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Background and Aims: The purpose of this study was to determine the effects of low protein diets with the same Lys, Met + Cys, Thr, and Trp levels as in high protein diets on the fecal amino acid excretion and apparent digestibility, and ileal and fecal microbial amino acids composition in weaned piglets.

Methods: Fifty-four 21-day-old Duroc × Landrace × Yorkshire weaned piglets were randomly divided into three groups and fed with corn-soybean meal basal diets, in which the crude protein (CP) content was 20% (H-CP), 17% (M-CP), and 14% (L-CP), respectively. The experiment included a 7-day adaptation period and a 45-day trial period. Six piglets in each group were randomly slaughtered on days 10, 25, and 45 of the trial period, and the intestinal contents, intestinal mucosa, and feces were collected.

Results: The results showed that the interaction between feeding time and dietary CP levels was reflected in the apparent digestibility of dietary CP and amino acid (AA) (p < 0.01). With the increase of age, the apparent digestibility of CP and AA were increased (p < 0.01). With the increase of CP levels, the excretion of nitrogen (N) was decreased (p < 0.01), whereas the flow of microbial AA in the ileum and feces were increased (p < 0.01). The interaction between feeding time and dietary CP levels was also reflected in the composition of AA in the ileum and stool of piglets (p < 0.01). The proportion of His, Lyr, Met, Cys, and Ser was lower than the average, whereas the proportion of Phe, Leu, Pro, Ala, Glu, and Asp was higher than the average. With the increase of age, the AA content of microorganisms increased (p < 0.01).

Conclusion: All in all, this work revealed the changes of N, CP, and AA excretion and digestibility of feces and microorganisms of piglets under the combined action of different dietary protein levels and different feeding times, and also the changes of AA composition of intestinal microorganisms and AA composition of microorganisms.
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INTRODUCTION

The shortage of protein feed resources and the environmental pollution caused by N emissions were two difficult problems to be solved urgently in the piglets' industry nowadays (1). A low protein diet with an AA balance could effectively alleviate these two problems and be gradually applied to different growth stages of piglets. From the economic and environmental point of view, reducing dietary CP and supplementing crystalline AA were effective strategies for the piglets' industry to reduce costs and pollution (2, 3). It was reported that for every 1% reduction of CP in the diet, the total N excretion was reduced by about 8% (4). According to the above theory and the NRC recommendation, reducing the dietary CP level by 2–4%, according to the NRC recommendation, and adding appropriate synthetic AA could not only meet the protein demand of animals but also effectively reduce N emission (5). The researchers lowered feed CP levels according to theoretical values and added crystalline Lys, Try, Thr, and Met to the feed and found that such a combination did not cause a decline in the growth performance of the piglets (6). Dai et al. (7) also pointed that this AA could make up for the lack of feed protein. Therefore, to maximize the saving of protein resources and alleviate pollution, the critical point of dietary CP levels should be determined and the best AA balance model should be designed.

Ignoring the effect of intestinal microorganisms on protein digestion and metabolism, most traditional nutrition studies focused on the intake of protein, AA patterns, and protein utilization of piglets themselves (8). The microorganisms in piglet intestines were mainly anaerobes and facultative anaerobes, of which Bacteroides account for more than 90%, which played an important role in maintaining body health and improving immunity, absorption, and metabolism of nutrients (9). Dietary proteins and AA which could not be digested in the small intestine (together with nitrogenous substances such as digestive enzymes and mucus secreted by the small intestine) were used by microorganisms to synthesize bacterial proteins after entering the intestine or degrade metabolites such as ammonia, hydrogen sulfide, biogenic amines, phenols, and indole compounds (10). The decrease of dietary protein level in growing piglets increased the relative abundance of intestinal microflora (11). The intestinal microorganisms of porcine metabolized some essential AA (such as Lys and Thr) and some conditionally essential AA, and the metabolism of some specific AA required the interaction of some specific microorganisms (7). Therefore, intestinal bacteria colonized their hosts in the process of N metabolism.

However, there was no in-depth research on the metabolism of AA and proteins by intestinal microorganisms. There were few reports about the effect of CP level on the AA composition of intestinal bacteria. Therefore, the experiment was conducted to study the effects of dietary protein levels on the apparent digestibility of CP and AA and the AA composition of intestinal microorganisms in piglets. Thus, this study provided a scientific theoretical basis for further understanding the digestion and absorption of protein in the intestinal tract of piglets, reducing N emissions, and changing the supply mode of N nutrients by gastrointestinal microorganisms. The objectives of the present work were to investigate whether the same levels of Lys, Met + Cys, Thr, and Trp in the L-CP diet and the H-CP diet affected fecal amino acid excretion, apparent digestibility, and microbial amino acid composition in ileum and feces of weaned piglets.



