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Abstract: [Objective] Effects of a forage with reduced protein and a supplement of essential amino acids, glutamate, and
arginine on the growth, diarrhea rate, and serum indicators of weaned piglets were studied. [Method] One-hundred-ninety-

two healthy (26 +2)-day-old crossbred piglets (Duroc X Landrace X Large White) were randomly divided into a control and 3
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treatment groups. Each group comprised 6 replicates of 8 piglets. They were fed for 16 days with the following forages
containing 21.16% crude protein (CP) as control (Group 1), low-protein of 15.97% CP supplemented with the essential amino
acids including L-Lys, DL-Met, L-Thr, L-Thr, L-Val, and L-Ile (Group 2), 15.93% CP with the same added essential amino
acid plus 1.5% glutamate (Group 3), and 15.95% CP with the added essential amino acids plus 1.5% glutamate and 1.0%
arginine (Group 4). At end of the feeding, body weight, forage consumption, number of days with diarrhea, and blood samples
of the piglets were collected for daily gain, feed to weight ratio, diarrhea rate, and plasma biochemicals and hormones
determinations. [Result] The average daily weight gain (ADG) of the piglets in Group 2 was significantly lower than those
in other groups (P<<0.05). There were no significant ADG differences among those 3 groups, nor the average daily feed intake
(ADFTI) among all groups (P>0.05). The feed/gain (F/G) of Group 2 was significant higher than other groups (P<<0.05). The
diarrhea rate of Group 2 piglets was significantly lower than that of Group 1; Group 3 and Group 4 extremely significantly
lower than that of Group 1; and Group 3 and Group 4 significantly lower than that of Group 2 (P<<0.05). The activities of
serum LDH, ALP, GPT, and GOT among the 4 groups did not differ significantly (P>0.05). The DAO of Group 2 animals was
significantly higher than that of Group 1; Group 3 and Group 4 significantly lower than Group 2; while Group 3 and Group 4
not significant differed from Group 1 (P> 0.05). The PUN of Group 2 was significantly lower than the other 3 groups
(P<<0.05). The CCK of Group 3 and Group 4 were significantly higher than those of Group 1 and Group 2 (P<<0.05). No
significant differences on IGF-1 were found among piglets of Group 1, Group 2, and Group 3, but that of Group 4 higher than
those of Group 1 and Group 2 (P<<0.05). [Conclusion] The reduction of CP to 15.97% in forage could adversely affect the
growth as well as the intestinal barrier permeability to varying degrees of the weaned piglets. However, it also reduced the
diarrhea rate and plasma PUN of the weaned piglets. Since the addition of glutamate in diet restored the growth and improved
the levels of gastrointestinal hormones of piglets, feeding piglets an essential amino acid-balanced, low-protein diet with the
supplementation of glutamate could be a plausible strategy to mitigate the occurrences of diarrhea and interference on the
intestinal mucosal barrier permeability in the animals after weaning.

Key words: Glutamate; arginine; growth performance; serum indicators; low-protein diet; weaned piglets
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Table 1 Nutritional composition of basal diets (air-dry basis)

(BAL: %)

TiH [4(CK) 4 JIIEE] V4l
Items Group [ Group II Group III Group IV

JR ) Ingredient

£ K Corn 35.12  48.00  47.00  45.00
ZH1 Soybean meal 15.00 6.30 6.20 6.60
1k K 5 Extruded soybean 18.00 11.00  12.00  12.00
%k Wheat bran 1.70

6.4 Fish meal 7.00 7.00 7.00 7.00
FLiE K Whey powder 16.00 16.00  16.00  16.00
JERE Sucrose 2.00 2.00 2.00 2.00
¥ Citric acid 2.00 2.00 2.00 2.00
7 7# Soybean oil 2.50 2.26 2.56 3.15
¥ Lime stone 0.30 0.32 0.23 0.47
RS CaHPO, 0.54 0.72 0.82 0.60
£k NaCl 0.30 0.30 0.30 0.30
S ALJBEH Choline chloride (50%) 0.08 0.08 0.08 0.08
L5 R #h B2 26 L-lysine-HCl 0.03 0.47 0.46 0.46
DL-#H %% DL-methionine 0.09 0.24 0.24 0.24
L-75% & L-threonine 0.03 0.23 0.23 0.23
L-f% R L-tryptophan 0.01 0.08 0.08 0.08
L-4& 2 L-valine 0.16 0.16 0.15
L-5# 524 B L-isoleucine 0.14 0.14 0.14
L-B %R L-glutamate 1.50 1.50
L-¥5 %K L-arginine 1.00
CHiRE Premix 100 100 100  1.00
41t Total 100.00  100.00  100.00  100.00

