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Abstract: In this experiment, the piglets weaned at 7 days of age were used, and the aim was to
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determine the effect which hydrolyzed wheat gluten (HWG) replacing different doses of whey protein
concentrate (WPC) in artificial milks on growth performance, nutrient metabolism, immune function
and antioxidant capacity of piglets. Forty-five healthy crossbred (Duroc X Landrace X Yorkshire)
piglets at 7 days of age were randomly allotted into four treatments, including control group (n=15),
33%HWG group (n=10), 66 %9 HWG group (n=10), and 100%HWG group (n=10), which were
fed the artificial milks that HWG replaced 0%, 33%, 66% and 100% WPC for 13 days,
respectively. The results showed that HWG replacing WPC in artificial milks could affect growth
performance, nitrogen metabolism, lipid metabolism, kidney function, immune function and
antioxidant capacity in piglets. Compared with the piglets of control group, HWG replacing 66 % and
100% WPC significantly reduced average daily feed intake and average daily gain (P<C0.05) ,
significantly enhanced feed to gain ratio and diarrhea index (P<Z0.05) , significantly decreased serum
creatinine (P<C0.05) , and significantly increased serum malondialdehyde concentrations (P<Z0.05) in
piglets. In addition, serum immunoglobulin A and M levels were significantly reduced (P<Z0.05)
when 66 % of WPC was replaced by HWG, and serum high density lipoprotein cholesterol levels were
significantly increased (P<C0.05) when 100% of WPC was replaced by HWG. Compared with the
piglets of control group, serum urea and high density lipoprotein cholesterol levels were significantly
higher in the piglets fed the artificial milk that HWG replaced 33% WPC (P<C0.05). In summary,
HWG replacing different doses of WPC in artificial milks might be not conducive to growth
performance, nutrient metabolism, immune function and antioxidant capacity in the early-weaned
piglets, but when HWG replacing 33% WPC in artificial milks had not significantly negative effect on
piglets.

Keywords: hydrolyzed wheat gluten; piglets; growth performance; metabolism; immune function;
antioxidant capacity
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Table 1 Ingredients and nutrient contents of artificial milks in this trial %

HWG #1t WPC i

212 The ratio of HWG replacing WPC
0 33% 66 % 100%

2 i, Ingredients
FLBE Lactose 11.32 12.98 14. 84 16. 49
A E Wik (24 % HLEE 1 B0 Whole milk powder(24% CP) 40.00 40. 00 40. 00 40.00
P e 45 1 (70 % MLEE ) Whey protein concentrate(70% CP) 17.00 11.34 5.67 —
JINFZ K AR (78, 59 % LA B ) Hydrolyzed wheat gluten(78.59% CP) — 4.11 8.20 12. 30
fi% 2 11 Casein 4.00 4.00 4.00 4.00
HBF-3h 45 (50 % MLAB WY ) Coconut oil powder(50% EE) 20. 00 19. 00 17.80 16. 80
W& B Glucose 5.00 5.00 5.00 5.00
L-#fi 28 iR $h R £ L-Lysine-HCI(78.5%) — 0.50 1.00 1.51
DL-# 4 % DL-Methionine(98.5%) — 0.07 0.15 0.23
L-77 4 L-Threonine(98%) — 0.19 0.39 0.58
L-{ 5 L-Tryptophan(98%) — 0.05 0.11 0.17
W 455 CaHPO, 1.76 1.84 1.92 2.00
iR 45 Calcium formate 0. 36 0. 36 0. 36 0. 36
S AL ME#E Choline chloride(50% ) 0.16 0.16 0.16 0.16
% i Protease 0.05 0.05 0.05 0.05
B E B Z Ik Lactoferrin peptide 0.10 0.10 0.10 0.10
IR B Premix” 0.25 0.25 0.25 0.25
&1t Total 100. 00 100. 00 100. 00 100. 00

357K F P Nutrient contents
THALfE/(MJ-kg ') Digestible energy 18. 42 18. 42 18.42 18.42
HL#E (1 Crude protein 25.00 25.02 25.06 25.10
45 Calcium 0.98 0.99 1.00 1.02
S W% Total phosphorus 0.71 0.70 0.69 0.69
i IR Lysine 2.49 2.49 2.49 2.49
44 1R Methionine 0.65 0.65 0.66 0.67
JRA R Threonine 1.47 1.47 1.47 1.47