MATERIALS AND METHODS


Animals, Experimental Design, and Diets

Fifty four Duroc × Landrace × Yorkshire barrows (initial BW = 5.55 ± 0.49 kg, 21-day-old) were obtained from a local commercial swine farm. All piglets were raised separately in 24 ± 1°C steel metabolic crates. Fifty-four piglets were randomly divided into three groups, with 18 piglets in each group and each piglet was a repeat. The experiment lasted for 45 days according to three dietary protein levels (14, 17, and 20%). The diets for piglets were prepared according to various nutrients recommended by NRC (12). They were allowed to eat and drink freely in a mechanically ventilated temperature-controlled room at 24 ± 1°C. The formula of the diet is shown in Table 1. All experimental procedures were approved by the License of Experimental Animals (SYXK 2014-0002) of the Animal Experimentation Ethics Committee of Southwest University, Chongqing, China.


Table 1. Ingredient composition of experimental diets in weaned piglets (g/kg, DM basis).
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Measurements and Sampling

On days 10, 25, and 45 of the experiment, six piglets were randomly selected from each group to collect feces, and then intravenous anesthesia with pentobarbital sodium (50 mg/kg BW) was used to collect blood. In addition, the digestive juice at the end of the ileum was collected with sterilized plastic bags. The samples were stored at 4°C for microbial separation and chemical analysis. A summary of the centrifugation protocol is given in Figure 1. The samples for chemical analysis were stored at −20°C (6).


[image: Figure 1]
FIGURE 1. Schematic diagram of the processing of the digesta samples.




Chemical Analyses

The feces were dried to a constant mass in a forced bellow at 95°C, and other digestive juice samples were fractionated by 250 RCF for 15 min at 4°C differential centrifugation. The determination of total N and AA composition follows the method proposed by predecessors (9, 10).



Data Treatment and Statistical Analysis

The endogenous indicator acid insoluble ash (AIA) was determined to calculate the apparent digestibility of dry matter, CP, and total AA. The formula is as follows: 1-bc/ad, where a denotes the content of DM, CP, or AA in diets (%); b denotes the content of dry matter (DM), CP, or AA in feces (%); c denotes the content of AIA in diet (%); and d denotes the content of AIA in feces (%). AA compositions were the content of single AA in TAA. The basic statistics of the data were carried out by Microsoft Excel 2020, the routine indexes were analyzed by SAS two-way ANOVA and significance test, and the measured data were analyzed by single factor ANOVA and significance test by SAS statistical software. The results were expressed by mean ± SEM, p < 0.05. The difference was significant.




RESULTS


Fecal N Excretion and Digestibility

As shown in Table 2, the excretion and digestibility of DM, CP, TN, total protein N (TPN), and total non-protein N (TNN) of piglets were increased with the increase of dietary protein levels on days 10 and 25 (p < 0.01). The excretion and digestibility of DM, CP, TN, TPN, and TNN of L-CP and H-CP were higher than those in the M-CP group on day 45 (p < 0.01). The excretion and digestibility of DM, CP, TN, TPN, and TNN of L-CP and H-CP were higher than those in the M-CP group on day 45 (p < 0.01). The excretion of microbial total N (MTN), microbial protein N (MPN), and microbial non-protein N (MNN) of piglets in the H-CP group were higher than those in the L-CP group and M-CP group on day 10 (p < 0.01). The excretion of MTN, MPN, and MNN in the M-CP group was higher than those in the L-CP group and H-CP group on days 25 and 45 (p < 0.01). The excretion of MTN, MTN, and MNN at day 25 was lower than those on days 10 and 45 (p < 0.01). The interaction effects between feeding time and dietary protein level (Days × CP) were as follows: CP (p < 0.01); total N (TN) (p < 0.01); TPN (p < 0.01); total non-protein N (TNN) (p < 0.01); MTN (p < 0.01); MPN (p < 0.01); and MNN (p < 0.01).


Table 2. Effects of dietary different protein levels on N excretion in feces and its apparent digestibility of piglets.
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Fecal Total AA Excretion and Apparent Digestibility

As shown in Table 3, the excretion of total AA (TAA), essential AA (EAA), and non-essential AA (NEAA) decreased with the increase of feeding days of piglets (p < 0.01), and the digestibility of TAA, EAA, and NEAA increased with the prolongation of feeding time (p < 0.01). The excretion of TAA, EAA, NEAA, TAA (–M), NEAA (–M), and EAA (–M) increased with the increase of dietary protein level on days 10 and 20 (p < 0.01). The digestibility of TAA, EAA, and NEAA in the H-CP group was higher than those in the L-CP group and M-CP group (p < 0.01). The digestibility of TAA, EAA, and NEAA in the M-CP group was lower than those in L-CP and H-CP groups at days 10 and 25 (p < 0.01). The digestibility of TAA, EAA, and NEAA in the L-CP group was lower than those in M-CP and H-CP groups at day 45 (p < 0.01). Interestingly, the change law of the above results is similar after the AA part of the microbes were removed from feces AA. The interaction effects between feeding time and dietary protein level (Days × CP) were as follows: TAA (p < 0.01), TAA digestibility (p < 0.01), NEAA (p < 0.01), NEAA digestibility (p < 0.01), EAA digestibility (p < 0.0l), TAA (–M) (p < 0.01), TAA digestibility (–M) (p < 0.01), NEAA (–M) (p < 0.01), NEAA digestibility (–M) (p < 0.01), EAA (–M) (p < 0.01), and EAA digestibility (–M) (p < 0.01).