@25 %K Nutrient levels

IHALAE Digestible energy/ MI'kg ) 1499 1442 1439 1439
15E Net energy/ (MJkg 10.55 1054 1053 10.54
HE AR Crude protein 21.16 1597 1593  15.95
TRt 100 Jl T A SR

Standardized ileal digestible amino acids

AR Lys 1.30 1.30 1.30 1.30
EER Met 0.46 0.54 0.54 0.54
HER AR Met+Cys 0.78 0.78 0.78 0.78
TR Thr 0.85 0.85 0.85 0.85
R Trp 0.26 0.26 0.26 0.26
A Val 0.97 0.88 0.88 0.88
TR IR Tle 0.88 0.78 0.78 0.78
AR Leu 1.66 1.32 1.32 1.32
BE M Glu 3.60 2.67 4.15 4.16
R Arg 1.36 0.95 0.95 1.95

OF T MMM 484 KA 12500 1U, 442 KD, 2500 1U, 44 KE
80.00 mg, #E/E#K;3.00 mg, 4E/EFHB, 2.50 mg, 443 B, 10.00 mg,
#i/E B 3.00 mg, 4E/EZEB), 0.035 mg, ML 30.00 mg, Z8 15.00
mg, MR 0.45mg, AWK 0.50 mg, # 140 mg, 415 mg, £140 mg,
530 mg, #0.50 mg, fi#0.25 mg: @HLEAFNTIE, HAbEFRIER
NHEAE.

@ Premix provided following nutrients per kg of forage: VA 12 500 IU, VD,
2 500 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 a measured value; others,

calculated.

ABRTAEAT ).
1.5 HiEGI oM

% Excel HF 3 il 46 B s A7 gt ab 3,
SPSS26.0 S F 47 )5 2243 H1, 1] Duncan [R5 3
T2 EET R EEE, %R RNV YE £
MEZERIR

2 ZRGH

2.1 XERIFREE KM A E RN

MFE2TH, W A ET 4L 4T
6.79%, Z R W FE (P<0.05), 4V H 5
I ATt 0.75% 1 0.19%, ZRARE (P>0.05),
M2 ANV 28 5350 Fe 120 75 8.10% F1 7.49%, 25 5 5k
F (P<005), T4 . MAMVUHNERRNRE
(P>0.05). Wikt b 4Lt T 475 6.47%,
FEREE (P<005), MAMNVAL T 4T K
0.72%, ZSRARZE (P>005), MHMN A5 H
T 41 F % 6.76% F1 6.76%, 2% W3 (P<0.05), 1
M. MAMNVAMEFAEE (P>0.05), BWER
4T 4R 3551%, 25 8% (P<005),
MZAFIV AL T 455 50T [ 58.95% F1 56.03%, 255
el (P<0.01), MALFMIVA LT 4T R 36.34%
131.83%, ZHBFE (P<0.05), MMV LHE L
SARE (P>0.05).
2.2 XTBTYNFIE IR & L IEFRE R

M 30, W W5 A7 % I 2% LDH. ALP,
GPT A1 GOT itk T 41, M. MAFMIV 4 a2 %A
B (P>005); Il DAOWETEN 41 1 47} &
21.00%, 5 E#F (P<0.05), MAMNVALLTH
I3 R 18.17% F1121.72%, #H25EE (P<0.05),
MAFNVAS [ A ZERARE (P>0.05), PUN
WRE A T 4 F % 46.26%, 25 %% (P<0.05),
ML AV 4 He 1T 4 TH 5 69.57%F1 79.13%, 22 531 i
F (P<0.05), 14, MAAMIVHMEREEARRE
(P>0.05),
2.3 STHTWIAF S L 2R M R IE AR A 2N

M 4 ATAL, Wi AF R I TGF-1 i ik B 1T 41
I 24T I%9.42%, 2503 (P<0.05), M4, V4
Fe I 20 43 900 TF 55 9.75% F 14.64%, 25 % (P<
0.05), T4, MAMIVAMZERARE (P>0.05),
I3 CCK e BE M0 ANV 241 e T 20 23 530 7 5 32.17%
130.76%, S EE (P<0.05), M4V L
1T 20 53 59 7F 55 30.18% F1 28.79%, # R EE (P<
005), TAHAS5TAZMN, MASNVAHMEZERHAL
# (P>0.05).
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Table 2 Effect of low-protein diet supplemented with glutamate and arginine on growth and diarrhea rate of weaned piglets

e T4 M4 4 VA

Items Group [ Group I Group 11 Group IV
W ha Ak E IBW/kg 6.95+0.23 6.85+0.26 6.98+0.32 7.07+0.35
45k E FBW/kg 12.2540.57 11.7940.65 12.3240.76 12.3840.72