VOHUR R BT v AR R - 4 100 mg, i 4 mg, 4% 100 mg, #1 6 mg, i 0. 3 mg, ML 0. 14 mg, VA 562.5 pg, VD, 106. 25 pg,
VE 1.062 5 pg,VK;0.125 pg,VB; 0.1 pg, VB, 0. 25 ng, VB, 0. 1 ug, VBy, 1. 25 pg, B2 0. 062 5 pg, D-AEHZ 0. 006 25 pg, MK
TERE 1. 25 ug, IZ MR 0. 625 pge *. WM HLZE P15 FILE BE 1 8 FR K7 S ST, OB H 3R KF R

. Premix provided the following per kg of diet: Zn 100 mg, Mn 4 mg, Fe 100 mg, Cu 6 mg, Se 0. 3 mg, 10. 14 mg, VA 562.5 pg,
VD, 106. 25 pg, VE 1.062 5 pg, VK; 0. 125 pg, VB, 0.1 pg, VB, 0.25 pg, VB; 0.1 pg, VB, 1. 25 pg, folic acid 0. 062 5 pg,

2)

D-biotin 0.006 25 pg, nicotinamide 1. 25 pg, pantothenic acid 0. 625 pg. “. The contents of crude protein, calcium and total

phosphorus in diets were the measured values, and the contents of other nutrients in diets were the calculated values

HEAT 0 A B B Bifi J5 2R A SPSS 28. 0 ¥ 17 one-way
ANOVA 53 #r , 2 5 1 3 B} £ 47 Duncan’ s £ & b

WPC, 2485 X 1) 55 vy I 23 2 28 52 e 7 e W 0% 47
W AERPERE M VS I8 K. SXFIRAL AL,

B AH B R DL EE bR iR KR Ho P<
0.05WZEREH P=0.05 KR LBELER,

2 7F B
2.1 HWGEHKAIZ & WPC XT3 EKEaEN
Rk 8:05-A1|

M2 A, N TR, HWG &R

HWG 1% WPC H 735 21 66 % B, A7 5 ADG & 3%
AL (P<<0.05) , F/G FIE 15 45 % 3 7 = (P<<
0.05) 5 4 & Xtk 471 3k 2] 100% B, /1 4% ADG il
ADFIL i B (P<<0.05) ,F/G FIHE 5 5 5 i & 7t
i (P<<0. 05) 5 11 4 & AR e 2 3306 B, A48 AR K 1k
HEFN I T 5 8000 0. 3% 24k (P>>0. 05) .
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*2 HWGERATIIH WPCHX{FEEKERMET BN
Table 2 Effects of HWG replacing WPC in artificial milk on growth performance of piglets

HWG &L WPC L

A R The ratio of HWG replacing WPC
Ttem CON

33% 66% 100%
W HA 1A B /kg Initial body weight 2.39+0.08 2.3040.11 2.4340.08 2.4840.09
KRN TE /kg Final body weight 7.01+0.31° 6.5340. 27" 5.96+0. 24 4.67+0.17°
P HREHR/g ADFI 386.67+20. 65" 353.30+11. 53 339.164-11. 94° 236.10413. 34"
T HEE /g ADG 359.79+16. 97 325.98+13. 39" 279.69+14.91° 168.15+9. 16°
KELW F/G 1.0740.03¢ 1.094-0. 04" 1.2340.05" 1.4240.08"
JE 1545 %0 Diarrhea index 0.4240.09° 0.62740. 18" 0.94+0. 14" 1.1340.08"

e R AT B 1) 8 A D A [ BRI 308 Bt 8] 22 5% 3% (P<20. 05) . T[]

In the same row of table, values with different letter superscripts were considered as significant difference (P<C0.05). The same

as below

2.2 HWGERAIZH WPCIH{F3# M4 LIE
R B %

MR 3ATHLZENTEL A, HWG B AU
L () WPC 25 i 35 52 W 7 H S W 03 4748 1l 3
g A M EUR R B A AR SC 8 bR . 5 X R ZE

%3 HWGERAIZH WPCX{FEMLEELIBRNZIE

M, 24 HWG B WPC H i35 5] 66 % F1100% ,
FERE LT H CREA ZKF i R AR (P<<0. 05) ,HDL-C
FIIR 2 K- H BUAS [ B2 B2 1 T 5 1 24 84X e 45y
339 i, BEMS i 4754 M7 CREA /K V-7F — & JF F
FEAR, JRZE FIHDL-C & & i 2 5 (P<<0. 05) .

