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Abstract: [Objective] Effects of a highly reduced crude protein diet supplemented with glutamate (Glu) and arginine (Arg)
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on the intestinal metabolites and microbiota of weaned piglets were examined for aquaculture feed formulation.

[Method] One-hundred-ninety-two healthy (26 £2)-day-old crossbred (Duroc X Landrace X Large White) piglets with an
average body weight of (6.96+0.29) kg were randomly divided into 4 groups. Each group contained 6 replicates of 8 piglets
each. Group I (CK) was fed on the control diet that provided 21.16% crude protein (CP). Group II was on a low-protein diet
containing 15.97% CP supplemented with some limiting amino acids. Added to the Group II diet, 1.50% Glu was included for
feeding Group III and 1.50% Glu plus 1.00% Arg for Group IV. From 11" to 13" day in the 16 d feeding program, metabolites
and microbial community in the piglet intestines were monitored. [ Result] The fecal putrescine and spermidine of the
treatment piglets were similar but significantly lower than those of CK (P<<0.05). The cadaverine in the Groups II and III
piglets showed no significant differences but were significantly lower than that of CK or Group IV (P<<0.05), and that of
Group I significantly lower than that of Group IV (P<<0.05). No significant differences were observed on the fecal acetic acid
and propionic acid among all groups (P> 0.05), but the butyric acid in the piglets of all treatment groups was significantly
higher than those of CK (P<<0.05). The intestinal microbiota richness and diversity of the animals under treatments were
significantly higher than those of CK (P<<0.05). At phylum level, the relative abundance of Firmicutes in the fecal microbiota
of the piglets were significantly higher under the treatments than CK (P<<0.05), but those of Bacteroidetes and Proteobacteria
significantly lower than CK (P<<0.05). Significant differences were also observed among the groups at family and genus levels.
The relative abundances of unspecified families and unspecified genera under clostridiales were significantly higher under the
treatments than CK (P<<0.05), those of prevotellaceae, enterobacteriaceae, and lachnospiraceae were significantly lower under
the treatments than CK (P<C 0.05), those of lachnospiraceae, lactobacillaceae, blautia, and lactobacillus of Group IV
significantly higher than those of CK (P<<0.05), and those of peptostreptococcaceae and terrisporobacter of Group IV were
significantly lower than those of CK (P<<0.05). [ Conclusion] A forage of CP being reduced from 21.16% to 15.97% and
supplemented with Glu and Arg lowered the intestinal biogenic amines, increased the butyric acid, and enhanced the diversity
and richness of microbiota in the weaned piglets.

Key words: low-protein diet; glutamate; arginine; intestinal metabolites; microbiota; weaned piglets
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B, RSEAFEES R EEREY FEEIAE,
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EHAZER (Lys). EZHR (Met) ., H% MR (Thr)
MEZER (Trp), AEWAFRHERERKIERE, HT R
B0 W AT R R S R Y, H R AR A B CP ok R
S5~6 N HT A, BMERFMMSER (Val), F2a
M (lle). 1AM (His), KNAM (Phe) FH
FHIR (AA) LI RATIEXT T 2 T5 F IR ( Essential
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Yok PR . BEREZ BRI Y . AT RS I B BE AL
BEE RS, WEEBORSY RS, H2L
PR 2 S, 5 I T AR O O T T T
AR E SR, USR], AR CP KPR
TR VIR 32 X i T R IR = 8 2 7 e — s g
Rist %" il Heo 45"V AR 78Ik N, (K2 11 B IR M fiE 6%
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WIEYE . AR R TR IT R AT IE A
WEARG 25 (4 B M E VR N R 52 BEAA AT Glu 1] k744 1
5, BB RS A CRBFE ALY
P A S I ARG A B 1 5 7K T 9 1 3 T 5 4 S
ST T 7% 7 5 i T TR L A I 05 A S BF AT AR B
AU A A AR B R K IR 1 K T
WA I B A 5 40 ) P L TR R MRS



1178

(EE= A

9 38 4

VNI Glu F1 Arg X Wi 73 14 1 1 AR08 7= 0 R0 OB 52 i)
A5 A i A s . KDL e ) DG B ) L ] AR BF 5
P53 T AR 1 B A A B — VS 0 Glu BB AR 0 Glu
H1 Arg XoF Wi 0054756 o 38 2B W A 7™ 40 R0 O 1) 5
We Ay WA A I P ARV AR T R A B A A
1 #HH57*
11 REHYNIEE. STHESER