Table 3. Effects of dietary protein levels on the TAA excretion (mg/g DM) and apparent digestibility (%) of piglets.
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Fecal AA Excretion and Apparent Digestibility

As shown in Table 4, the excretion of all amino acids in piglets, except Cys, decreased with the increase of feeding time (p < 0.01). The excretion of Asp, Pro, Val, Ile, Leu, Try, Phe, and Lys increased with the increase of dietary protein level (p < 0.01). The excretion of Asp, Ser, Glu, Gly, Ala, Cys, Val, Ile, Leu, Lys, Phe, Lys, and Arg increased with the increase of dietary protein level on day 10 (p < 0.01). The excretion of Asp, Ser, Gly, Ala, Thr, Cys, Val, Met, Ile, Leu, Try, Phe, Lys, and Arg increased with the increase of dietary protein level on day 25 (p < 0.01). The excretion of Asp, Pro, Thr, Val, Ile, Leu, Try, and Phe increased with the increase of dietary protein level (p < 0.01) on day 45. The interaction effects between feeding time and dietary protein level (Days × CP) were as follows: Try (p < 0.01), Glu (p < 0.01), glycine (Gly) (p < 0.01), Ala (p < 0.01), Pro (p < 0.01), Thr (p < 0.01), Cys (p < 0.01), Met (p < 0.01), Lys (p < 0.01), His (p < 0.01), and Arg (p < 0.01) in the feces of piglets.


Table 4. Effects of dietary protein levels on the excretion of the amino acid in feces of piglets (mg/g DM).
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As can be seen from Table 5, the apparent digestibility of Ala, Ile, Leu, Tyr, Phe, and Lys of piglets in the M-CP group was lower than that of the L-CP group and H-CP group (p < 0.01). The apparent digestibility of Met was higher than that in the other two groups. The apparent digestibility of Asp, Glu, Gly, Ala, Pro, Thr, Cys, Val, Ile, Leu, Tyr, Phe, Lys, His, and Arg in the H-CP group was higher than those in the L-CP group and M-CP group on day 10 (p < 0.01). The apparent digestibility of fecal Cys, Val, and Met in the M-CP group were higher than that in the L-CP group and H-CP group (p < 0.01), and the remaining amino acids were lower than those in the other two groups on day 25 (p < 0.01). The apparent digestibility of Glu, Gly, Cys, Met, His, and Arg increased with the increase of dietary protein level (p < 0.01), and the apparent digestibility of the remaining amino acids in the M-CP group was lower than those in the L-CP group and H-CP group on day 45 (p < 0.01). The interaction effects between feeding time and dietary protein level (Days × CP) were as follows: Asp (p < 0.01), Glu (p < 0.01), Gly (p < 0.01), Ala (p < 0.01), Pro (p < 0.01), Thr (p < 0.01), Cys (p < 0.01), Val (p < 0.01), Met (p < 0.01), Ile (p < 0.01), Leu (p < 0.01), Tyt (p < 0.01), Phe (p < 0.01), Lys (p < 0.01), His (p < 0.01), and Arg (p < 0.01) in piglet feces. At the level of feeding time, except for Cys and Met, the apparent digestibility of AA in feces increased significantly with the increase of feeding time (p < 0.01).


Table 5. Effects of dietary protein levels on the AA apparent digestibility in feces of piglets (%).
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Fecal Microbial AA Excretion

As shown in Table 6, the excretion of AA of fecal microorganisms of piglets on day 25 was lower than that on day 10 and day 45 (p < 0.01), and the excretion of TAA and NEAA of fecal microorganisms of piglets on day 25 was higher than that on days 10 and 45 (p < 0.0l). There was no significant difference in fecal microbial EAA excretion with the increase of feeding time (p > 0.05). The AA excretion of fecal microorganisms of piglets in the L-CP group was lower than that in the M-CP group and H-CP group (p < 0.01). The excretion of fecal microorganisms TAA, EAA, and NEAA increased with the increase of CP levels on day 10 (p < 0.01), and the excretion of TAA, EAA, and NEAA of the M-CP group were significantly higher than that of L-CP and H-CP on the day 25 (p < 0.01). Generally speaking, the emission of EAA was greater than that of NEAA. The interaction effects between feeding time and dietary protein level (Days × CP) were as follows: Asp (p < 0.01), Ser (p < 0.01), Glu (p < 0.01), Gly (p < 0.01), Ala (p < 0.01), Pro (p < 0.01), Thr (p < 0.01), Cys (p < 0.01), Val (p < 0.01), Met (p < 0.01), Ile (p < 0.01), Leu (p < 0.01), Tyr (p < 0.01), Phe (p < 0.01), Lys (p < 0.01), His (p < 0.01), and Arg (p < 0.01) in piglet feces.


Table 6. Effects of dietary protein levels on the microbe AA excretion in feces of piglets (mg/g DM).
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The excretion of amino acids except for Cys and Ile of fecal microorganisms increased with the increase of dietary protein level on day 10 (p < 0.01). The excretion of amino acids except for Cys and His of feces microbial in the M-CP group was higher than that in L-CP and H-CP (p < 0.01), and the excretion of microbial AA in L-CP was the lowest on day 25. The fecal excretion of amino acids except for Ser, Glu, Cys, Met, Ile, Leu, Tyr, and His of fecal microorganisms of piglets in the M-CP group was higher than that in the L-CP group and H-CP group (p < 0.01).