Table 3 Effects of HWG replacing WPC in artificial milk on serum biochemical parameters of piglets

HWG E4% WPC H il

HH R The ratio of HWG replacing WPC
Item CON
33% 66% 100%

BWEEB/(U-L ") GPT 39.40+2. 47 38.334+2.71 36.834+1.51 40.3042.70
BHEHEEE/(U-L ) GOT 45.2744.49 45.6745. 46 33.17+4.61 36.40+3.37
BEH/(g L) TP 50.33+1.20%  51.78+1.61% 54.83+2.33° 49.90+1. 29"
HEH/ (g L") ALB 31.2740.87 32.3341.13 33.6741.96 30.3040. 99
BREM/(g- L7 GLOB 18.934-0.97 19.564-1. 89 21.0020. 86 19.60+0.75
JR % /(mmol-L ") Urea 2.61+0.22" 3.6040. 32° 3.1240. 44® 3.1840. 30"
WUEF/(pmol+ 1~ ') CREA 92.07+2.94°  86.004-3.33" 75.50+3. 50" 76.60+4.58"
PRI /(pmol-L 1) UA 1.8040.31 1.8940. 42 1.3340.21 1.60=40. 22
#4585/ (mmol-L7") GLU 6.4440. 35" 7.00=0. 52° 5.634-0. 35" 6.2540.26®
JH [ #5 / (mmol - L) CHO 2.9040.12 3.1040. 11 3.2240.34 3.01+0.18
Hh=F/(mmol- L") TG 0.5040.05 0.5740.06 0.61+0.07 0.67+0.04
= % B R AR AR EE/ (mmol- L ') HDL-C 1.2240.11" 1.5940. 09" 1.47+0.16" 1.6640.09°
{0 %% 5 IE 25 (A I [ 2/ (mmol - L) LDL-C 1.3540. 05" 1.3440.05" 1.5440.17" 1.14240. 16"
AR 25 12 6 2 14 BE 8 B2/ (mmol - L Y) VLDL-C ~ 0.104:0.01 0.114£0.01 0.124-0.01 0.134-0.01
C- P H [ /(mg-L ') CRP 10.47+2.46 8.58+2. 62 11.8344.07 7.44+2. 27

2.3 HWGERKRAIZH WPCH{FRMiEF RE
BREBKERNZIE

M 4T, E N TEL L HWG B X 66 %
1 WPC 25 1 2 FEAK 7 H i W7 05 4758 13 IgA

IgM 7K *F- (P<<0. 05) 5 1B & X be 5] 2 33 % #1100 %
BF A7 % i3 b e e Bk AR K OF 6 B 3 R e (P>
0.05) .
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Table 4 Effects of HWG replacing WPC in artificial milk on serum immunoglobulin levels of piglets

it H X g

HWG 8 WPC L4
The ratio of HWG replacing WPC

Item CON

878.27+20.78"
21.58+0. 277"
39.6546. 39

RPEBRE A A/(pg -mL ) IgA
RPEERE A M/ (pg -mL™") 1gM
RIEREA G/ (pg -mL™ ) IgG

33% 66 % 100%
850. 91+ 34. 63 668.77+116.17" 857.39+44. 10°
21.610. 34° 18.40+1.81" 21.1840. 80"
27.4144.86 28.104-10. 72 38.264-9.72

2.4 HWGERAIZAH WPCHFHEMEBEMREML
BE TR R M

MR 5 AL 7E N TEL A, T HWG B AU A
Fo B i WPC 25t 35 52 0 7 5O W 0% 41 3% 135 i 41
1bfE 1. SXTRAAM L , HWG B AL WPC L 1 ik £

£5 HWGERAILIH WPCX{F3 Mm%

AL EE SR

662 F1 10024, 41 44 1L 7 o MDA K ¥ 8 3% T+ &
(P<<0.05) , %t T-AOC # GSH-Px 1 ¥4 ¢ i % 5%
Wi 5 4% AR L 33% B AT I T T-AOC .
GSH-Px i ¥ fl MDA /K ