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Abstract

This study aimed to evaluate the effects of replacing spray-dried plasma protein (SDPP) with hydrolyzed
porcine intestinal protein (HP) in weaning pigs and determine the optimal replacement ratio. Ninety-six
crossbred weaning pigs (initial body weight 7.35 = 0.67 kg) were used for five weeks and assigned to four
dietary treatments: HPO (100% SDPP), HP25 (25% HP), HP50 (50% HP), and HP100 (100% HP), with 6
replicates of 4 pigs per treatment. The HPO and HP25 diets significantly increased (p < 0.05) average daily gain
(ADG) and feed efficiency (G:F) compared with HP100 at weeks 3 to 5 and over the entire study period.
Increasing levels of HP replacement linearly decreased (p < 0.05) ADG and G:F. At week 3, HPO and HP25
diets significantly increased crude protein (CP) digestibility compared to HP50 and HP100, with similar results
observed at week 5. Additionally, HPO and HP25 diets led to significantly lower (p < 0.05) total protein (TP)
and blood urea nitrogen (BUN) levels than HP50 and HP100 at week 5. TP and BUN levels increased linearly as
HP levels increased. The HP25 diet notably increased Lactobacillus counts in feces compared to HP50 and
HP100 at week 5. Total weight gain was significantly higher (p < 0.05) in the HPO and HP25 groups compared
to HP100, and the HP25 diet significantly reduced feed cost per kg gain (FCG) compared with HP100.
Moreover, during the study, the HP25 diet showed a trend (p = 0.087) towards lower FCG compared with HPO.
In conclusion, replacing 25% of SDPP with HP provides optimal benefits in growth performance, nutrient

digestibility, and feed cost efficiency without negative impacts on weaning pigs.

Keywords (3 to 6): Hydrolyzed porcine intestinal protein, Spray-dried plasma protein, Weaning pig
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Introduction

Weaning stress caused by separation of the sow and its adaptation into solid feed can trigger physiology,
gastrointestinal microbiology, and immunology changes [1]. These changes can cause damage to the intestinal
villi and reduce absorption due to immaturity of the piglet’s digestive system, leading to diarrhea and reduced
growth performance [1, 2]. To cope with this problem, numerous studies have been conducted on protein sources
that could be easily digested by weaning pigs [3-5].

Spray-dried plasma protein (SDPP) manufactured from porcine blood has been reported to contain highly
digestible protein with balanced amino acid profile, which could improve the performance of early weaning pigs
[6, 7]. SDPP can also prevent binding of pathogens to gut wall and reduce the incidence of diarrhea in weaning
pigs due to its abundance of bioactive compounds, such as immunoglobulin G (IgG) [8, 9]. Previous studies have
reported that supplementation of SDPP (2.5% and 5.0%) can improve average daily gain (ADG), feed efficiency
(G:F), and serum IgG levels (4.44 mg/mL) of weaning pigs [9-10].

However, SDPP is approximately eight times more expensive than other protein sources such as soybean meal
(SBM) [12-14]. Cho et al. [15] have pointed out that there were no significant differences on growth performance
between the SDPP and hydrolyzed porcine intestinal protein (HP) diets in weaning pigs for 28 days. As feed costs
constitute more than 60% of the total cost of swine production, an alternative strategy is needed to increase profit
by reducing feed costs [16]. Therefore, numerous studies have been conducted to identify alternative cost-effective
protein sources for replacing SDPP in weaning pigs [17, 18].

HP is a small molecular-weight peptone protein obtained by hydrolyzing pig intestinal mucosa. It can be broken
down into small-chain peptides during the hydrolysis process [19]. Due to their low molecular-weight peptide
characteristics, HP can be absorbed more rapidly than non-hydrolyzed protein sources [20]. Previous studies have
demonstrated that supplementation of hydrolyzed porcine intestinal product (2.5% and 5%, respectively) can
increase ADG and G:F during the first 14 days after weaning [21, 22]. In addition, HP is approximately 2.9 times
cheaper than SDPP [23]. Kim et al. [24] have reported that when replacing SDPP with HP, approximately more
than 0.09 USD/kg of feed could be reduced without impairing growth performance compared to the SDPP diet.

Therefore, we hypothesized that replacing SDPP with HP could reduce feed cost without impairing growth
performance, nutrient digestibility, diarrhea, or immune system in weaning pigs. Thus, the objective of this study
was to investigate effects of replacing SDPP with HP on growth performance, nutrient digestibility, diarrhea scores,

blood profiles, bacteria count in feces, and economic evaluation.
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Materials and Methods
Animal Ethics
The protocol for this study was reviewed and approved by the Institutional Animal Care and Use Committee of

Chungbuk National University, Cheongju, Korea (approval no. CBNUA-2185-23-02).

Preparation of HP and SDPP

The chemical composition of HP and SDPP are presented in Table 1. HP and SDPP were supported by a
commercial company. According to the supplier, the HP (Palbio 50 RD, Bioibérica, S. A., Barcelona, Spain) is a
coproduct of the heparin industry obtained from clean endothelial and mucosal digestive tissues of pigs free of
digesta content. The fresh tissues are washed with hot water before heparin extraction, and then the mucosa was
digested, solubilized, and sterilized via an enzymatic process under controlled conditions of time, temperature,
and pH. The hydrolyzed mucosa was sprayed into high-protein SBM at an approximate proportion of 30% to
facilitate handling. Then, the commercial product was dried using a fluid bed system that prevents structural
damages of the protein fraction. Also, according to the supplier, the SDPP was produced by spinning porcine
plasma at high speeds to separate the plasma and red cells, and then spray dried where it is transformed into

powder.

Experimental Design, Animals, and Housing

A total of ninety-six crossbred weaning pigs ([Landrace % Yorkshire] X Duroc) with an initial body weight (BW;
7.35 £ 0.67 kg) were used for 5 weeks. Pigs were randomly assigned to four dietary treatments, with 6 replicates
of 4 pigs per treatment in a randomized complete block design. All pigs were housed in an environmentally
controlled room (30 = 1 °C). Each pen was equipped with a one-sided stainless steel self-feeder and a nipple
drinker. Dietary treatments were as follows: HP0, a basal diet based on SDPP; HP25, replacing 25% of SDPP with
HP; HP50, replacing 50% of SDPP with HP; and HP100, replacing 100% of SDPP with HP. All diets were
formulated to meet or exceed the National Research Council [25] requirement and fed during the experiment in 3
phases: phase 1 (0 to 1 weeks), phase 2 (1 to 3 weeks), phase 3 (3 to 5 weeks), and each phase contains SDPP for

5.0, 2.5, and 1.0% (Tables 2-4). Each pig had ad libitum access to water.