P AR E ADG/ (god D 331.25+38.62a

T4 H R 8 ADFI/ (gd ™) 460.48+37.55
K L F/G 1.39+0.25b
85 % Diarrhea rate/% 5214235 Aa

308.75+42.13 b

333.75+48.26a 331.88+47.47a

457.621£36.48 460.631+42.39 459.28+51.13
1.48+0.19a 1.38+0.21b 1.38+0.22b
3.65+1.04 ABb 1.961+1.62 Be 2.17+0.98 Be

FATHHRE G ARNS PR R ZERBE (P <0.05), ANAKGFEERRZERNEZE (P <001, MRTFHRLFEERERALEE (P>0.05), F

K.

Data with different lowercase letters on same row indicate significant difference at P<<0.05; those with different capital letters, extremely significant difference at

P<0.01; those with same or no letter, no significant difference at P>0.05. Same for tables below.

3 REBRARRMNE [ELFE SEL X BT 1) F 58 M 2% & (L Is AR #20

Table 3 Effect of low-protein diet supplemented with glutamate and arginine on serum indicators of weaned piglets

T H Items I % Group 1 1141 Group 1I M4 Group 111 IV4H Group IV
FLER I U8 LDH/(U-L ™) 2058.124250.54 2029.82+154.37 1960.14+238.70 2060.04+236.78
TR RN ALP/(U-L™) 17.06+3.28 21.2842.50 21.49+1.86 18.85+3.64
AVEM GPT/(U-L™) 16.51+1.74 19.03+1.02 16.76+1.25 15.77+0.93
AN GOT/(UL™) 8.36+0.48 9.76£0.48 9.58£0.73 10.43+1.13
— LR DAO/U-LT 17.24+2.25b 20.86+1.34a 17.07+1.14b 1633+1.23b
FRE R PUN/(mmol-L ") 2.14+0.40 a 1.15+0.29 b 1.95+0.40 a 2.06+0.29 a

F 4 REEFARRME RERFRE REL X B )7 58 M 3R A F e tr e #20

Table 4 Effect of low-protein diet supplemented with glutamate and arginine on serum hormone indicators of weaned piglets

i H Items I 2 Group I

1141 Group 11 [I#H Group 111 IV Group IV

Ji 5 FREE K -1 IGF-1/(ng'mL ™) 93.12+5.57a

JEFEY S % CCK/(ng' L) 179.55+12.23 b

84.35+£39b 92.57+3.87a 96.70+6.86 a

182301491 b 237.32%15.11a 234.78%15.78 a

3 itk

3.1 RE B RIARRINA SEL A AE SBL X B 447 5
K MREF RIS R AT

AR 25 R, KR CPAKE T 41
21.16% [ 2= 11 40 19 15.97%, BVl #b 78 38 & A9 Lys.
Met, Thr, Trp. Val Al lle, &3 A% T Wr 311 4%
VI HE, XGRS meg e
ZE AL, BERR N iR KW, 7% (10~20kg)
Tk CP 7K M 20.1% FEAKE] 13.2% B, #MFE T Lys.
Met, Thr, Trp. Val. Ile. KN (Phe) FIL &
M (His), 3% EMMRFH YRR, 28" F
75 (13~35kg) Tk i asin 9 Foh 75 2 MR, K10
HRI) CP 7K DA 20% FFEAE] 13.9% B, 8 R T
PR, AR Rt Bn, MAmIV4fE