Effects of Different Protein Levels on Microbial AA Composition in Feces and Ileum of Piglets

As shown in Tables 7, 8, the number of microbial AA increased with the increase of piglet age. The EAA/NEEA of Ile chyme and feces decreased with the increase of dietary CP (p < 0.01). The protein nutrition patterns of Asp, Ala, Glu, and Leu in the AA composition of ileum and feces of piglets were more obvious. The proportion of His, Tyr, Met, Cys, and Ser was lower than the average level, while the proportion of Phe, Leu, Pro, Ala, Glu, and Asp were higher than the average level. The interaction effects between feeding time and dietary protein level (Days × CP) were was reflected in Asp (p < 0.01), Glu (p < 0.01), Ala (p < 0.01), Pro (p < 0.01), Cys (p < 0.01), Val (p < 0.01), Met (p < 0.01), Ile (p < 0.01), Tyr (p < 0.01), Phe (p < 0.01), Lys (p < 0.01), His (p < 0.01), and Arg (p < 0.01) in ileum and feces of piglets.


Table 7. Effects of dietary protein levels on the microbial bacteria AA form in feces of piglets (%).
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Table 8. Effects of dietary protein levels on the microbial bacteria AA form in ileum of piglets (%).
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DISCUSSION


Apparent Digestibility of CP and AA

Research showed that the composition of dietary nutrients could directly affect the secretion of digestive enzymes in piglets (11). Griffiths reported that high protein levels could significantly affect the activity of digestive enzymes in the intestines of piglets (13). The secretion of digestive enzymes directly restricted the absorption and utilization of dietary CP, and so different dietary CP levels could lead to differences in fecal CP, AA, fecal CP digestibility, and AA digestibility of piglets. In this experiment, the apparent digestibility of CP and AA were increased linearly with the increase of dietary CP levels. When the CP levels increased to 20%, the measured indexes and the corresponding apparent digestibility increased significantly. It could be seen that increasing the dietary protein level in an appropriate range would directly affect the digestion and metabolism of nutrients such as dry matter, CP and AA in piglets.

In this study, the digestibility of dry matter, CP, and N increased significantly with the increase of feeding time, and H-CP was significantly higher than that of the L-CP group and M-CP group. The reasons were the following points: first, the intestinal development of piglets was not perfect, the secretion of digestive enzymes is less, the digestive system of piglets tended to mature after 45 days, and the secretion of all kinds of digestive enzymes tended to be stable. Secondly, properly increasing the dietary protein level and balanced AA level was beneficial for the absorption and utilization of the digestive tract of piglets. Some studies had shown that endogenous N could affect the apparent digestibility of intestinal N. When the dietary protein content was low, because of the increasing proportion of endogenous protein, the apparent digestibility of CP was decreased. In addition, protease was a kind of dietary protein metabolic enzyme, and the dietary protein level could directly affect the protease activity in the digestive tract. Within a certain range of protein levels, the apparent digestibility of CP was positively correlated with dietary protein levels (14), which was consistent with the results of this study.

There was not a simple linear relationship between CP apparent digestibility and dietary CP content. The study of Silva and Perera (15) pointed out that with the increase of dietary protein level, the apparent digestibility of dietary protein increased at first and then decreased. The results showed that there is an optimal concentration range for protein utilization. The digestibility of protein would not be ideal if the protein level was below or above the concentration range, that is, the protein digestibility would not be ideal on day 45. There was no such change in the results of this study, and the reason for the difference might be that the protein level in the study did not exceed the optimal range and belonged to the rising zone. At the same time, weaned piglets were in a special physiological period, and the utilization of protein level at this stage remains to be further studied.

The differences in dietary N digestion and utilization of piglets under different CP levels led to differences in N excretion (16, 17). In this study, within the range of 14–20% CP the apparent N digestibility of piglets increased linearly with the increase of CP levels, and the total N excretion increased with the increase of dietary CP levels and feeding time, which was consistent with the conclusions of other scholars (18). The apparent biological value of protein was mainly affected by the deposition ability of N nutrients and the degree of dietary protein balance, which reflected the utilization degree of N nutrients in piglets. The protein balance of the three diets used in this experiment was the same, and so the apparent biological value mainly depended on the ability of piglets to deposit N nutrients absorbed from the diet. When the dietary protein level was lower than the needs of the body, the piglets would make adaptive adjustments in order to improve the utilization efficiency of N nutrients absorbed in the diet and increase the deposition of N nutrients.