Growth Performance and Diarrhea Score

All pigs were individually weighed, and feed intake was measured to calculate the average daily feed intake
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(ADFI) and G:F at initial, 1, 3, and 5 weeks. ADG, ADFI, and G:F were calculated for each period (0 to 1 weeks,
1 to 3 weeks, 3 to 5 weeks, and 0 to 5 weeks). The diarrhea scores were individually recorded at 08:00 h and 17:00
h by the same person during the entire experimental period. The diarrhea score was assigned as follows: 0, Normal
feces; 1, Soft feces; 2, Mild diarrhea; 3, Severe diarrhea. Scores were calculated as the average diarrhea score for
each period per treatment group by summing the average daily diarrhea scores of each pig. The frequency of
diarrhea was calculated by counting pen days in which the average diarrhea score of individual pigs in each pen

was > 2.

Nutrient Digestibility

To estimate the digestibility, 0.2% chromium oxide (Cr,03) was supplemented with the diets as an indigestible
marker. Fresh fecal samples from each treatment with 6 replicates are collected by rectal massage at 1, 3, and 5
weeks to determine the apparent total tract digestibility (ATTD) of dry matter (DM), CP, and gross energy (GE).
Fresh fecal and feed samples were stored in a freezer at -20 °C immediately after collection. At the end of the
experiment, fecal samples were dried at 70 °C for 72 h and then crushed on a 1 mm screen. The procedures utilized
for the determination of DM and CP digestibility were conducted with the methods by the AOAC [26] and for GE
using a bomb calorimeter (Parr 6400, Parr Instruments CO.; Moline, IL, USA). Chromium levels were determined
via UV absorption spectrophotometry (UV-1201, Shimadzu, Kyoto, Japan) using the Williams et al. [27] method.
For calculating the ATTD of the nutrients, we used the following equation: Digestibility=1 — [(Nf x Cd) /
(Nd x Cf)] x 100, where Nf=concentration of nutrient in fecal, Nd =concentration of nutrient in the diet,

Cd = concentration of chromium in the diet, and Cf= concentration of chromium in the fecal.

Blood Profiles

Blood samples were obtained from the jugular vein of six pigs per each treatment at 1, 3, and 5 weeks. At the
time of collection, blood samples were collected into vacuum tubes containing K3;EDTA for complete blood count
analysis and nonheparinized tubes for serum analysis, respectively. After collection, blood samples were
centrifuged (12,500 x g for 20 min at 4 °C). The white blood cells, red blood cells, lymphocyte, neutrophil,
eosinophil, and monocyte in whole blood were measured using an automatic hematology analyzer (XE2100D,
Sysmex, Kobe, Japan). The total protein (TP) and blood urea nitrogen (BUN) in the blood were measured using

a fully automated chemistry analyzer (Cobas C702, Hofmann-La Roche, Switzerland).

Bacteria Counts in feces
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Microbial analysis was immediately carried out according to the method described by Hu et al. [28]. After fresh
fecal sample collection, they were placed on ice and transported directly to the lab, and 1 g of a fecal sample from
each treatment was diluted in 9 mL of 1 x phosphate-buffered saline (PBS; GenDEPOT, Katy, USA) and then
homogenized. Then, viable bacteria were counted in fecal samples by placing serial 10-fold dilutions on
MacConkey agar plates (KisanBio, Seoul, Korea) for Escherichia coli (E. coli) and de Man, Rogosa and Sharpe
(MRS) agar (KisanBio). The MacConkey agar plates were incubated for 24 h at 37 °C, and the MRS agar plate
were then incubated for 48 h at 39 °C under anaerobic conditions. The E. coli and Lactobacillus colonies were
counted immediately after removal from the incubator and expressed as the logarithm of colony-forming units per

gram (log CFU/g).

Economic Evaluation

The economic evaluation of replacing SDPP with a different ratio of HP was determined based on feed costs
without considering other deductible costs. The prices were expressed in dollars (USD). For each experimental
phase, total feed intake (TFI, kg) and total weight gain (TWG, kg) were calculated. Also, feed cost per kg gain
(FCG, kg) is represented by: TFI x feed cost / TWG. The feed cost was obtained from a feed company (DH Vital
Feed., Pyeongtaek, South Korea). The feed costs per treatment were as follows: Phase 1, HPO: 1.22 USD/kg;
HP25: 1.19 USD/kg; HP50: 1.15 USD/kg; HP100: 1.09 USD/kg; Phase 2, HPO: 1.08 USD/kg; HP25: 1.06 USD/kg;
HP50: 1.04 USD/kg; HP100: 1.01 USD/kg; Phase 3, HPO: 0.94 USD/kg; HP25: 0.94 USD/kg; HP50: 0.93 USD/kg;

HP100: 0.92 USD/kg.

Statistical Analysis

All data except for the frequency of diarrhea were statistically analyzed using the general linear model’s
procedure of SAS (Statistical Analysis System 9.1, SAS Institute, Cary, NC, USA), using each pen as the
experimental unit. Orthogonal polynomial contrasts were used to analyze the significance of the linear or quadratic
effects of replacing SDPP with different ratios of HP. The frequency of diarrhea was compared with a chi-square
test, using the FREQ. Differences between treatment means were determined using Tukey’s multiple range test.
The variability in the data was expressed as the pooled standard error. A probability level of p <0.05 was indicated

to be statistically significant, and a level of 0.05 < p <0.10 was considered to have such a tendency.
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Results
Growth Performance

The effect of replacing SDPP with different ratios of HP in the diet on growth performance is presented in Table
5. At 5 weeks, increasing levels of replacing SDPP with HP significantly decreased (linear, p < 0.05) BW. At 0 to
1 weeks, the HP100 diet significantly decreased (p < 0.05) ADG compared with the HPO diet. Also, the HP50 and
HP100 diets significantly decreased (p < 0.05) G:F compared with the HPO diet. Increasing levels of replacing
SDPP with HP significantly decreased (linear, p < 0.05) ADG and G:F. In contrast, increasing levels of replacing
SDPP with HP significantly increased (linear, p < 0.05) ADFI. At 3 to 5 weeks, the HPO and HP25 diets
significantly increased ADG and G:F compared with the HP100 diet. Also, increasing levels of replacing SDPP
with HP significantly decreased (linear, p < 0.05) ADG and G:F. At 0 to 5 weeks, the HPO and HP25 diets
significantly increased (p <0.05) ADG and G:F compared with the HP100 diet. Also, increasing levels of replacing
SDPP with HP significantly increased (linear, p < 0.05) ADG and G:F. Moreover, increasing levels of replacing

SDPP with HP significantly affected (quadratic, p < 0.05) the G:F.

Diarrhea Scores

The effect of replacing SDPP with different ratios of HP in the diet on diarrhea scores is presented in Table 6.
There was no significant difference (p > 0.05) in diarrhea scores and frequency of diarrhea during the experimental

phases.

Nutrient Digestibility
The effect of replacing SDPP with different ratios of HP in the diet on nutrient digestibility is presented in Table

7. At 1 weeks, the HP100 diet significantly decreased (p < 0.05) CP digestibility compared with the HPO diet.
Also, at 3 weeks, the HPO and HP25 diets significantly increased (p < 0.05) CP digestibility compared with the
HP50 and HP100 diets. Moreover, at 5 weeks, the HPO and HP25 diets significantly increased (p < 0.05) CP
digestibility compared with the HP100 diet. Furthermore, at 1, 3, and 5 weeks, increasing levels of replacing SDPP

with HP significantly decreased (linear, p < 0.05) CP digestibility.

