AA, % 84.24 6.42 44.96 10.83 57.38 55.77 20.41 20.60 20.39

ISDP, spray dried plasma.
2AEE, acid hydrolyzed ether extract; AA, amino acids.

installed in each pen. Pens also were equipped with a heat
lamp and a floor mat. All pigs were fed the common phase
2 diet without SDP immediately after surgery for 10 d. Feed
was restricted while the pigs recovered from surgery, begin-
ning with a full hand of feed in the first day after surgery and
progressing to 1.5 cups of feed on days 2 and 3. Beginning on
day 4, postsurgery feed was provided on an ad libitum basis.
All pigs had free access to water during the entire experiment.

In experiment 2, 24 barrows weaned at 20 = 2 d (initial
BW: 6.60 = 0.22 kg) were randomly allotted to be fed a phase
1 diet without or with 6% SDP for. Pigs were group housed
in pens (1.8 x 1.2 m; 4 pigs per pen) in an environmentally
controlled room and fed their assigned diet for 20 d. All pigs
(BW: 9.37 = 1.40 kg) were then moved to individual metabo-
lism crates that were equipped with a feeder, a nipple drinker,
a fully slatted stainless steel screen floor, and a urine tray,
which allowed for the total, but separate, collection of feces
and urine. All pigs were fed the common phase 2 diet without
SDP for 14 d. Feed was provided in a daily amount of 3.3
times the maintenance energy requirement (i.e., 197 kcal/kg
BW¢0; NRC, 2012) and provided in two equal meals at 0700

and 1600 hours. Water was available at all times throughout
the experiment.

Sample collection

In experiment 1, pig weights were recorded at the beginning
of the experiment, before cannulation, and at the conclusion
of the experiment. Ileal digesta collection occurred on days 9
and 10 for 9 h (from 0700 to 1600 hours). In short, a plastic
bag was attached to the cannula barrel and digesta flowing
into the bag were collected. Bags were removed when filled
with ileal digesta, or at least once every 30 min, and immedi-
ately frozen at -20 °C to prevent bacterial degradation of the
AA in the digesta (Stein et al., 1998). At the conclusion of the
experiment, ileal digesta samples were thawed, homogenized,
and a subsample was lyophilized and ground through a 0.5-
mm screen prior to chemical analysis.

In experiment 2, the initial 5 d were considered the adap-
tation period to the diet followed by 7 d of fecal and urine
collection according to the marker-to-marker procedure (Ade-
ola, 2001). The start marker (i.e., indigo carmine - 0.5%) was
mixed into the morning meal on day 6 and fecal collections
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Table 3. Analyzed nutrient composition of ingredients and diets (as-fed basis), experiment2