T 20 K RE oAb 78 1.5%Glu 5% 1.5%Glu+1%Arg J5, W
W A7 4 1 38 T K745 3 B R R, XIS A
i 3 b 78 Glu BETY bRt AR R CP XF B 474 A K Y
T, AT RE Y SRR KR AR R CP KP4 3 B0
SrAE a7 A LR (Non-essential AA, NEAA ) B ik
Z, \mslEKENTE SR (Essential AA, EAA)
TEJFFBE A b NEAA, 18 BUR P9 5 2 EAA R
) R B (A 2, O e o 2 T 1 P A 2 R R
HARTHEY, FFmAFHE R A K ERE . 5 A
fR3E, KR IR R Glu A H i 90% 2378 1 # ik 1] 37
A R REY Y, P, MBI (T
ANV ) B Glu J5, AT/ T ik a3 20 8060
Hoh EAA MTHAE, (A5 AT ) 2 S5 R 250 o
A5 H Glu 2 LT BT A S A AR, Y
HoAth 2 £ R (fL45 EAA Al NEAA ) A EH), Glud
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B AEEAR CP KM P4 72 Glu, 2 T 2 3L/ 1Y)
Pl M R R B AROR R T AT 1 A
Ko BNA O Glu X BT 474 A8 4 Pk RE 52 e g 1
gE IR —5, wwE " R e, 1E
WA RN 1% 1 2% 25 E R X W A 58 T A B
S, AP g RE g B, 7E AR b R
1%Glu fig i & $2 S AP Wi 35 55 1 J 19 ADG, Lig
MBI FT 45 A 22 5 7] 68 S B0 A A AL Al . FE R AR
HGlu & & AP H . IR K E N Glu Fs i 45
WEA K, RRKELERFEREEHE, VAERT
Glu YRl RIS Arg, RIS MBE, T
SR Glu o] ZEAR NG AL R — 2 1 Arg, T REAZ T
AR Arg R

3 FR A 2L 7 AT A W 3 R A D P )
FILK, PR R L& 2, - ZF
ROIR R, SEAFHBWT TR R L IETE . BE R R
A&V e A ROF IR S RE R i A &, Al AT 4
Wi % J VS ) UL ol Sl . ARG S5 R R, FRAL
K CP 7K Tk i 2 FE IR A R IS %, X 532/
AP e s PRI A B RN T 4
TR CP /KP4, 58 20 A TH AR ML 1) 25 14 o 7 i 1
DALk A TR R R RS, R DR T R A, O AR R
WITEEY R, HBAETS, R T WA & 33%
Kedlih, SHEAREZHKEEREN (Glycinin)
B K EBRE 1 (B-conglycinin ), =iF KB
N FEHURE, x5/ R R U, i A
RN EZ 0, RN I RS . A K AZ R
FRETE", AR AR CP /K SF R I 45 K R 38 PR A K 2
PR &R, WRpER G, (FEEER0E R
ET M. ARG F o, 7EREARE R CP 3Lat LR
I Glu X Wi A3 B IR E SO o B, W7
A5 gl T B I S PRI S B0 AR N S | R A AT
WIAE R, BEZRNEB SRS E, *
P 8 A R 1 S A L A BRE A P S K R ) T Ak
WeoRE E P I, WA Glu, BB R
W, B E RIS
3.2 REB AR A SRR SER X i 7
1 3% 4 R FRAI S0

LI A AR 46 A A8 728 Ak B 5 52 e 241 250 490 Jif 30 o
FHLAH BRI HLAE , 35 25 32 1R R 8 FR IR I 1 52
mY R R R E A R AR LY, T
J2 W 2 A N R 1A O A S R O AR, AR
CP 7KV I B8 22 LR - Pk R G ), 1l 3% PUN Ve B
MK, 2 WFSEIE I PUN 1E b 3h# 4 i 28 1 AL

R R T AR 0 R e AR AR IR
SiRFE, T4 T HFEmEmR CP K 5.19 4N H 4
A, W AT R I 3K PUN ¥R B & F RR AR, X 5 iR
A A N AP B g 4 R 2, T I 4L
IV AL 7E T 21 41% CP FRAR JE A LW Glu F1 Arg, 152
ETHE T MK PUNYREE, X HEYS Glu 5 Arg F¢ik
M AE AR OC, R Glu A Arg 78 2h 4 14 P 3
i S RSB A I, MR A I R R A R
MY, AR Glu Al Arg R 1A 422 5% 4 5 5 )R Z A6 36
AT, BRI, GBI Glu BT Arg T RERG R IR %
RO AEY G B, AW A7 3 i 2K BUN WK JE W 3
T

LDH 2 Wi fif iz e b i —Fp E2EE, S 5P R
FAAMS CARSE, YUk RES =, &530un
J o LDH {2 . GPT. GOT J2 & LR AN h &
BRI RN, FEAAE TN, YA A Z
B8 o B o, s I GPT M GOT #k
o ARG 25 AL R W BEAR IR CP /K 7 I 1 filf 2 5
g, sAEAR CP AR TP IR Glu A Arg, A& XHTHE
JHF JUE 200 B 3 B4 45 . T BB 98 T R AT 8 X B R Y
Tk