2021 4F 7 H fE R 3G S5 01 e i 3723000 . 158 28
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0.29) kg, MRHEPEMARIE . A AH I 0 500 73 6 4 4
PR, BHT 6ANER (), BHEKF 8 KK
(ANRES 43k ), B 3.d, s ) BT A 5 24
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KRN PR R B, KK 4, 4
I (XPHRAL) s AR (U, Tk CP /K-l 21.16%,
ZHI0 . 2H 1A IV R BRE A A, AR CP K
3R 15.97% ., 15.93% K1 15.95%, 41 11 $%2 B fFi & L
m (Lys) :m (Met) +m (Cys) :m (Thr) :m (Trp) :
m (Val) :m (ILe) =100:60:65:20:68:60 £ 3¢ #H )i/
AR AR, H UIFEZ 11 LA B #b 58 1.50% Glu,
ZH TV 7E2H 11 LAl AP 3E 1.50% Glu 1 1.00% Arg, ik
B R R K T K Glu Al Arg #b 75 5 44 2 IR 25 [ [
R ZE HL 4 NRC (2012) "I5~10 kg B H FH %
HUEATECH, A A RER CP A AA KA SN, H
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1.3 #HERESEFENE
131 #HFsmKE
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Table | Nutritional composition of basal diets (on air-dry basis)
TiH 41 (CK) 1 i HIv
Items Group | Group II Group III' Group IV
J5 6} Ingredient
Ek Corn/% 35.12 48.00  47.00  45.00
¥ Soybean meal/% 15.00 6.30 6.20 6.60
E; ﬁiioybm % 18.00 1100 12.00 12.00
# %k Wheat bran/% 1.70
4} Fish meal/% 7.00 7.00 7.00 7.00
FLiEH Whey powder/% 16.00 16.00  16.00 16.00
HERE Sucrose/% 2.00 2.00 2.00 2.00
¥R Citric acid/% 2.00 2.00 2.00 2.00
i Soybean oil/% 2.50 2.26 2.56 3.15
A4 Limestone/% 0.30 0.32 0.23 0.47
WERZS CaHPO,/% 0.54 0.72 0.82 0.60
£k NaCl/% 0.30 0.30 0.30 0.30
%”“ g . 0.08 0.08 0.08 0.08
Choline chloride (50%) /%
A5 iR R s &
iﬂi?i%ﬁ 0.03 042 041 0.40
DL-E %R
DL_fﬁE‘mne ™ 0.09 0.15 0.15 0.15
L-JF & & L-threonine/% 0.03 0.20 0.20 0.20
L-t5% 8 L-tryptophan/% 0.01 0.07 0.07 0.07
L-4i% % L-Valine/% 0.20 0.20 0.20
L-S 2% BR L-isoleucine/% 0.21 0.20 0.20
L-B %2 L-glutamate/% 1.50 1.50
L-F5 %R L-arginine/% 1.00
DR Premix/% 1.00 100 1.00 1.00
&1t Total/% 100.00 100.00  100.00  100.00
©# %7K T Nutrient levels
HALRE
Digestible energy/ (MJ'kgfl) 14.99 1442 14.39 14.39
i
Net energy/ (Mikg™) 10.55 10.54 1053 10.54
HE AR Crude protein/% 21.16 1597 1593 15.95
HLEWT EE/% 8.03 6.85 7.23 7.74
PR 4 NDF/% 7.50 7.45 6.82 6.67
PRI Bk A4t ADF/% 5.40 5.37 5.12 5.00
YER) Starch/% 24.89 3201 31.20 30.98
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ZEx HEZEFR
e 41 (CKD M 4 IV
Items Group I Group II Group IIT" Group IV 2 273 % ,1:3 éj\ 7]2)1’

Pt B T Ak 2 22 Standardized ileal digestible amino acids

W5 Lys/% 1.09 1.09 1.09 1.09
EEIR Met/% 0.41 0.41 0.41 0.41
A Z R Met+Cys/% 0.65 0.65 0.65 0.65
IR R Thr/% 0.69 0.69 0.69 0.69
TR Trp/% 0.23 0.23 0.23 0.23
4R Val/% 0.80 0.80 0.80 0.80
T 1le/% 0.74 0.74 0.74 0.74
AR Lew/% 1.41 1.14 1.14 1.13
AR Total Glu/% 3.60 2.67 4.15 4.16
BAFER Total Arg/% 136 0.95 0.95 1.96

OfRE AT iR 4842 3KA 12 500.00 IU, 4EEFRD; 2 500.00
U, 4:74:3E 80.00 mg, #E/1%K,3.00mg, 4E4:%B, 2.50 mg, 4E/L%
B, 10.00 mg, #4E/E#EB,3.00 mg, 4% B,, 0.035 mg, M 30.00 mg,
21 15.00 mg, M2 0.45 mg, EWE 0.50 mg, #k 140.00 mg, 4 15.00
mg, £ 140.00 mg, % 30.00 mg, i 0.50 mg, i 0.25 mg: @ HE AR
NSEME, HAlE SRR bR TS

(D Premix provided following nutrients in per kg of diet: VA 12 500.00 IU,
VD5 2 500.00 IU, VE 80.00 mg, VK3 3.00 mg, VB, 2.50 mg; VB, 10.00 mg,
VB¢ 3.00 mg, VB, 0.035 mg, nicotinic acid 30.00 mg, pantothenic acid 15.00
mg, folic acid 0.45 mg; biotin 0.50 mg, Fe 140.00 mg, Cu 15.00 mg, Zn
140.00 mg, Mn 30.00 mg, I 0.50 mg, Se 0.25 mg. @ CP is presented as

measured; others, calculated values.