Item Ingredients Phase 1 diet Phase 2 diet
SDP! Corn Soybean meal Whey powder Soy protein concentrate 0% SDP 6% SDP 0% SDP
Gross energy, kcal/kg 4929 3,822 4223 3,614 4,378 4032 4016 4,060
Dry matter, % 93.84 85.97 88.15 90.04 90.52 88.81 88.83 88.39
Starch, % - 60.20 - - 25.56 23.62 28.86
Crude protein, % 79.75 6.48 46.90 10.76 63.13 21.49 22.12 18.96
Total dietary fiber, % 6.20 8.60 16.30 ND 25.80 10.70 8.90 10.50
Insoluble dietary fiber, % 2.90 8.60 15.90 ND? 18.70 10.40 8.70 10.20
Soluble dietary fiber, % 3.40 ND 0.40 ND 7.00 0.30 0.10 0.10
Ash, % 9.35 1.14 6.14 8.15 6.77 5.76 6.08 5.23
Calcium, % 0.12 0.01 0.31 0.48 0.39 0.85 0.97 1.24
Phosphorus, % 1.64 0.25 0.55 0.53 0.58 0.55 0.58 0.48
Indispensable AA?, %
Arg 4.54 0.35 3.21 0.22 4.49 1.28 1.12 1.21
His 2.42 0.21 1.15 0.18 1.65 0.52 0.51 0.50
Ile 2.5 0.26 2.22 0.63 3.12 0.98 0.83 0.91
Leu 7.48 0.76 3.59 1.01 4.94 1.74 1.73 1.64
Lys 7.25 0.29 2.86 0.83 4.00 1.61 1.50 1.41
Met 0.96 0.15 0.61 0.13 0.87 0.48 0.42 0.38
Phe 4.16 0.33 2.32 0.32 3.23 1.00 0.94 0.94
Thr 5.10 0.25 1.72 0.64 2.41 0.95 0.94 0.82
Trp 1.54 0.06 0.63 0.86 0.29 0.32 0.26
Val 5.58 0.35 2.31 0.58 3.22 1.01 1.07 0.98
Total 41.53 3.01 20.62 4.74 28.79 9.86 9.38 9.05
Dispensable AA, %
Ala 3.94 0.51 1.96 0.49 2.74 0.98 0.98 0.95
Asp 7.95 0.51 5.08 1.04 7.10 2.20 1.94 2.01
Cys 2.75 0.17 0.61 0.24 0.89 0.33 0.40 0.30
Glu 11.31 1.23 8.16 1.73 11.43 3.69 3.22 3.43
Gly 2.77 0.31 1.93 0.20 2.66 0.82 0.75 0.80
Pro 4.05 0.61 2.26 0.58 3.18 1.14 1.10 1.11
Ser 5.01 0.31 1.86 0.41 2.66 0.89 0.89 0.84
Tyr 3.83 0.16 1.64 0.20 2.19 0.67 0.71 0.63
Total 41.61 3.81 23.50 4.89 32.85 10.72 9.99 10.07
Total AA, % 83.14 6.82 44.12 9.63 61.64 20.58 19.37 19.12

'SDP, spray dried plasma.
2ND, not detected; AA, amino acids.

were initiated when the marker appeared in the feces. Fecal
collections ceased when the stop marker (i.e., ferric oxide -
1%), which was mixed into the morning meal on day 13,
appeared in the feces. All pigs were weighed at the beginning
of the experiment, prior to moving into metabolism crates,
and at the end of the collection period. Orts were collected
daily and weighed to determine feed intake. During the col-
lection period, feces were collected twice daily and stored at
-20 °C immediately after collection. Urine was collected over
a preservative of 50 mL of 6 N HCl in buckets placed under
the metabolism crates. The urine buckets were emptied daily,
the weight of the collected urine was recorded, and 20% was
stored at =20 °C. At the conclusion of the experiment, fecal
samples were dried at 65 °C in a forced air oven (Metalab
Equipment Corp., Hicksville, NY, USA) and finely ground
through a 0.5-mm screen using a 500G stainless steel mill
grinder (RRH, Zhejiang, China) prior to chemical analysis.

Urine samples were thawed, mixed, and two subsamples were
collected. One urine subsample was lyophilized and the other
subsample was stored at ~20°C until analysis for N.

Chemical analysis

In both experiments, all diet and ingredient samples were
analyzed for dry matter (DM; method 927.05; AOAC Int.,
2007) and ash (method 942.05; AOAC Int., 2007). Gross
energy (GE) was analyzed using an isoperibol bomb calorim-
eter (Model 6400, Parr Instruments, Moline, IL, USA). The
concentration of N was analyzed by combustion (method
990.03; AOAC Int., 2007) using a LECO FP628 analyzer
(LECO Corp., Saint Joseph, MI, USA) with subsequent calcu-
lation of crude protein (CP) as N x 6.25. All diets and ingre-
dients were also analyzed for AA [method 982.30 E (a, b, ¢);
AOAC Int., 2007], and for total starch using the glucoamylase
procedure (method 979.10; AOAC Int., 2007).
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In experiment 1, diet, ingredient, and ileal digesta samples
were analyzed for acid hydrolyzed ether extract (AEE) by
acid hydrolysis using 3 N HCl (AnkomHCI, Ankom Tech-
nology, Macedon, NY) followed by crude fat extraction using
petroleum ether (method 2003.06, AOAC Int., 2019) on a
Ankom*™ (Ankom Technology, Macedon, NY). Ileal digesta
samples were also analyzed for DM, N, AA, and starch as
described for diets and ingredients. The phase 2 diet and all
ileal digesta samples were analyzed for chromium (method
990.08; AOAC Int., 2007).