Blood Profile
The effect of replacing SDPP with different ratios of HP in the diet on the blood profile is presented in Table 8.

At 1 and 3 weeks, increasing levels of replacing SDPP with HP significantly decreased (p < 0.05) lymphocyte
levels. At 5 weeks, the HPO and HP25 diets significantly decreased (p < 0.05) TP levels compared with the HP50
diet. The HPO and HP25 diets significantly decreased (p < 0.05) BUN levels compared with the HP100 diet. At 3

and 5 weeks, increasing levels of replacing SDPP with HP significantly increased (p < 0.05) TP and BUN levels.
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Bacteria Counts in feces

The effect of replacing SDPP with different ratios of HP in the diet on fecal microflora is presented in Table 9.
At 5 weeks, the HP25 diet significantly increased (p < 0.05) the counts of Lactobacillus in feces compared with
the HP50 and HP100 diets. Also, increasing levels of replacing SDPP with HP significantly decreased (linear, p <

0.05) the counts of Lactobacillus in feces.

Economic Evaluation

The effect of replacing SDPP with different ratios of HP in the diet on economic evaluation is presented in
Table 10. At 0 to 1 weeks, the HP100 diet significantly decreased (p < 0.05) TWG compared with the HPO diet.
Also, increasing levels of replacing SDPP with HP significantly decreased (linear, p <0.05) TWG. At 3 to 5 weeks
and the experimental periods, the HPO and HP25 diets significantly increased (p < 0.05) TWG compared with the
HP100 diet. In addition, increasing levels of replacing SDPP with HP significantly decreased (linear, p < 0.05)
TWG. At 3 to 5 weeks, the HP25 diet significantly decreased (p < 0.05) FCG compared with the HP100 diet. Also,
during the experimental periods, the HP25 diet showed a tendency (p = 0.087) for FCG to be lower than the HPO
diet and increasing levels of replacing SDPP with HP. showed a tendency (linear, p = 0.083) for FCG to be

decreased.
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Discussion

In this study, increasing levels of replacing SDPP with HP in diets linearly decreased ADG and G:F during the
0 to 5 weeks. This result was in agreement with previous studies showing, that pigs fed with increasing levels of
replacing SDPP with HP (50% and 100%, respectively) have impaired ADG and G:F compared with HPO diets
(based on SDPP) in weaning pigs[24, 29]. According to Kazimierska and Biel [30], SDPP possesses a higher CP
content (75.43 vs. 71.42, %) and metabolizable energy content (342.69 vs. 339.85, kcal/100 g) than HP. It is well-
documented that dietary CP and energy levels are major factors for regulating ADG and G:F in pigs, which could
support the linear decrease of growth performance in this study [31, 32].

In contrast, the HP25 diet did not significantly affect ADG or G:F unlike HPO diet (Table 5). Moreover, HP25
diet increased ADG and G:F compared with the HP100 diet (Table 5). Previous studies have reported that pigs
fed with HP (supplementation with 2.5% and 5%, respectively) diets increased the ADG and G:F during the first
14 days after weaning [21, 22]. Consistently, Joo and Chae [33] have indicated that substitution of SDPP (up to
50%) with HP did not impair ADG in weaning pigs. Sun et al. [17] have also demonstrated that the substitution
of SDPP (50%) with hydrolyzed protein product showed the same effects on ADG and G:F in weaning pigs.

Also, no significant differences in growth performance between the HP25 and HPO diets might be derived from
the same levels of CP digestibility in this study (Table 5). Numerous studies have showed that the positive
correlation between improved ATTD of CP and enhanced growth performance in pigs [34, 35]. Consistently, we
observed similar CP digestibility with HPO (based on SDPP) and HP25 diets. According to Kim et al. [24],
replacing SDPP (up to 50%) with the HP diet did not show a difference in CP digestibility in weaning pigs. For
these reasons, it seems that replacing SDPP with 25% of the HP diet is adequate for providing sufficient nutrients
for promoting ADG and G:F with increased CP digestibility, thereby improving growth performance of weaning
pigs.

Major concerns for weaning pigs are pathogenic microbes’ infection, which can induce intestinal damage and
diarrhea [36-38]. In this study, although we replaced the SDPP with a different ratio of HP, there were no
significant differences in diarrhea scores or increases in counts of Lactobacillus. In other words, replacing SDPP
with HP did not impair microorganisms in intestinal tracts of pigs. Correlated with this study, Hossain et al. [39]
have reported that replacing fish meal with HP (1.5%) increased the counts of Lactobacillus in weaning pigs. Also,
Sun et al. [17] have demonstrated that replacing SDPP with hydrolyzed protein sources (1 ~ 2%) did not show
differences in diarrhea rate in weaning pigs. Supplementation of HP can increase the number of goblet cells [40]
and the expression of tight junction protein in the intestine [41, 42], thereby enhancing intestinal barrier function,
intestinal mucosa permeability, and gut health [36, 43].

SDPP is a protein source that can improve immune regulation through its immunoglobulin fractions in weaning

10
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pigs [44, 45]. Previous studies have demonstrated that supplementation of SDPP (2 ~ 5%) can enhance the
immunity system in weaning pigs [9, 46]. In this study, replacing SDPP with HP linearly decrease on lymphocytes
and a linear increase on monocytes, TP, and BUN. As lymphocytes in the whole blood provide specific cellular
with humoral immune responses [38] and monocytes activate the specific immune response by presenting antigens
and releasing cytokines [47], changes in these levels indicate a decline in the immune system of weaning pigs.
Supportably, Kim et al. [29] have indicated that higher inclusion levels of HP with SDPP diets are associated with
lower lymphocyte and monocyte in weaning pigs. However, HP25 diets decreased TP and BUN levels compared
with HP50 and HP100 diets. TP in the blood is used as an indicator of liver-protein metabolism [48, 49]. BUN is
also used as an index of protein and amino acid catabolism, which indicates nitrogen absorption and protein
utilization in the body [50, 51].

The major objective of replacing SDPP with different ratios of HP in weaning phase was to meet the cost-
effective substitute protein source, due to its high cost. In this study, replacing SDPP with 25% of the HP diet
numerically decreased FCG compared with the CON (based on ‘SDPP) diet. Generally, profit margin was
determined by the BW, feed intake, and feed cost [52]. As mentioned above, replacing SDPP with 25% of HP had
no effect on ADG or CP digestibility, thereby causing no difference in TWG. Correlated with this study, Joo and
Chae [33] have reported that replacing SDPP with HP can decrease feed cost by 0.09 USD/kg. As feed costs
represent 65 ~ 75% of total production costs, alternative protein resources are required for a cost-effective
production [23, 53]. Therefore, this study’s results suggest the possibility of an economical feeding strategy

without showing adverse effects by replacing 25% of SDPP with HP in weaning pigs.
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Conclusion

The result of this study supports the possibility of replacing SDPP with HP in weaning pigs. In this study,
replacing SDPP with 25% of HP diets did not show significant differences between SDPP diets. Also, replacing
SDPP with 25% of HP diets showed enhanced growth performance, nutrient digestibility, blood profile, and fecal

microflora in weaning pigs.

