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Table 1. Ingredients and nutrient composition of
experimental diets

Dietary protein level /%

Composition NP MP LP
(20% CP) (17% CP) (14% CP)
Ingredients /%
Corn 63.70 66.50 71.80
Soya bean meal 19.80 18.80 13.40
Whey powder 4.30 4.30 4.40
Fish meal 9.00 4.00 1.50
Soya bean oil 0.80 2.60 4.10
L-Lysine 0.38 0.62 0.88
D/L-Methionine 0.10 0.19 0.27
L-Threonine 0.09 0.21 0.33
L-Tryptophan 0.01 0.04 0.08
Monocalcium phosphate  0.00 0.74 1.15
Limestone 0.52 0.70 0.79
NaCl 0.30 0.30 0.30
Minera premix* 1.00 1.00 1.00

Nutrient composition” [% in dry matter]
Digestible energy/(MJkg) 14.60 14.60 14.60

Crude protein 20.27 17.32 14.14
Lysine 1.26 1.25 1.26
Methionine + cysteine 0.63 0.65 0.63
Threonine 0.76 0.75 0.76
Tryptophan 0.20 0.20 0.20
Arginine 1.09 0.93 0.71
Histidine 0.44 0.37 0.30
Isoleucine 0.71 0.60 0.46
Leucine 152 1.32 11
Phenylalanine 0.81 0.70 0.56
Valine 0.72 0.64 0.54
Calcium 0.70 0.71 0.70
Phosphorus 0.57 0.55 0.53
Starch 40.22 41.95 45.16
Neutral detergent fiber 8.54 8.66 8.40
Acid detergent fiber 3.29 3.30 3.05

*Premix provided per kg of complete diet: 3800 IU vitamin A,
800 IU vitamin D3, 9 mg vitamin E, 1 mg vitamin K3, 1 mg
vitamin By, 2 mg vitamin B,, 1.2 mg vitamin Bg, 10 pg vitamin
B1,, 10 mg nicotinic acid, 50 pg biotin, 0.4 mg folic acid, 80 mg
iron (as FeSO,-H,0), 5 mg copper as (CuSO,-5H,0), 80 mg
zinc (as ZnSO,4-H,0 and ZnO), 0.14 mg iodine (as K1), 0.25 mg
Se (as Na,Se0s), 3 mg Mn (as MnSO,-H,0); *Analyzed values
except for digestible energy.
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Table 2. Blood biochemical parameters of weaned
piglets fed diets with different protein level

Item day NP MP LP SEM P-value

Total protein/(g/L) 10 51.98 55.17 59.15 1.430 0.127
25 50.37 49.00 48.28 1.195 0.791
45 5890 55.77 57.80 1.071 0.490
Albumin/(g/L) 10 3146 35.55 37.00 1.020 0.073
25 32.02 32.70 31.63 0.794 0.872
45 39.40 37.02 37.84 0.635 0.296
Globulin/(g/L) 10 20.52 19.62 22.15 0.787 0.419
25 18.35 16.30 16.65 0.593 0.339
45 19.50 18.75 19.96 0.783 0.838

Blood glucose/ 10 514 590 5.28 0.249 0.441
(mmol/L)
25 548 6.05 585 0.336 0.804

45 6.32 548 512 0.411 0.509

Blood urea 10 478 332 747 1.333 0444
nitrogen/(mmol/L)
25 4.07° 2.28° 2.20° 0.255 <0.001

45 4.65% 3.03° 2.24° 0.320 0.001

Cholesterol/ 10 176 1.80 2.02 0.109 0.615
(mmol/L)
25 185 21 205 0.071 0.338

45 1.95° 2.15° 2.44% 0.066 0.003

Triglyceride/ 10 074 064 0.60 0.047 0.496
(mmol/L)
25 0.62° 053° 0.86% 0.054 0.019