In experiment. 2, all diet, ingredient, and fecal samples were
analyzed for Ca and P by inductively coupled plasma spec-
troscopy (method 985.01 A, B, and C; AOAC Int., 2007) after
wet ash sample preparation (method 975.03 B(b); AOAC
International, 2007). The lyophilized urine samples and dried
fecal samples were analyzed for GE as described for experi-
ment 1, and fecal samples and urine samples that were not
lyophilized were analyzed for N using the Kjeldahl method
(method 984.13; AOAC Int., 2007) on a Kjeltec 8400 (FOSS
Inc., Eden Prairie, MN, USA) with subsequent calculation of
CP using a conversion factor of 6.25. Fecal samples were also
analyzed for DM and ash, and insoluble dietary fiber (IDF)
and soluble dietary fiber (SDF) were analyzed in ingredients,
diets, and fecal samples according to method 991.43 (AOAC
Int., 2007) using the Ankom Dietary Fiber Analyzer (Ankom

Technology, Macedon, NY, USA). Total dietary fiber (TDF)
was calculated as the sum of IDF and SDE

Samples were analyzed for AA and chromium at Chem-
ical Laboratories, University of Missouri, Columbia, MO,
USA and starch was analyzed at Illinois Crop Improvement,
Champaign, IL, USA. All other analyses were conducted in
the Monogastric Nutrition Laboratory, University of Illinois,
Urbana, IL, USA.

Calculations and statistical analysis

In experiment 1, AID of CP, AA, starch, and AEE for the
phase 2 diet was calculated (Stein et al., 2007), and in exper-
iment 2, the apparent total tract digestibility (ATTD) of GE,
SDF, IDE, TDE, N, Ca, and P was calculated (NRC, 2012).
The digestible energy (DE) and metabolizable energy (ME) in
the diet was calculated by subtracting the GE in feces and the
GE in feces and urine, respectively, from GE in the diet (NRC,
2012). The retention of N for each pig was also calculated
(Pedersen et al., 2007). The biological value of N in the diet
was calculated by expressing N retention as a percentage of
the difference between N intake and N output in feces (Rojas
and Stein, 2013).

Normality of residuals was verified and outliers were iden-
tified using the UNIVARIATE and BOXPLOT procedures,
respectively (SAS Inst. Inc., Cary, NC, USA) for both experi-
ments. Outliers were removed if the value deviated from the

Table 4. Apparent ileal digestibility of acid hydrolyzed ether extract (AEE), starch, crude protein, and amino acids (AA) in the phase 2 diet, experiment 1!

Item, % Phase 1 diet, % SDP? Pooled SEM P-value
0 6
Starch 91.6 90.6 0.60 0.27
AEE 75.7 74.1 1.69 0.52
Crude protein 72.7 72.2 1.44 0.84
Indispensable AA
Arg 84.8 85.5 0.85 0.57
His 77.9 77.9 1.29 1.00
Ile 77.7 77.4 1.06 0.86
Leu 77.9 76.8 1.24 0.56
Lys 75.6 76.3 1.28 0.70
Met 85.1 84.2 0.78 0.41
Phe 77.4 76.6 1.21 0.62
Thr 67.6 66.9 1.32 0.74
Trp 78.7 78.6 1.04 0.96
Val 74.9 73.8 1.34 0.56
Mean 77.5 77.2 1.10 0.83
Dispensable AA
Ala 71.6 70.2 1.41 0.49
Asp 70.8 71.0 1.09 0.90
Cys 58.6 58.3 2.43 0.92
Glu 77.3 78.9 7.83 0.89
Gly 60.1 60.4 2.33 0.93
Ser 73.8 74.4 1.10 0.71
Tyr 72.7 72.6 1.25 0.93
Mean 78.6 77.5 1.03 0.44
Total AA 72.7 72.4 1.61 0.90

'Data are least squares means of eight observations for pigs fed the phase 1 diet without SDP and seven observations for pigs fed the phase 1 diet with SDP.