Disclosure statement

There are no potential conflicts of interest.

Acknowledgments

This work was carried out with the support of the Nonghyeop Feed Cop., Republic of Korea.

12



262

263
264

265
267

268
269
270

271
272
273

274
276

277
2178

279
280

281
282
283

284
285
286

287
289

290
291
292

293
294
295

296
297
298

References

1.

10.

11.

12.

13.

Nowland TL, Plush KJ, Barton M, Kirkwood RN. Development and function of the intestinal microbiome
and potential implications for pig production. Animals. 2019;9: 76. doi: 10.3390/ani9030076.

Nadeau E, Fairbrother JM, Zentek J, Bélanger L, Tremblay D, Tremblay CL, Hidalgo A. Efficacy of a single
oral dose of a live hivalent E. coli vaccine against post-weaning diarrhea due to F4 and F18-positive
enterotoxigenic E. coli. Vet J. 2017;226: 32-39. doi: 10.1016/j.tvjl.2017.07.004.

He Q, Tang H, Ren P, Kong X, Wu G, Yin Y, Wang, Y. Dietary supplementation with l-arginine partially
counteracts serum metabonome induced by weaning stress in piglets. J Proteome Res. 2011;10: 5214-5221.
doi: 10.1021/pr200688u.

Upadhaya SD, Kim IH. The impact of weaning stress on gut health and the mechanistic aspects of several
feed additives contributing to improved gut health function in weanling piglets—A review. Animals. 2021;11:
2418. doi: 10.3390/ani11082418.

Wang J, Xiao Y, Li J, Qi M, Tan B. Serum biochemical parameters and amino acids metabolism are altered
in piglets by early-weaning and proline and putrescine supplementations. Anim Nutr. 2021;7: 334-345. doi:
10.1016/j.aninu.2020.11.007.

Balan P, Staincliffe M, Moughan PJ. Effects of spray-dried animal plasma on the growth performance of
weaned piglets—A review. J Anim Physiol Anim Nutr. 2021;105: 699-714. doi: 10.1111/jpn.13435.

Kim H, Lee SH, Kim BG. Effects of dietary spray-dried plasma protein on nutrient digestibility and growth
performance in nursery pigs. J. Anim Sci. 2022;100(1): skab351. doi: 10.1093/jas/skab351.

Peace RM, Campbell J, Polo J, Crenshaw J; Russell L, Moeser A. Spray-dried porcine plasma influences
intestinal barrier function, inflammation, and diarrhea in weaned pigs. J Nut. 2011;141: 1312-1317. doi:
10.3945/jn.110.136796.

Tran H, Bundy JW, Li YS, Carney-Hinkle EE, Miller PS, Burkey TE. Effects of spray-dried porcine plasma
on growth performance, immune response, total antioxidant capacity, and gut morphology of nursery pigs.
J. Anim. Sci. 2014;92: 4494-4504. doi: 10.2527/jas.2014-7620.

Grinstead GS, Goodband RD, Dritz SS, Tokach MD, Nelssen JL, Woodworth JC, Molitor M. Effects of a
whey protein product and spray-dried animal plasma on growth performance of weanling pigs. J. Anim Sci.
2000;78: 647-657. doi: 10.2527/2000.783647x.

Lawrence KR, Goodband RD, Tokach MD, Dritz, S. S., Nelssen, J. L., & DeRouchey, J. M. (2004).
Comparison of wheat gluten and spray-dried animal plasma in diets for nursery pigs. J. Anim Sci. 82: 3635-
3645. doi: 10.2527/2004.82123635X.

Jeong JS, Park JW, Lee SI, Kim IH. Apparent ileal digestibility of nutrients and amino acids in soybean meal,
fish meal, spray-dried plasma protein and fermented soybean meal to weaned pigs. Anim Sci J. 2016;87:
697-702. doi: 10.1111/asj.12483.

Tucker JL, Naranjo VD, Bidner TD, Southern LL. Effect of salmon protein hydrolysate and spray-dried
plasma protein on growth performance of weanling pigs. J. Anim. Sci. 2011;89: 1466-1473. doi:
10.2527/jas.2010-3412.

13



299
300
301

302
303

304
305

306
307
308

309
310
311

312
313
314

315
316

317
318

319
320

321
322
323

324
325
326

327

328
329

330
331

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Zhang S, Piao X, Ma X, Xu X, Zeng Z, Tian Q, Li Y. Comparison of spray-dried egg and albumen powder
with conventional animal protein sources as feed ingredients in diets fed to weaned pigs. Anim Sci J. 2015;86:
772-781. doi: 10.1111/asj.12359.

Cho JH, Lindemann MD, Monegue HJ, Cromwell GL. Feeding value of dried porcine solubles for weanling
pigs. Prof Anim Sci. 2010;26(4): 425-434. doi: 10.15232/s1080-744630624-0.

Noblet J, Wu SB, Choct M. Methodologies for energy evaluation of pig and poultry feeds: A review. Animal
Nutr. 2022;8: 185-203. doi: 10.1016/j.aninu.2021.06.015

Sun Z, Ma Q, Li Z, Ji C. Effect of partial substitution of dietary spray-dried porcine plasma or fishmeal with
soybean and shrimp protein hydrolysate on growth performance, nutrient digestibility and serum biochemical
parameters of weanling piglets. Asian-Australas J Anim Sci. 2009;22: 1032-1037.

Zhang S, Ao X, Kim IH. Effects of partial and total substitution of dietary spray-dried porcine plasma (SDPP)
with spray-dried krill hydrolysate (SDKH) on growth performance, nutrient digestibility, and noxious gas
emission in weaning piglets. Livest Sci, 2019;227, 183-188. doi: 10.1016/j.livsci.2019.07.002.

Myers AJ, Goodband RD, Tokach MD, Dritz SS, DeRouchey JM, Nelssen JL. The effects of porcine
intestinal mucosa protein sources on nursery pig growth performance. J. Anim Sci. 2014;92: 783-792. doi:
10.2527/jas.2013-6551.

Gilbert ER, Wong EA, Webb Jr KE. Board-invited review: peptide absorption and utilization: implications
for animal nutrition and health. J. Anim Sci. 2008;86: 2135-2155. doi: 10.2527/jas.2007-0826.

Koehler DD, Shurson GC, Whitney MH. Effect of spray dried porcine solubles, with and without spray dried
porcine plasma, on growth performance of weaned pigs. J. Anim Sci. 1998;76: 180.

Sola-Oriol D, Figueroa J, Borda E, Chetrit C, Pérez, JF. The effect of different animal and vegetable protein
sources on the feed intake and weight gain of piglets. J. Anim. Sci. 2010;88: 92.