1 & Bz 24 e 388 o 40 L 2 S A LR I
DAO T 1 2 Wi I iz 18 ¢ i Dy e 32 400 A iz L iz 4 i 3
EERCE M E LR, YA ZBE, DAOE
it 8 S A IO Y0 FR 5 B DAO i 4k T
AR LA, KA CP KM 21.16% fF =
15.97%, W ETHEATHE MK DAO TG, VLTI %
WE AR, Bl b T RE Az 2R AG . XDIE
AP R d R, KR (15.57 kg) fAK CP K
TN 17% B 13%, #MFRNT A SRR, M B
B LN A R B T, R LR B R
hfiesz i, VLB R CP /K25 A1 54 i 2 i
BBz . AR EE RIR W, N Glu A Arg J5
1M DAO 1 M i REAR, B Glu F1 Arg XF #5145
W miE A B E e, ZFEa" It h R,
M A N A B2 R B . 3 N K BT G A0 1 T e 2
(LPS) & 2 f1 DAO i ¥4 . PR I 156 BH 2 22 6 {1 1
CPIK ¥, 25 fig il 5 FE D) 68, 10 % I Glu #
Arg JE AT i s M A5 LA 8 A, i 28 A A
HUMBE .,
3.3 RE B RAMRAR A SR AN SR X i 75
3% M R IEARRI 20

IGF-1 ZahW K EB M EZERER T, MFE
FEY A R KR AE AR, ok B S AR
KR B2 52 B )3 3Kk 7 (32 28 2 iR 2 1 o A e



F AR F:

Y

5511 3

1K F & i &I BT i P AR Ao 5 R BR e A RUBR X BT W5 AT M A K TE A A e iR
FER o R 1413

) R AR AR (RER) B RS
Bl 55 IGF-1 40, IGF-1 i K F 8™, A s™
R, K ia ke CP KT M 18.2% FE & 13.6%, i
EREACIE 56 53 KA KM 1% 1GF-1 ¥k B Fn ik
IGF-1 2 H £k, A4 R B, Wk CPKFE
2 15.97%, @ 3 B AK T 05 47 4% 1 % IGF-1 Mk B,
Ui Z R LA CP /K& B LE EAA 5 NEAA
Bz, ML IGF-1 50, ARIRHRAH, AL
AR AN FE Glu AT Arg J5, 25 T W05 41 4% 1 ¢
IGF-1 ¥k i, i — 2 UF B AR VS 0 Glu 7T 0 2> EAA
FER B W E AT, SR EAA ST 1 A 2L
S R Glo AT LU o A A RN 7S At a3
WA R, AT, R CP AR I Glu g 6% TR R AH
% EAA B{ NEAA 6=, HMALIAS W IGF-1.

CCK ¥ 2 20 th M 38 20 Wb 1) — b fioi 1 K 38
2, A TR A A RS, B KRR
& FOAR PE RG22 W T BE . CCK AR Sy P 5 A B 4 Ja
KT, feiflzsiise, BRI Res. gvh
14 28 1A LR 7K P B 90 T R % 30 3 R B A 4
FoRMME I R, v s et At w
F 58 I T R 2R 1 5T 7K P AN 5 ) T 4% A Il
CCK ¥, A4 Bt /R, M CP KPR
15.97%, ANFZURKTUFH 3% CCK W, i B R I%
T AR 1 KB AR IR EAA SRS, JFF Al 8
FLEAA, AW AT RS LK CCK MR B 7™ A= 52 i
Wi 7 Ll A 78 Glu, fE W 25 52 25 0 0 A7 4 12
CCK ¥ B, 0 IR 5% i 4 A g o3 006, 48 o= ) L U
e, AR FAEARK, X584 AV 24 5
KA I Glu S5 W7 0% A1 38 B /K - S35 12 w5 110 &5 SR A
fFhe

g Lk, KRR CP KRR E 15.97%, Wilh
PG KRR Z BN RS2, il B F i 175 P A2 3
ANTR)RE BE 52 ), {FLRE 5 AIC 8T 7% 47 4% R TS 2% i im S
PUN W B, IINA ARG, BERSIR A Wi 15 4 K
PEfE, BEARWT A7 36 TS 2, 2038 I 18 B B Ol
PE, iEm BB E K.
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