2SDP, spray dried plasma.
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1st or 3rd quartiles by more than three times the interquar-
tile range (Tukey, 1977). Data were analyzed using PROC
MIXED of SAS (SAS Institute Inc. Cary, NC, USA) with the
pig as the experimental unit for all analyses. For both exper-
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iments, data were analyzed in a randomized complete block
design with BW used as the blocking factor. The statistical
model to determine phase 2 differences in AID of CP, AA,
starch, and AEE (experiment 1) or ATTD of GE, DE, ME,

Table 5. Apparent total tract digestibility of gross energy (ATTD), Ca, P, digestible energy, and metabolizable energy in the phase 2 diet (as-fed basis),

experiment 2'

Item Phase 1 diet, % SDP? Pooled SEM P-value
0 6
Intake
Feed intake, g/d 670 679 18 0.728
Gross energy, Mcal/d 2.72 2.76 0.07 0.731
Calcium, g/d 8.31 8.41 0.22 0.739
Phosphorus, g/d 3.23 3.27 0.09 0.728
Insoluble dietary fiber, g/d 68.32 69.21 1.81 0.731
Soluble dietary fiber, g/d 0.67 0.68 0.02 0.668
Total dietary fiber, g/d 70.32 71.24 1.86 0.730
Fecal excretion
Dry feces output, g/d 60.3 63.3 2.3 0.359
Gross energy, kcal/d 284 298 11 0.377
Ca, g/d 1.31 1.41 0.06 0.290
P, g/d 1.44 1.47 0.05 0.663
Insoluble dietary fiber, g/d 18.27 18.64 0.64 0.692
Soluble dietary fiber, g/d 1.83 1.74 0.22 0.782
Total dietary fiber, g/d 20.12 20.38 0.75 0.810
ATTD, %
Gross energy 89.6 89.1 0.4 0.394
Calcium 84.1 83.0 0.9 0.416
Phosphorus 55.4 54.7 1.3 0.696
Insoluble dietary fiber 73.2 73.1 0.7 0.869
Soluble dietary fiber -179.9 -151.8 32.9 0.553
Total dietary fiber 71.3 71.4 0.8 0.906
Digestible energy in diet, kcal/kg 3,636 3,619 14 0.394
Urine output, kg/d 2.30 2.72 0.30 0.334
Urinary gross energy output, kcal/d 100 116 10 0.246
Metabolizable energy in diet, kcal/kg 3,488 3,449 13 0.041

'Data are least squares means of 12 observations for pigs fed the phase 1 diet without SDP and 11 observations for pigs fed the phase 1 diet with SDP.

2SDP, spray dried plasma.

Table 6. Nitrogen balance of pigs fed a phase 2 diet without spray dried plasma, experiment 2'

Item Phase 1 diet, % SDP? Pooled SEM P - value
0 6
Feed intake, g/7 d 4,688 4,750 124 0.731
N intake, g/7 d 142 144 4 0.731
N output in feces, g/7 d 17.8 19.6 0.9 0.165
N output in urine, g/7 d 21.9 21.2 1.2 0.686
ATTD? of N, % 87.5 86.3 0.6 0.181
N retention, g/7 d 102 103 3 0.838
N retention, % 72.1 71.7 0.6 0.641
Biological value?, % 82.4 83.1 0.6 0.412

'Data are least squares means of 12 observations for the phase 1 diet without SDP and 11 observations for phase 1 diet with SDP.

2SDP, spray dried plasma.
SATTD, apparent total tract digestibility.

“Biological value was calculated as (N retained/ [N intake — N output in feces]) x 100 (Rojas and Stein, 2013).

€20z Iudy |z uo sesn Aeiqr ABojoig Aq 6606G0.2/G90Pe)S/SElIE60 101 /10p/8]01E/SEl/W00 dno"olWwepede//:sdjy Woly pepeojumod



Bailey et al.

IDE, SDF, TDE, Ca, and P (experiment 2) between pigs fed
a phase 1 diet without or with 6% SDP included phase 1
diet as the fixed effect and block and pig within block as the
random effects. Treatment means were calculated using the
LSMEANS statement in SAS, and if significant, means were
separated using the PDIFF option in the MIXED procedure.
For all analyses, an alpha value of 0.05 was used to assess
significance among means.

Results and Discussion

One pig was removed from experiment 1 on day 4 after can-
nulation, but all other pigs in both experiments remained
healthy and readily consumed their daily feed allowances.
Following data analysis, one pig in experiment 2 was identi-
fied as an outlier and removed.