Morel PCH, Sirisatien D, Wood GR. Effect of pig type, costs and prices, and dietary restraints on dietary
nutrient specification for maximum profitability in grower-finisher pig herds: A theoretical approach. Livest
Sci. 2012;148: 255-267. doi: 10.1016/j.livsci.2012.06.015.

Kim JH, Chae BJ, Kim YG. Effects of replacing spray dried plasma protein with spray dried porcine intestine
hydrolysate on ileal digestibility of amino acids and growth performance in early-weaned pigs. Asian-
Australas J Anim Sci. 2000;13: 1738-1742.

NRC. Nutrient requirements of swine. 11th rev. ed. Washington, DC: Natl. Acad. Press; 2012

AOAC [Association of Official Analytical Chemists] International. Official methods of analysis of AOAC
International. 18th ed. AOAC International; 2006

Williams CH, David DJ, lismaa O. The determination of chromic oxide in faeces samples by atomic
absorption spectrophotometry. J. Agric. Sci. 1962;59(3): 381-385.

14



332
333
334

335
337

338
339
340

341
342
343

344
345
346

347
348

349
350
351

352
353
354

355
356
357

358

360

361

362
363

364
365
366

367
368

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

Hu J, Kim YH, Kim IH. Effects of two bacillus strains probiotic supplement on reproduction performance,
nutrient digestibility, blood profile, fecal score, excreta odor contents and fecal microflora in lactation sows,
and growth performance in sucking piglets. Livest Sci. 2021;244:104293. doi: 10.1016/j.livsci.2020.104293.

Kim JD, Hyun Y, Sohn KS, Kim TJ, Woo HJ, Han IK. Optimal dietary ratio of spray dried plasma protein
(SDPP) and dried porcine solubles (DPS) in improving growth performance and immune status in pigs
weaned at 21 days of age. Asian-Australas J Anim Sci. 2001;14: 338-345.

Kazimierska K, Biel W. Comparative Analysis of Spray-Dried Porcine Plasma and Hydrolyzed Porcine
Protein as Animal-Blood-Derived Protein Ingredients for Pet Nutrition. Molecules. 2023;28: 7917. doi:
10.3390/molecules28237917.

Fang LH, Jin YH, Do SH, Hong JS, Kim BO, Han TH, Kim YYY. Effects of dietary energy and crude protein
levels on growth performance, blood profiles, and nutrient digestibility in weaning pigs. Asian-Australas J
Anim Sci. 2019;32: 556. doi: 10.5713/ajas.18.0294.

Fang LH, Jin YH, Do SH, Hong JS, Kim BO, Han TH, and Kim YYY. Effects of dietary energy and crude
protein levels on growth performance, blood profiles, and carcass traits in growing-finishing pigs. J Anim
Sci Technol. 2019;61: 204. doi: 10.5187/jast.2019.61.4.204.

Joo JH, Chae BJ. Replacing effects of spray dried plasma protein with dried porcine soluble on growth
performance, nutrient digestibility and production cost in weaning pigs. Annals Anim Res. 2005;16: 27-34.

Meng QW, Yan L, Ao X, Zhou TX, Wang JP, Lee JH, Kim IH. Influence of probiotics in different energy
and nutrient density diets on growth performance, nutrient digestibility, meat quality, and blood
characteristics in growing-finishing pigs. J Anim Sci Technol. 2010;88: 3320-6. doi:10.2527/jas.2009-2308.

Yan L, Kim IH. Effect of probiotics supplementation in diets with different nutrient densities on growth
performance, nutrient digestibility, blood characteristics, faecal microbial population and faecal noxious gas
content in growing pigs. JAppl Anim Res. 2013;41: 23-8. doi: 10.1080/09712119.2012.739092.

Wang T, Yao W, Li J, Shao Y, He Q, Xia J, Huang F. Dietary garcinol supplementation improves diarrhea
and intestinal barrier function associated with its modulation of gut microbiota in weaned piglets. J Anim Sci
Biotechnol. 2020;11: 1-13. doi:10.1186/s40104-020-0426-6.

Oh HJ, Park YJ, Cho JH, Song MH, Gu BH, Yun W, Kim MH. Changes in diarrhea score, nutrient
digestibility, zinc utilization, intestinal immune profiles, and fecal microbiome in weaned piglets by different
forms of zinc. Animals. 2021;11: 1356. doi: 10.3390/ani11051356.

Chang SY, Song MH, Lee JH, Oh HJ, Kim YJ, An JW, Cho JH. Phytogenic feed additives alleviate
pathogenic Escherichia coli-induced intestinal damage through improving barrier integrity and inhibiting
inflammation in weaned pigs. J Anim Sci Biotechnol. 2022;13: 1-12. doi: 10.1186/s40104-022-00750-y.

Hossain MM, Cho SB, Kim IH. Effects of partial replacement of fishmeal with dried porcine soluble on the
growth performance, nutrient digestibility, fecal microbiota, and fecal score in weaning pig. Can J Anim Sci.
2024. doi: 10.1139/CJAS-2023-0065.

Domeneghini C, Arrighi S, Radaelli G, Bosi G, Veggetti A. Histochemical analysis of glycoconjugate
secretion in the alimentary canal of Anguilla anguilla L. Acta Histochem. 2005;106: 477-487. doi:

15



369

370

371

372

373

375

376
377

378
379
380

381
382
383
384
386

387
388

389
390
391
392

393
394

395
397

398
400

401
402

41.

42,

43.

44,

45,

46.

47.

48.

49,

50.

51.

52.

53.

10.1016/j.acthis.2004.07.007.

Turksen K, Troy TC. Barriers built on claudins. J Cell Sci. 2004;117, 2435-2447.

Utepbergenov DI, Fanning AS, Anderson JM. Dimerization of the scaffolding protein ZO-1 through the
second PDZ domain. J Biol Chem. 2006;281: 24671-24677. doi: 10.1074/jbc.M512820200.

Xu B, QinW, XuY, Yang W, Chen Y, Huang J, Ma L. Dietary quercetin supplementation attenuates diarrhea
and intestinal damage by regulating gut microbiota in weanling piglets. Oxid Med Cell Longev. 2021.
doi:10.1155/2021/6221012.

Balan P, Han KS, Rutherfurd-Markwick K, Singh H, Moughan PJ. Immunomodulatory effects of ovine
serum immunoglobulin in the growing rat. Animal. 2010;4: 1702-1708. doi:10.1017/S1751731110000868.

Hu L, Che L, Luo G, Su G, Fei H, Xuan Y, Wu, D. Effects of yeast-derived protein vs spray-dried porcine
plasma supplementation on growth performance, metabolism and immune response of weanling piglets. Ital
J Anim Sci. 2014;13: 3154. doi: 10.4081/ijas.2014.3154.

Daneshmand A, Sharma NK, Dao TH, Barekatain R, Swick RA, Wu SB. Spray-dried porcine plasma
enhances feed efficiency, intestinal integrity, and immune response of broilers challenged with necrotic
enteritis. Poult Sci. 2023;102: 102431. doi: 10.1016/j.psj.2022.102431.