—80 C vKAEURAE, FH T 5 2 v A Wy e A i 4 g
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Thermo U3000 1= %0 i AH 35X .
133 EHMAE MR

& HE I BF 5. DNA 2 I Omege A 7 1Y Omege
D40-15 i SRR UL AT 5 L, FEZR AL DNA 4lifl
J&i ., FH ND-1000 A% R v B 0 7 430k I 0 vfe B, SR
0.8% Znt I Wi Bt JI FEL VKA DL DNA 52864 . 16S IRNA
V3~V4 XY 15 FERIF SCEE AL 2T Tllumina Miseq
WPy KB A 2 o3 W 45 N S BB RBURAE W5
BRHCA A R SE .
1.4 BRSO

K H Excel 84 %R 40 B4 #E A7 S8 AL B,
SPSS26.0 i i {1 #1475 2243 #7111 Duncan [G ki
iR R EN i, 8RRV HE Hix

2.1 REARERRMNE QB AN KB X B 7 5
EHEYRNZN

28 2 AT, T A S T i R A e 5 1
I, A UAA IV REMTLA(P<0.05),
A, H A IV 2ZE 5 ARE (P>005), 3%
FE RGO R4l 1AL T S 35K T4l TR IV (P<
0.05), HI1WFETHIV(P<0.05), #4IIF I
25 AEE (P>0.05). Ut REACERE A K
S FNAE M EE Al F S I Ay S R 24 e 0 2 I A O A
FERETE R . 7 R ROIRG Bl B it TTAEAR B 1 BTKCE
FEAly b B A A 2 TR ARG 22 2 B 1. 3 A IS e A
KGR T R

*2 REARARTNSSEASEBR M NFREEEEY
i 0EA
Table 2 Effects of low-protein diet supplemented with Glu +

Arg on fecal biogenic amines of weaned piglets

CEfr: pgg™
TiH 41 41 I v
Items Group [ Group II Group IIT Group IV
)?%EA(' 36.10+1.45a 23.31£099b 25.63+0.61b 27.76+1.67b
Putrescine
&
. 8.66+0.48b 5.65+0.56c 5441+0.22c¢ 13.14%+0.65a
Cadaverine
ST
ﬂuﬁ.}ﬁ 57.86+221a 2544+137b 31.46+139b 27.16+1.31b
Spermidine

FAT 8 G AN NG P REROR A R A B ) 22 e 2% (P <0.05), 33,
4[d.

Data with different lowercase letters on same row indicate significant
difference at P<<0.05; those with same or no letter, no significant difference
at P>0.05. Same for below.

22 REBRERRNA SER R SERXT W 1 54
FEHIRHE R BRI R M

H 28 3 AR, W47 48 280 S IR PN R 7 4
HEZFARE (P>005), FAETREEHE L
UM IV EFESTAHAI(P<005), 4011, 4
LA IV [ 22 AN B3 (P>0.05), Ui BH B AL 1A
R 11 7K B 0 4 B2 R B I B WS Jn 4 2 TR FR
R RE W E W I W AR 2SR TR
2.3 REARARANA SRS RER X W5
RAE B B 2 A A R2 0

i T8 1T £ B B R e 5l e 1 A B i R
T2, U I B S R, T 2 4L
Pt R R/ By R, WE iR, K
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Table 3 Effects of low-protein diet supplemented with Glu +
Arg on fecal short-chain fatty acids of weaned piglets

(Bh7: mgg )
i H #1 A1 I EENY
Items Group [ Group II Group IIT Group IV
L
L 1.27£0.09 1.431+0.03 1.280+£0.02 1.3940.03
Acetic acid
V\i@& ., 0.78+0.01 0.81£0.03 0.88+0.02  0.77£0.01
Propionic acid
T
Lo 0494+0.03b 0.56+0.04a 0.61+£0.03a 0.64+0.02a
Butyric acid

&AM EthZE TR, WFHE (Coverage )
4 99.98%~99.99%, ULWIMFIREC LMW T ITA
P, 0T 25 S i S Wi 56 A A b iR A A Y LS
M. FESY 4 (Rank abundance ) fE 2 WAL i
PR E BRI A R, WK L PR, i
W, USRS A A 5