Experiment 1: ileal digestibility

No impact of phase 1 diet on phase 2 feed intake was
observed. The AID of starch, CP, AA, and AEE in phase 2
were not different between pigs fed the phase 1 diet without
SDP and pigs fed the phase 1 diet with 6% SDP (Table 4). We
believe this is the first time this effect has been reported in
pigs. In an experiment with broiler chickens where SDP was
fed at three inclusion levels (0, 10, or 20 g/kg) from hatch to
10 d of age followed by a commercial diet without SDP until
24 d of age (Beski et al., 2016), the ileal digestibility of DM,
GE, CP, and AA did not differ among treatments. Beski et al.
(2016). It therefore appears that inclusion of SDP in phase 1
diets for pigs or broiler chickens does not affect ileal digest-
ibility of starch, CP, AA, or AEE in the subsequent diet.

Experiment 2: total tract digestibility

The average daily intake and average daily gain in phase 2
were not impacted by the diet provided in phase 1 (data not
shown). This observation is in agreement with van Dijk et al.
(2002) who reported that weaned pigs fed a diet containing
3% SDP during the initial 21 d postweaning did not have
greater growth performance during the subsequent phase
compared with control pigs fed no SDP in phase 1.

The ATTD of GE, IDFE, SDF, TDE Ca, and P was not
affected by phase 1 diet (Table 5). These data are in agree-
ment with Pendergraft et al. (1993) who observed no differ-
ences in ATTD of DM after pigs previously fed a diet without
or with SDP were fed a nonSDP diet for 6 d. In the current
experiment, the ME in the phase 2 diet fed to pigs previously
fed the phase 1 diet with SDP was less (P < 0.05) than the ME
in the phase 2 diet fed to pigs previously fed the phase 1 diet
without SDP, which was the result of a numerical increase in
the urine output and urinary GE output of pigs previously fed
the phase 1 diet with SDP compared with pigs fed the phase
1 diet without SDP. Thomson et al. (1995) observed greater
metabolic energy losses of mice fed a diet with SDP for 21
d compared with control mice fed a diet without SDP. Liver
weights increased for mice fed a diet with SDP compared with
control mice, indicating that dietary SDP may result in hyper-
plasia or hypertrophy of the liver (Thomson et al., 1994). The
increased liver weights may have resulted in an increase in the
basal metabolic rate resulting in increased metabolic losses
(Thomson et al., 1995). Therefore, pigs previously fed a phase
1 diet with SDP may have had increased liver weight resulting
in greater maintenance energy requirements, which may have
resulted in increased urine loss of energy. However, because

liver weights were not determined in the present experiment,
we are not able to confirm this hypothesis.

During the 7-d collection period in experiment2, there were
no differences in feed intake, N intake, or N output in feces
or urine between pigs previously fed the phase 1 diet without
SDP and pigs fed the diet with SDP (Table 6). There were also
no differences in the ATTD of N, N retention, or the biologi-
cal value of N between pigs previously fed a phase 1 diet with-
out SDP or with 6% SDP. These data are in agreement with
Pendergraft et al. (1993) who observed no effect of feeding a
phase 1 diet with SDP on ATTD of N in phase 2. It therefore
appears that provision of SDP in phase 1 does not result in
changes in the intestinal tract that will influence digestibility
in phase 2. The reason for this may be that the intestinal epi-
thelium exhibits rapid turnover, undergoing complete renewal
every 2 to 3 d (Verdile et al., 2019), and therefore, responds
quickly to diet changes. As a consequence, even if a phase 1
diet results in increased intestinal health, this change may not
be maintained in phase 2 due to the rapid intestinal turnover.

Conclusion

Spray dried plasma provides highly digestible AA and P in
diets for weanling pigs. Data from the current experiments
indicate that pigs fed a diet with 6% SDP during the initial 14
to 20 d postweaning and then switched to a diet without SDP
do not have increased AID of starch, CP, AA, or AEE nor did
the ATTD of energy, fiber, Ca, and P, or N retention increase.
Therefore, it is concluded that there was no carryover effect
of feeding SDP in phase 1 on energy and nutrient digestibility
in a phase 2 diet without SDP.
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