Jarosz LS, Tomaszewska E, Marek A, Hejdysz M, Burmanczuk A, Ciszewski A, Nowaczewski S, Gradzki
Z, Batorski M, Swigtkiewicz M, Rysiak, A. The Effect of Glutamine as Feed Additive on Selected Parameters
of the Nonspecific Immune Response in Pigs. Agriculture. 2023;13: 912. doi: 10.3390/agriculture13040912.

Mu C, Yang Y, Luo Z, Zhu W. Metabolomic analysis reveals distinct profiles in the plasma and urine of rats
fed a high-protein diet. Amino Acids. 2015;47: 1225-1238. doi: 10.1007/s00726-015-1949-6.

Upadhaya SD, Yun HM, Kim IH. Influence of low or high density corn and soybean meal-based diets and
protease supplementation on growth performance, apparent digestibility, blood characteristics and noxious
gas emission of  finishing pigs. Anim Feed Sci Technol. 2016;216: 281-287. doi:
10.1016/j.anifeedsci.2016.04.003.

Bassily NS, Michael KG, Said AK. Blood urea content for evaluating dietary protein quality. Nahrung.
1982;26: 759-764. doi: 10.1016/j.molmet.2018.06.015.

Yu D, Zhu W, Hang S. Effects of low-protein diet on the intestinal morphology, digestive enzyme activity,
blood urea nitrogen, and gut microbiota and metabolites in weaned pigs. Arch Anim Nutr. 2019;73: 287-305.
doi: 10.1080/1745039X.2019.1614849.

Rehman ZU, Kamran J, Abd El-Hack ME, Alagawany M, Bhatti SA, Ahmad G, Ding C. Influence of low-
protein and low-amino acid diets with different sources of protease on performance, carcasses and nitrogen
retention of broiler chickens. Anim Prod Sci. 2017;58: 1625-1631. doi: 10.1071/AN16687.

Mullan BP, Moore KL, Payne HG, Trezona-Murray M, Pluske JR, Kim JC. Feed efficiency in growing pigs—
what’s possible?. Rec. Adv. Anim. Nutr. 2011;18: 17-22.

16






404 Tables

Table 1. Chemical composition of spray-dried plasma protein (SDPP) and hydrolyzed porcine intestinal
protein (HP) (as-fed-basis)?

Items, % SDPP HP

GE, kcal/kg 4,862 4,010
DM 91.50 91.46
CP 78.20 50.88
CF 0.10 2.71
EE 8.60 2.16
Ash 12.20 11.53

a8SDPP, spray-dried plasma protein; HP, hydrolyzed porcine intestinal protein; GE, gross energy; DM, dry
matter; CP, crude protein; CF, crude fiber; EE, ether extract.
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Table 2. Compositions of basal diet and feeding experimental diets (as-fed-basis; phase 1/0-1w)?

Items HPO HP25 HPS0 HP100

Ingredients, %

Corn 37.92 37.92 37.92 37.92
Extruded corn 15.00 15.00 15.00 15.00
Lactose 10.00 10.00 10.00 10.00
Dehulled soybean meal, 47% CP 10.00 10.00 10.00 10.00
Soy protein concentrate, 65% CP 9.00 9.00 9.00 9.00
SDPP 5.00 3.75 2.50 -
HP - 1.25 2.50 5.00
Whey 7.00 7.00 7.00 7.00
Soy oil 2.10 2.10 2.10 2.10
Monocalcium phosphate 1.22 1.22 1.22 1.22
Limestone 1.10 1.10 1.10 1.10
L-Lysine-HCI, 78% 0.40 0.42 0.44 0.46
DL-Methionine 0.16 0.14 0.12 0.10
Choline chloride, 25% 0.10 0.10 0.10 0.10
Vitamin premix? 0.25 0.25 0.25 0.25
Trace mineral premix® 0.25 0.25 0.25 0.25
Salt 0.50 0.50 0.50 0.50
Total 100.00 100.00 100.00 100.00

Calculated value

ME, kcal/kg 3,428 3,428 3,428 3,428
CP, % 20.48 20.47 20.46 20.44
Lysine, % 151 1.51 1.51 151
Methionine, % 0.44 0.44 0.44 0.44
Ca, % 0.80 0.80 0.80 0.80
P, % 0.65 0.65 0.65 0.65

aAbbreviation: SDPP, spray-dried plasma protein; HP, hydrolyzed porcine intestinal protein; CP, crude
protein; ME, metabolize energy; Ca, calcium; P, phosphorus.

2Provided per kg of complete diet: vitamin A, 11,025 IU; vitamin D3, 1103 IU; vitamin E, 44 1U; vitamin K3,
4.4 mg; riboflavin, 8.3 mg; niacin, 50 mg; thiamine, 4 mg; d-pantothenic, 29 mg; choline, 166 mg; and
vitamin Bz, 33 mg.

3Provided per kg of complete diet without Zinc: Cu (as CuSO4*5H20), 12 mg; Mn (as MnO>), 8 mg; I (as Kl),
0.28 mg; and Se (as Na;SeO3+5H,0), 0.15 mg.
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Table 3. Compositions of basal diet and feeding experimental diets (as-fed-basis; phase 2/1-3w)?

Items HPO HP25 HPS0 HP100

Ingredients, %

Corn 41.45 41.45 41.45 41.45
Extruded corn 15.00 15.00 15.00 15.00
Lactose 8.00 8.00 8.00 8.00
Dehulled soybean meal, 47% CP 13.50 13.50 13.50 13.50
Soy protein concentrate, 65% CP 9.00 9.00 9.00 9.00
SDPP 2.50 1.87 1.25 -
HP - 0.63 1.25 2.50
Whey 5.00 5.00 5.00 5.00
Soy oil 1.80 1.80 1.80 1.80
Monocalcium phosphate 1.29 1.29 1.29 1.29
Limestone 1.05 1.06 1.06 1.05
L-Lysine-HCI, 78% 0.30 0.30 0.31 0.33
DL-Methionine 0.11 0.10 0.09 0.08
Choline chloride, 25% 0.10 0.10 0.10 0.10
Vitamin premix® 0.25 0.25 0.25 0.25
Trace mineral premix® 0.25 0.25 0.25 0.25
Salt 0.40 0.40 0.40 0.40
Total 100.00 100.00 100.00 100.00

Calculated value

ME, kcal/kg 3,406 3,406 3,406 3,406
CP, % 20.24 20.23 20.22 20.20
Lysine, % 1.35 1.35 1.35 1.35
Methionine, % 0.39 0.39 0.39 0.39
Ca, % 0.80 0.80 0.80 0.80
P, % 0.65 0.65 0.65 0.65

aAbbreviation: SDPP, spray-dried plasma protein; HP, hydrolyzed porcine intestinal protein; CP, crude
protein; ME, metabolize energy; Ca, calcium; P, phosphorus.

bProvided per kg of complete diet: vitamin A, 11,025 1U; vitamin D3, 1103 IU; vitamin E, 44 1U; vitamin K,
4.4 mg; riboflavin, 8.3 mg; niacin, 50 mg; thiamine, 4 mg; d-pantothenic, 29 mg; choline, 166 mg; and
vitamin Bz, 33 mg.