Effects of Different Protein Levels on Microbial AA Composition in Feces and Ileum of Piglets

AAs played a very important role in animal nutrition and physiology (19). However, there was a lack of knowledge about the utilization and metabolism of AA in intestinal microorganisms. The results of human-like microorganisms in vitro culture showed that the rapidly fermented AA of human-like microorganisms was Lys, Arg, Thr, His, Glu, and Asp (20). The addition of fermentable carbohydrates to the culture system could reduce the decarboxylation of AA and the formation of amines by bacteria (21). The study also showed that the bacteria of Clostridium, Bacteroides, and Prepfococo were the main AA fermentation bacteria in the human intestine (22). Studies on fistula piglets had shown that Lys, Phe, and branched-chain AA synthesized by bacteria in the intestinal cavity can be absorbed by the small intestine and large intestine (23). However, these findings did not explain the high level of net utilization of AA in the intestine (24). So far, the metabolic pathway of dietary AA, especially essential AA, in the intestinal cavity was not clear (25). The study also showed that the bacteria of Clostridium, Bacteroides, and Prepfococo were the main AA fermentation bacteria in the human intestine (26). Studies on fistula pigs had shown that lysine, phenylalanine, and branched chain AA synthesized by bacteria in the intestinal cavity could be absorbed by the small intestine and large intestine (27, 28). However, these findings did not explain the high level of net utilization of AA in the intestine (27). So far, the metabolic pathway of dietary AA, especially essential AA, in the intestinal cavity was not clear (29). In this experiment, the proportion of microbial AA in piglet feces was only 1–5%, and the response of intestinal microorganisms Asp, Ala, Glu, and Leu to the N nutrition model was more obvious. In the AA composition of intestinal microorganisms, it was found that there were similarities between ileum and rectum: the proportion of His, Tyr, Met, Cys, and Ser was lower than the average level. The proportion of Phe, Leu, Pro, Ala, Glu, and Asp was higher than the average level.




CONCLUSIONS

To sum up, this study revealed some scientific problems, such as the changes of N, CP, and AA excretion and digestibility of feces and microorganisms of piglets at different feeding times, the changes of AA composition of intestinal microorganisms, the changes in AA composition of microorganisms, the mechanism of enzyme activity, and the mechanism of enzyme activity affecting the changes of biogenic amines. The purpose of this work was to provide a theoretical basis for the follow-up research on how gastrointestinal microorganisms and gastrointestinal digestion and metabolism change the mode of N supply.
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10d

25d

45d
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P-value
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Lcp
M-cP
H-cP
Lop
M-CP
H-CP
Lcp
M-cP
H-CP
Days

e

Days x CP
Days

3

Days x CP

Asp

224
23.0
249
19.5
226
225
137
169
18.0
04
0.4
0.70
<0.01
<0.01
0.23

Ser

71
83
11.8
58
7.6
92
6.3
59
6.3
02
0.2
04
<0.01
<0.01
<0.01

Glu

303
327
356
28.7
316
306
376
228
377
05
05
09
<0.01
<0.01
<0.01

aly

13.7
17.3
18.6
14.2
16.9
17.7
16.4
13.4
15.4
03
03
05
<0.01
<0.01
<0.01

Ala

23.1
24.7
26.7
221
248
244
234
19.7
197
03
03
0.60
<0.01
0.33
<0.01

Pro

15.1
143
14.4
126
135
135
75
9.4
122
03
03
050
<0.01
<0.01
<0.01

Tyr

82
9.0
95
58
7
83
51
6.1
6.7
02
02
04
<0.01
<0.01
06

Thr

12.4
1.6
121
78
10.2
10.0
75
75
8.6
0.2
0.2
0.30
<0.01
<0.01
<0.01

Cys

35
38
5.0
49
37
8.4
70
36
34
04
04
0.67
0.02
<0.01
<0.01

Val

15.5
188
19.1
15.6
17.7
17.8
1.5
143
145
02
02
0.4
<0.01
<0.01
0.46

Met

32
44
4.0
33
35
41
37
22
g
0.1
0.1
02
<0.01
0.33
<0.01

lle

138
16.4
17.0
133
15.5
16.1
101
124
125
03
03
04
<0.01
<0.01
0.57

Leu

249
291
31.4
239
26.4
26.7
16.7
205
209
0.5
05
0.83
<0.01
<0.01
025

Phe

122
14.2
14.0
111
1.9
124
86
9.9
102
02
02
03
<0.01
<0.01
0.58

Lys

10.5
12.0
122
2.9
1.4
1.6
9.0
8.1
9.1
0.2
0.2
03
<0.01
<0.01
<0.01

His

4.5
4.6
5.0
39
4.2
41
5.1
3.4
33
0.1
0.1
02
<0.01
0.05
<0.01

Arg

6.1
72
86
5.0
85
6.7
56
45
4.8
02
02
03
<0.01
<0.01
<0.01
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7.7
84.9
81.8
84.3
86.0
91.6
89.0
91.0
0.59
0.59
1.03
<0.01
<0.01
<0.01

84.1
798
84.0
90.3
87.3
87.2
90.4
90.0
91.0

05

05
0.86
<0.01
<0.01
0.04

Glu

80.2
790
879
86.1
86.0
89.2
86.5
912
928
0.43
0.43
074
<0.01
<0.01
<0.01

aly

723
64.2
816
789
76.0
81.5
80.0
83.5
86.6
0.65
0.65
1.12
<0.01
<0.01
<0.01

Ala

65.3
60.8
783
756
733
702
85.4
842
86.2
0.77
0.77
1.33
<0.01
<0.01
<0.01

Pro

76.4
T
88.9
855
853
89.3
939
91.4
915
05
05
087
<0.01
<0.01
<0.01

Tyr

69.5
64.4
76.5
839
791
791
87.7
84.7
86.1
085
0.85
1.48
<0.01
<0.01
<0.01

Thr.