K Alpha Z#:1E (Alpha diversity ) 23445 3£ Q01

800 + a
o3
< +
€ 600 | 1 et
= P —— |
m 3 4= EEemy ST
3 400 | A
2 i
S /il
g !
% 200 ~ %11 Group I
o - 4111 Group 11
~ #H 11T Group 111
0 F ZH 1V Group IV
0 20 000 40 000 60 000
Jr 5% H

Sequences number

F 4R, ACE f850R1 Chaol 48 $ # /8 BE A 1 £
& /&%, Shannon 8 %4 Fll Simpson 48§ #0378 FEAC 2 K
P£. ACE 488U FI Chaol #5441 11 M2 1134 & T 40
I, HESWARE (P>005), 4IVEBERTHI
(P<<0.05), 41, A1 FIL IV HERARE (P>
0.05). Shannon #5444l 11 FIZH 1T ¥ T4 1, H2ER
BARBE (P>0.05), 41V BEHTYI (P<0.05),
11, A1 ATV MZERARZE (P>0.05). Simpson
RAND ., AIMMAIVEREMRTHI(P <
0.05) o e I IR A 11 ot 220 25k - f 1) K AT 01 1 48 v
WoAF 3% B 16 R BE 2 o B M 2 REE (R R B SRR
- R KR RS 0 Glu AT Arglis, ORI &
24 REARARFNES RERE BT WA
B CEEaRE el oA |

W 2-A s, ENEKF B, A15410 .
HULFA IV ERBAR FARKESR, 41, 4
L FIZH TV 8] T A 2H BOF 7 Le 8 e il . 41 1 W 35
7 58 25 FE b O 35 18 BF AR IR 70.62% JEE BE TR T)
( Firmicutes ) . 20.83% 1 #F 7 ] ( Bacteroidetes ) .
5.83% 2% J& B# '] ( Proteobacteria ), #H II . #H III #ll

2H 1 Group 1
— ZH 11 Group Il
— 41111 Group 11T
— 411V Group IV

10+ L |b

102 |

RS ESYE
Relative abundance

0 200 400 600 800 1 000
IR
Species rank

av b 3B R R 28 f OTU = 5 55 ¢ fih 26

a and b indicate dilution curve and OTU rank-abundance curve, respectively.

1
Fig. 1

ERRBRM A FEEF R

Dilution and OTU rank-abundance curves of fecal samples

x4 REARERFNES SRR EGEERSHMENME

Table 4 Effects of low-protein diet supplemented with Glu + Arg on intestinal microflora diversity of weaned piglets

e A1 A1 ZHIIT Hiv
Items Group I Group IT Group III Group IV
YR %L H observed species 568.00+36.27 b 632.33+48.56 a 648.00+62.78 a 680.00+21.23 a
WP B Coverage/% 99.99 99.99 99.99 99.98
Shannonff#{ Shannon index 4.68+0.18b 4.9240.04 ab 4.81+0.11 ab 5.05£0.13a
Simpson#E %1 Simpson index 0.93+£0.01a 0.8610.02 b 0.85+0.02b 0.86+£0.05b
Chaol#5%{ Chaol index 574.81+74.76 b 631.53+13.40 ab 629.60£17.09 ab 658.02+£46.58 a

ACE+5%( ACE index

590.86+33.17b

641.19+17.34 ab

646.501+19.77 ab

673.04+47.19 a
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41TV 2Bl JERE R TR B T 1A, o R R T
(T4 1M, 4 1. 41 VKK R 92.59%. 88.41%.
89.87%, MIAFH T4l 1 . 4 ., 4 IVIKIK N
4.86%. 7.90%. 5.33%, ZAFJE R[4 11 . 40 11, 44
IVIKIK N 0.45%. 1.37%. 2.04%, 4 Brés &,
H . ZH LA IV B EER ] (Firmicutes ) AHXf
JERE S THLT (P<<0.05), HAFETT (Bacteroidetes )
FAZJE B 1] (Proteobacteria ) #H X =F F ¥ & ik T 41
1 (P<<0.05). nJ WARAR H 57 22 ik 1R 1 7 1) 4 45
Glu 5% Glu+Arg %f ZEH W HETE 11 KF 1A B 8 52
Me, 4 e R RE TR T IAE XS E R, B AR BT AR TR
EIRE RO

mE 2-B R, TERKSE b, AR R A Y
£ W H T AR (unidentified-Clostridiales )
A T, 410, 20 T I TV ARUCH 21.75% . 45.17% .
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A, B, C represented the distruction of fecal dominant microbiota at
phylum level, family level, and genus level, respectively.
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Fig. 2 Distribution of dominant fecal microbes
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