°Provided per kg of the complete diet without Zinc: Cu (as CuSO45H,0), 12 mg; Mn (as MnO,), 8 mg; | (as
Kl), 0.28 mg; and Se (as Na>SeO3*5H,0), 0.15 mg.

407

20



Table 4. Compositions of basal diet and feeding experimental diets (as-fed-basis; phase 3/3-5w)?

Items HPO HP25 HP50 HP100
Ingredients, %

Corn 63.15 63.15 63.15 63.15
Extruded corn 5.00 5.00 5.00 5.00
Lactose 3.00 3.00 3.00 3.00
Dehulled soybean meal, 47% CP 15.70 15.70 15.70 15.70
Soy protein concentrate, 65% CP 8.00 8.00 8.00 8.00
SDPP 1.00 0.75 0.50 -
HP - 0.25 0.50 1.00
Soy oil 0.80 0.80 0.80 0.80
Monocalcium phosphate 1.12 1.12 1.12 1.12
Limestone 0.99 0.99 0.99 0.99
L-Lysine-HCI, 78% 0.27 0.27 0.27 0.28
DL-Methionine 0.07 0.07 0.07 0.06
Choline chloride, 25% 0.10 0.10 0.10 0.10
Vitamin premix® 0.25 0.25 0.25 0.25
Trace mineral premix© 0.25 0.25 0.25 0.25
Salt 0.30 0.30 0.30 0.30
Total 100.00 100.00 100.00 100.00

Calculated value

ME, kcal/kg 3,387 3,387 3,387 3,387
CP, % 19.90 19.89 19.88 19.86
Lysine, % 1.24 1.24 1.24 1.24
Methionine, % 0.36 0.36 0.36 0.36
Ca, % 0.70 0.70 0.70 0.70
P, % 0.60 0.60 0.60 0.60

aAbbreviation: SDPP, spray-dried plasma protein; HP, hydrolyzed porcine intestinal protein; CP, crude
protein; ME, metabolize energy; Ca, calcium; P, phosphorus.

bProvided per kg of complete diet: vitamin A, 11,025 IU; vitamin D3, 1103 IU; vitamin E, 44 1U; vitamin K3,
4.4 mg; riboflavin, 8.3 mg; niacin, 50 mg; thiamine, 4 mg; d-pantothenic, 29 mg; choline, 166 mg; and
vitamin Bz, 33 mg.

°Provided per kg of complete diet without Zinc: Cu (as CuSO4+5H20), 12 mg; Mn (as MnO3y), 8 mg; | (as KI),
0.28 mg; and Se (as Na;SeO3*5H,0), 0.15 mg.
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Table 5. Effect of different ratios of spray-dried plasma protein (SDPP) and hydrolyzed porcine intestinal

protein (HP) in the diet on growth performance of weaning pigs

Items HPO HP25 ~ HPS0  HPL0O0 SE : p-value :
Diet Linear  Quadratic
BW, kg
Initial 7.31 7.36 7.39 7.33 0.299 0.998 - -
Weeks 1 8.43 8.46 8.42 8.35 0.289 0.993 0.818 0.867
Weeks 3 12.83 12.96 12.76 12.67 0.304 0.917 0.618 0.717
Weeks 5 19.80 19.94 19.44 18.83 0.312 0.087 0.024 0.245
Weeks 0-1
ADG, ¢ 160.00a  157.14ab  146.90ab  145.48b 3.609 0.021 0.003 0.845
ADFI, g 276.00 274.05 284.67 289.29 5.360 0.179 0.048 0.547
G:F 0.58a 0.57ab 0.52bc 0.50c 0.015 0.002 <0.001 0.822
Weeks 1-3
ADG, g 314.05 321.43 310.12 308.57 4.868 0.275 0.217 0.370
ADFI, g 585.50 584.67 590.33 589.33 6.430 0.903 0.557 0.990
G:F 0.54 0.55 0.53 0.52 0.012 0.375 0.215 0.560
Weeks 3-5
ADG, g 497.86a 498.33a  477.14ab  440.24b 15.077 0.042 0.009 0.229
ADFl, g 923.33 916.17 918.33 924.83 7.233 0.811 0.839 0.356
G:F 0.54a 0.54a 0.52ab 0.48b 0.014 0.013 0.003 0.103
Weeks 0-5
ADG, g 356.76a  359.33a 344.2%9ab  328.62b 4.959 0.001 <0.001 0.081
ADFI, g 658.73 655.14 660.40 663.52 3.560 0.430 0.232 0.357
G:F 0.54a 0.55a 0.52ab 0.50b 0.007 <0.001 <0.001 0.035

HPO, basal diet on SDPP; HP25, basal diet with 25% replacement of SDPP with HP; HP50, basal diet with

50% replacement of SDPP with HP; HP100, basal diet with 100% replacement of SDPP with HP; BW, body
weight, ADG, average daily gain; ADFI, average daily feed intake; G:F, feed efficiency; SE, standard error.
a¢Means within a row with different letters are significantly different at p < 0.05.
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Table 6. Effect of different ratios of spray-dried plasma protein (SDPP) and hydrolyzed porcine intestinal
protein (HP) in the diet on diarrhea score of weaning pigs

ltems HPO  HP25 HP50 HP100  SE S E‘é:;“re Suadrati
Diarrhea score?
Weeks 0-1 160 167 166 163 0031 039 0614  0.106
Weeks 1-3 170 170 170 174 0050 0.897 0580  0.867
Weeks 3-5 138 136 138 141 0020 0324 0174  0.280
Weeks 0-5 155 160 160 162 0029 0394 0123 0441

Frequency of diarrhea®, % 27.62 33.82 3572 32.62 - 0.269 - -

HPO, basal diet on SDPP; HP25, basal diet with 25% replacement of SDPP with HP; HP50, basal diet with
50% replacement of SDPP with HP; HP100, basal diet with 100% replacement of SDPP with HP; SE,
standard error.