743
74.0
839
88.2
843
86.3
91.2
89.3
89.8
0.64
0.64
1.1
<0.01
<0.01
<0.01

Cys

745
69.9
80.4
735
796
66.4
68.6
83.2
87.3
1.69
1.69
293
0.08
0.03
<0.01

Val

703
613
81.1
75.0
87.3
779
87.6
83.1
87.3
0.68
0.68
147
<0.01
<0.01
<0.01

Met

837
921
86.7
87.6
95.7
86.3
826
927
92.1
0.65
0.65
118
0.04
<0.01
<0.01

lle

69.8
62.7
795
785
759
81.2
87.6
83.6
87.4
0.74
0.74
1.28
<0.01
<0.01
<0.01

761
68.8
82.1
83.0
80.7
84.2
89.1
86.7
89.8
0.56
0.56
0.96
<0.01
<0.01
<0.01

Phe

759
704
838
839
830
85.0
889
87.7
90.3
0.58
0.58
1.01
<0.01
<0.01
<0.01

Lys

80.0
76.4
85.7
86.1
84.6
85.8
91.3
91.2
91.9
0.47
0.47
0.82
<0.01
<0.01
<001

His

87.0
86.0
90.8
919
91.2
926
899
928
94.6
0.44
0.44
0.76
<0.01
<0.01
0.01

Arg

89.3
87.2
91.8
93.5
92.1
93.4
94.4
95.1
96.1
0.25
0.26
043
<0.01
<0.01
<0.01
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Time (d) Items DM-D  CP-flow CP-D ™ TN-D TPN TPN-D TNN TNN-D MTN MPN MNN (mg/g

) melg (%) (mgg (%) (mgg () (mgs (%) (mofg  (mafg  DM)
DM) DM) DM) DM) DM) DM)

10d L-cP 85.0 261 69.6 41.8 69.6 36.7 765 5.1 585 0.67 0.59 0.09
M-CP 83.7 282 709 45.1 709 40.1 743 5.0 54.7 1.34 128 0.1
H-CP 89.6 302 826 483 82.6 428 84.4 55 75.4 212 1.86 026

25d L-CP 88.9 236 79.7 37.8 79.7 334 84.1 4.4 736 0.44 0.39 0.05
M-CP 88.8 27 80.8 43.4 80.8 38.0 835 5.4 6.0 094 084 0.11
H-CP 89.1 279 833 44.6 83.3 39.1 85.5 55 73.8 0.61 0.51 0.11

45d L-cP 91.2 228 842 36.6 84.2 31.0 88.3 56 772 1.35 1147 017
M-CP 88.6 208 84.1 333 84.1 28.1 88.4 52 756 1.86 1.67 0.19
H-CP 90.0 224 87.8 35.9 87.8 30.7 90.5 52 815 1.63 1.44 0.19

SEM Days 0.38 3.0 0.59 0.48 0.59 0.47 0.49 0.07 0.63 0.018 0.015 0.005
cP 0.38 30 0.59 0.48 0.59 0.47 0.49 0.07 0.63 0.018 0.015 0.005
Days x CP 0.66 5.2 1.03 0.8 1.08 08 0.85 0.12 1.09 0.028 0.025 0.008

P-Value  Days <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.08 <0.01 <0.01 <0.01 <0.01
cP <0.01 <0.01 <0.01 <0.01 <001 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Days x CP <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

L-CP, piglets fed a maize-soybean meal diet containing 14% CP; M-CP, piglets fed a maize-soybean meal diet containing 17% CP; H-CP piglets fed a maize-soybean meal diet containing
20% CP; SEM, standard error means; DM, dry matter; CR. crude protein; TN, total nitrogen, TP, total protein nitrogen; TNN, total non-protein nitrogen; MTN, microbial total nitrogen;
MPN, microbial protein nitrogen; MNN, microbial non-protein nitrogen. The same is in the following tables.
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Time (d) Items TAA TAA-D NEAA NEAA-D EAA EAA-D E/NE TAA  TAA-D NEAA NEAA-D EAA EAA-D EAA/NEAA