45 044 054 068 0.056 0.235

SEM: standard error of the means. The different lowercase
letters in the same column indicate significant difference at the
0.05 level.
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Table 3. Effect of dietary protein level on plasma hormones associated with growth in weaned piglets
Item Time/d NP MP LP SEM P-value
Glucagon/(pg/mL) 10 631.22 658.33 553.78 35.271 0.465
25 326.63 362.02 494.34 32.649 0.963
45 224.88 224.75 221.00 19.397 0.119
Growth hormone/(ng/mL) 10 0.66 0.64 0.55 0.088 0.079
25 0.40 0.92 0.63 0.138 0.320
45 0.47 0.51 0.48 0.070 0.529
Insulin/(ulU/mL) 10 8.43 7.06 7.67 0.356 0.996
25 7.98 9.30 7.18 0.504 0.233
45 6.81 7.02 7.54 0.367 0.753
Triiodothyronine(Ts)/(ng/mL) 10 0.59 0.62 0.56 0.035 0.875
25 0.57 0.72 0.60 0.032 0.730
45 0.51 0.55 0.48 0.023 0.262
Tetraiodothyronine(T,)/(ng/mL) 10 58.10 65.64 66.50 4573 0.330
25 46.52 53.51 55.92 2.390 0.832
45 57.80 54.97 45.46 2.679 0.143
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Figure 1. Richness and diversity of microbiota in ileum and cecum in pigs fed different dietary protein level. A:

reads of 16S rRNA; B: OTUs with 97% similarity; C, D, E and F: index of Ace, Chao, Shannon, and Simpson; G:
coverage of OTUs.
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2. 45 REIBAMEHHEMEK
Figure2. Microbiotain ileum and cecum in pigs fed different dietary protein level. A and C: Phyla microbiota; B
and D: Microbiotain genus; NP: 20% CP;, MP: 17% CP; LP: 14% CP.
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Figure 3. Microbial metabolites in ileum and cecum among three groups with different dietary protein level. A
and B: Concentration of short chain fatty acids (SCFAS) in ileum and cecum; C and D: Concentration of biogenic
amines in ileum and cecum; E: Concentration of ammonia nitrogen in ileum and cecum. abc: The different
lowercase | etters above the bars indicate significant difference at the 0.05 level.
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Effect of low-protein diet on hormones associated with growth
and on gut microbiota in weaned piglets

Defu Yu, Xiaofeng Zhu, Jiangyin Feng, Cuicui Kang, Mingyu Zhang, Weiyun Zhu,
Sugin Hang'

National Center for International Research on Animal Gut Nutrition, Laboratory of Gastrointestinal Microbiology in Nanjing
Agricultural University, College of Animal Science and Technology, Nanjing 210095, Jiangsu Province, China

Abstract: [Objective] To explore the effect of reducing dietary protein level on plasma hormones associated with
growth and microbiotain digesta of ileum and cecum in weaned piglets. [M ethods] Fifty-four selected weaned piglets
with similar body weight were assigned to three groups with three diets, each diet contained 20% CP, 17% CP or 14%
CP supplemented with Lys, Met, Thr and Trp, according to NRC (2012) recommendation. At day 10, 25 and 45, blood
samples were collected from jugular vein of six piglets in each group for analysis of blood parameters and hormones
associated with growth. At day 45, we collected the digesta from ileum and cecum for microbiota and its metabolites
analysis. [Results] At day 25 and 45, diets with 17% CP and 14% CP decreased the concentration of blood urea
nitrogen compared to control group (P<0.05). Low protein diets with 14% CP increased the cholesterol concentration
at day 45 and increased the concentration of triglyceride at day 25 (P<0.05). But dietary protein level had no effect on
glucagon, growth hormone, insulin, T3 and T, in different time point (P>0.05). In phylum level, Firmicutes were
dominant bacteria in ileum and cecum, however dietary protein level had no significant effect on the relative
abundance of Firmicutes (P>0.05). Reducing dietary protein level tended to increase the relative abundance of
Lactobacillus and decreased the relative abundance of Clostridium_sensu_stricto_1, but data was not significant
(P>0.05). Reducing dietary protein by 3% or 6% significantly decreased the concentration of ammonia in ileum and
cecum (P<0.05). [Conclusion] Low-protein diet with 17% CP or 14% CP had no effect on the concentration of
hormones associated with growth, whereas, it decreased the blood urea nitrogen and ammoniain digesta and tended to
increase the relative abundance of Lactobacillus. The findings suggest that reducing dietary protein level increase the
utilization of nitrogen and contribute to intestinal health.

Keywords: low-protein diet, weaned piglets, hormones associated with growth, gut microbiota, microbial metabolites
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