@Diarrhea score was determined as follow: 0, Normal feces; 1, Soft feces; 2, Mild diarrhea; 3, Severe diarrhea.
PFrequency of diarrhea (%) = (number of pigs with diarrhea / number of pen days) x 100.
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Table 7. Effect of different ratios of spray-dried plasma protein (SDPP) and hydrolyzed porcine intestinal
protein (HP) in the diet on nutrient digestibility of weaning pigs

ltems, % HPO  HP25  HP50  HP100  SE = Fl’_l\:l':re Sundratc
Weeks 1

DM 8522 8496 8499 8476 0217 0517 0174  0.946

cP 81742 8l43ab 80.28ab 79.95b 0431 0021 0003  0.985

GE 8195 8191 8193 8L74 0459 0986 0766  0.863
Weeks 3

DM 8359 8348 8304 8334 0172 0153 0136 0244
cP 81.14a 8l12a 8020b 8011b 0211 0002  <0.001  0.855
GE 8046 8039  79.92 8023 0178 0174 0156  0.297
Weeks 5

DM 8258 8270 8198  8L.79 0601 0655 0263  0.801
cP 80.14a 80.06a 79.46ab 79.06b 0241 0014 0002 0511
GE 8019 8012 7962 7944 0794 0885 0449 0944

HPO, basal diet on SDPP; HP25, basal diet with 25% replacement of SDPP with HP; HP50, basal diet with
50% replacement of SDPP with HP; HP100, basal diet with 100% replacement of SDPP with HP; DM, dry
matter; CP, crude protein; GE, gross energy; SE, standard error.

abMeans within a row with different letters are significantly different at p < 0.05.
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Table 8. Effect of different ratios of spray-dried plasma protein (SDPP) and hydrolyzed porcine intestinal
protein (HP) in the diet on blood profiles of weaning pigs

ltems HPO  HP25  HPS0 HPL00  SE p-value
Diet Linear  Quadratic

Weeks 1

RBC, 10%/ul 7.01 7.02 7.04 7.06 0.023 0.356 0.080 0.909
TP, g/dL 4.97 4.67 5.02 5.00 0.141 0.281 0.362 0.207
BUN, mg/dL 8.53 7.85 8.50 8.18 0.264 0.253 0.953 0.222
WBC, 10%/ul 18.90 18.44 18.74 18.38 0.281 0.527 0.421 0.535
Lymphocyte, % 35.22 35.00 33.77 32.85 0.760 0.129 0.022 0.843
Neutrophil, % 57.28 56.85 57.57 59.15 0.766 0.197 0.081 0.324
Eosinophil, % 1.12 1.07 1.02 1.08 0.048 0.536 0.453 0.287
Monocyte, % 5.53 5.58 5.98 5.95 0.232 0.397 0.109 0.858
Weeks 3

RBC, 10%ul 6.87 6.81 6.97 6.93 0.081 0.536 0.278 0.758
TP, g/dL 472 4,75 5.10 5.07 0.122 0.068 0.013 0.798
BUN, mg/dL 9.17 9.67 10.67 11.17 0.580 0.091 0.013 0.788
WBC, 10%/ul 18.64 18.80 18.75 18.30 0.214 0.366 0.297 0.262
Lymphocyte, % 43.15 42.07 41.62 41.58 0.484 0.111 0.030 0.179
Neutrophil, % 46.33 47.15 47.90 47.48 0.578 0.296 0.111 0.276
Eosinophil, % 8.38 8.28 8.25 8.23 0.076 0.513 0.178 0.452
Monocyte, % 1.67 1.68 1.98 2.12 0.165 0.173 0.032 0.850
Weeks 5

RBC, 10%ul 6.85 6.86 7.04 6.83 0.081 0.239 0.597 0.394
TP, g/dL 5.33c 5.37bc 5.98a 5.87ab 0.128 0.002 0.001 0.656
BUN, mg/dL 9.17b 9.33b 11.00ab  11.50a 0.603 0.027 0.003 0.931
WBC, 10%/ul 18.56 18.89 18.23 18.53 0.202 0.184 0.276 0.579
Lymphocyte, % 52.25 51.10 49.90 47.92 2.339 0.606 0.197 0.966
Neutrophil, % 38.22 39.33 40.40 42.57 2.308 0.595 0.196 0.993
Eosinophil, % 1.23 1.27 1.28 1.38 0.063 0.399 0.130 0.870
Monocyte, % 7.90 7.65 7.97 7.83 0.121 0.313 0.638 0.350

HPO, basal diet on SDPP; HP25, basal diet with 25% replacement of SDPP with HP; HP50, basal diet with
50% replacement of SDPP with HP; HP100, basal diet with 100% replacement of SDPP with HP; WBC,
white blood cell; RBC, red blood cell; TP, total protein; BUN, blood urea nitrogen; SE, standard error.
a¢Means within a row with different letters are significantly different at p < 0.05.
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Table 9. Effect of different ratios of spray-dried plasma protein (SDPP) and hydrolyzed porcine intestinal
protein (HP) in the diet on fecal microflora of weaning pigs

ltems, log CFU/g ~ HPO  HP25  HP50  HP100  SE = Fl’_l\:l':re Sundratc
Weeks 1
E. coli 640 642 644 646 0028 0495 0131  0.925
Lactobacillus 733 731 728 730 0021 0448 0198  0.390
Weeks 3
E. coli 632 632 636 637 0030 0470 0124 0944
Lactobacillus 734 735 726 728 0036 0251 0098  0.908
Weeks 5
E. coli 621 618 625 624 0028 0326 0170 0575
Lactobacillus 738ab  7.40a 7200  7.28b 0025 0004 0001 0505

HPO, basal diet on SDPP; HP25, basal diet with 25% replacement of SDPP with HP; HP50, basal diet with
50% replacement of SDPP with HP; HP100, basal diet with 100% replacement of SDPP with HP; CFU,

colony forming unit; E. coli, Escherichia coli; SE, standard error.

3 bMeans within a row with different letters are significantly different at p < 0.05.
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Table 10. Effect of different ratios of spray-dried plasma protein (SDPP) and hydrolyzed porcine intestinal
protein (HP) in the diet on economic evaluation of weaning pigs

ltems HPO HP25  HP50  HP100 SE S pL;’na;:re e
Weeks 0-1
TWG, kg/pig 112a  110ab  1.03ab  1.02b 0025 0021 0003  0.845
TFI, kg/pig 1.93 1.92 1.99 202 0038 0179 0048 0541
FCG, USD/kg gain 211 2.08 2.25 217 0067 0289 0242 0739
Weeks 1-3
TWG, kg/pig 4.40 450 4.34 432 0068 0275 0217  0.370
TFI, kg/pig 8.20 8.19 8.26 825 0090 0903 0560 0.978
FCG, USD/kg gain  2.02 1.93 2.08 193 0043 0367 0280 0718
Weeks 3-5
TWG, kg/pig 6.97a 698  6.68ab  6.16b 0211 0042 0009  0.229
TFI, kg/pig 1293 1283 1286 1295 0101 0811 0836 0.356
FCG,USD/kggain 176ab  173b  180ab  194a 0054 0047 0018 0.114
Weeks 0-5
TWG, kg/pig 12492 12582 12.05ab  1150b  0.174 ~ 0001 <0.001 0.081
TFI, kg/pig 2306 2293 2311 2322 0125 - 0430 0231 0350
FCG, USD/kg gain ~ 1.95 1.89 1.96 200 0028 0087 0083 0.115

HPO, basal diet on SDPP; HP25, basal diet with 25% replacement of SDPP with HP; HP50, basal diet with
50% replacement of SDPP with HP; HP100, basal diet with 100% replacement of SDPP with HP; TWG, total

weight gain; TFI, total feed intake; FCG, feed cost per kg gain; SE, standard error.
2 bMeans within a row with different letters are significantly different at p < 0.05.
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