M) (M, %) (M) (M, %) (M) (M, %) (M) (M) (M%) M) EM, %) (M) (M) M)
10d  L-CP 226 765 111 780 115 773 104 2222 769 1093 7598 1128 77.7 1.08
M-CP 251 743 120 765 131 744 109 2438 751 1175 7491 1266 752 1.08
H-CP 270 844 182 845 188 838 105 2584 852 1269 8872 1315 846 1.04
25d  LCP 207 841 102 850 105 847 103 2045 842 1014 8352 1032 849 1.02
M-CP 236 835 117 843 119 841 102 2312 839 1143 8331 1163 844 1.02
H-CP 243 855 118 856 125 848 106 2894 857 116 8640 1285 850 1.06
45d  LCP 195 883 105 873 0 83 08 1876 885 1019 8690 86 900 0.84
M-CP 179 884 87 8838 92 802 106 1690 881 823 8783 867 83 1.05
H-CP 194 905 97 905 97 9.4 100 1847 901 925 9033 922 899 1.00
SEM  Days 3 0.49 1.4 049 170 050 30 048 1.7 0.49 1.8 0.48
cP 3 0.49 1.4 049 170 050 30 048 14 0.49 1.7 0.48
Days x CP 52 0.85 2.4 084 3 0.86 5.1 083 2.4 085 29 083
P-value Days <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <0.01
cP <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001

Days x CP <001 <001 <001 <001 0.06 <001 <001 <001 <001 <001 <001 <001 <001 <0.01
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Time (d) Items Asp Ser Gu Gy Ala Pro Tyr Thr Cys Val Met lle Leu Phe Lys His Arg TAA NEAA EAA EAA/NEAA

10d L-cp 9.41 364 1161 546 7.23 3.98 452 5.26 0.46 7.44 0.41 719 1341 717 478 332 478 1000 423 587 1.39
M-CP 9.89 339 1147 7.06 6.42 3.88 411 5.64 0.46 6.70 0.28 669 1259 7.33 547 346 519 1000 421 579 1.38
H-CP 876 360 1205 805 7.25 4.98 3.47 4.92 0.44 8.68 0.40 6.81 1219 646 475 299 422 10000 44.7 553 1.24
25d L-cp 9.44 465 1023 6552 5.96 5.48 4.09 4.87 0.48 6.47 0.68 6.41 18.71 814 386 467 535 100.00 41.3 6587 1.42
M-CP 1127 395 1280 639 6.35 4.75 3.60 4.72 0.26 7.87 0.38 800 1265 7.16 367 259 363 10000 455 54.5 120
H-CP 1072 476 1258 7.23 6.06 7.26 291 4.83 0.27 7.40 022 673 1231 7.46 402 277 238 10000 486 51.4 1.06
45d L-cpP 1092 4.25 9.77 5.82 6.53 4.93 296 5.02 0.48 7.34 0.63 832 1208 851 410 462 3.74 100.00 422 57.8 1.37
M-CP 1037 543 1196 643 7.07 457 304 467 055 628 035 627 1260 646 482 437 314 10000 475 525 111
H-CP 10.80 6.15 1258 7.53 7.80 4.44 3.87 5.37 0.42 .47 0.47 708 1009 634 386 2.77 313 100.00 49.3 507 1.03
SEM  Days 0.15 0.1 0.22 0.16 0.14 0.12 0.12 0.12 0.02 0.21 0.01 0.12 0.18 0.13 009 009 008 030 0.30 0.02
cP 0.15 0.11 0.22 0.16 0.14 0.12 0.12 0.12 0.02 0.21 0.01 0.12 0.18 0.13 009 009 008 030 0.30 0.02
Daysx CP 026 049 038 028 028 024 020 021 004 036 002 021 031 023 016 016 0.14 052 052 0.03
P-value Days <001 <001 0387 012 <001 <001 <001 004 <001 001 <001 015 0.03 005 <001 <001 <0.01 <0.01 <0.01 <0.01
cP <001 <001 <001 <001 004 <001 003 0.93 0.01 014 <001 004 <001 <001 <001 <001 <0.01 <0.01 <0.01 <0.01

Days x CP <001 <001 <001 035 <001 <001 <001 003 <001 <001 <001 <001 006 <001 <001 <001 <001 <0.01 <0.01 <0.01
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Time (d) Items Asp Ser Gu Gy Ala Po Tyr Thr Cys Val Met lle Leu Phe Lys His Arg TAA NEAA EAA EAA/NEAA

10d L-cp 0315 0145 0435 0216 0376 0473 0.165 0.156 0025 0320 0058 0260 0312 0255 0205 0.108 0.168 3.70 166 2.03 1.22
M-CP 0617 0263 0710 0635 02656 0362 0302 0365 0063 0706 0065 0563 0795 0456 0428 0.213 0.336 7.03 274 4.29 1.38
H-CP 0765 0438 1.340 0712 1406 0516 0565 0690 0052 098 0310 0728 1.011 0683 0626 0.265 0522 11.61 519 6.43 1.32
25d L-cp 0213 0.118 0266 0.150 0263 0087 0083 0223 0010 0.172 0018 0.153 0240 0.136 0.136 0.070 0085 244 1.10 1.34 129
M-CP 0680 0155 0658 0346 0670 0.168 0.150 0268 0020 0207 0097 0335 0498 0266 0280 0.135 0232 525 267 258 125
H-CP 0352 0.132 0352 0216 0330 0108 0126 0230 0035 0.198 0048 0241 0295 017 0156 0.000 0.12 320 148 1.71 1.23
45d L-crP 0698 0.343 0792 0633 0628 0176 0395 0462 0052 0.348 0.160 0677 0395 0593 0467 0.270 0.346 7.35 38.27 5.08 126
M-CP 1045 0355 1233 0702 1.168 0362 0408 0533 0105 0758 0.170 0702 1.108 0628 0505 0.263 0.395 10.04 4.86 6557 1.15
H-CP 0853 0351 1212 0532 1.080 0308 0350 0470 0077 0593 0.163 0545 1070 0553 0405 0.187 0312 9.00 4.29 4.72 1.10
SEM Days 0011 0012 0016 0009 0018 0008 0014 0012 0004 0013 0005 009 0014 0009 0008 0.006 0.01 0.044 0.057 0.011
cP 0.011 0.012 0.016 0009 0018 0008 0014 0012 0004 0013 0005 0090 0014 0009 0.008 0.006 001 0.044 0.057 0.011
Days x CP 0.020 0.020 0.027 0016 0032 0014 0024 0021 0007 0022 0008 0016 0024 0016 0015 0011 0.017 0.161 0.075 0.098
P-value Days <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <0.01 <0.01 <0.01 0.04  <0.01
cP <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <0.01 <0.01 <0.01 <0.01

Daysx CP <001 <001 <001 <001 <001 <001 <001 <001 0010 <001 <001 <001 <001 <001 <001 <001 <0.01 <0.01 <0.01 <0.01  <0.01
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Time (d) Items Asp Ser Gu Gy Ala Po Tyr Thr Cys Val Met lle Leu Phe Lys His Arg TAA NEAA EAA NEAA/EAA

10d L-cp 8.56 393 1176 587 1025 4.62 4.36 4.27 0.67 8.67 155 7.050 852 6.92 557 290 454 100.00 450 550 1.22
M-CP 8.33 3.43 9.62 728 8.49 4.87 4.06 4.92 0.84 1005 088 7.630 1073 6.18 580 291 455 100.00 420 580 1.38
H-CP 6.60 380 1154 615 1213 445 4.88 5.94 0.44 8.31 269 6300 872 5.89 541 230 447 100.00 447 553 1.32
25d L-cp 8.82 487 1092 617 1079 354 338 9.256 0.62 713 079 6240 990 5.61 565 286 3.57 10000 46.1 6549 129
M-CP 893 341 1090 756 919 367 316 589 044 644 205 7.330 1098 590 612 293 509 10000 43.7 563 125
H-CP 11.04 413 1104 680 1020 33 3.84 7.31 1.13 6.26 144 7610 915 536 489 289 362 10000 465 653.5 1.23
45d L-crP 9.64 464 1079 862 853 2.4 5.38 6.27 0.72 4.73 099 9180 533 8.09 6.38 369 4.72 100.00 445 6555 126
M-CP 10,01 3.41 1180 672 1120 346 391 513 1.01 7.26 167 6710 1062 6.05 483 242 380 10000 466 53.4 1.15
H-CP 9.49 391 1347 589 1146 342 388 520 0.85 6.68 170 6070 1192 6.15 451 206 345 10000 476 652.4 1.10
SEM Days 0.19 0.14 0.16 0.13 023 0.1 0.17 0.16 0.05 017 0.07 0.1 0.24 0.12 015 010 0.12 028 0.28
cP 0.19 0.14 0.16 0.13 0.23 0.11 017 0.16 0.05 0.17 0.07 0.1 0.24 0.12 015 0.10 0.12 028 0.28
Days x CP 0.32 0.24 027 0.23 0.40 0.19 0.30 0.28 0.09 0.29 0.1 0.19 0.41 0.20 020 0.7 021 049 0.49
P-value Days <001 012 <001 <001 059 <001 <001 <001 002 <001 <001 009 006 <001 020 032 <001 <0.01 <0.01 <0.01
cP 09 <001 <001 <001 <001 001 002 <001 008 <001 <001 <001 <001 <001 <001 <001 <0.01 <0.01 <0.01 <0.01

Daysx CP <001 036 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <001 <0.01 <0.01 <001 <001
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Ingredients 14%CP 17%CP 20%CP

Com 7180 66.50 63.70
Soybean meal 13.40 18.80 19.80
Whey powder 4.40 430 430

Fish meal 1.50 4.00 9.00

Soybean ol 410 260 080

L-LysHel 0.88 062 038

DL-Met 027 0.19 0.10

L-Thr 033 021 009

L-Tp 0.08 0.04 001

Monocalcium phosphate 1.15 074 000

Limestone 0.79 0.70 052

Salt 030 0.30 030

Premix 1.00 1.00 1.00

Total 100.00 100.00 100.00
Nutritional level (based on chemical analysis)

DM (MJ/kg) 14.60 1460 14.60
oP 14.14 1732 20.27
Lys 1.26 125 126

Met + Cys 0.63 065 062

Thr 076 075 076

Tp 0.20 0.20 020

Arg o7t 093 109

His 0.30 037 0.44

lleu 0.46 0.60 071

Leu 141 132 152

Phe 056 0.70 081

Val 054 064 072

Ca, % 0.70 0.71 069

Available P, % 053 055 057

EAA 629 718 791

NEAA 684 8.40 974

EAA/NEAA 090 0.85 080

In addition to digestive energy data, the remaining nutrients are measured values.
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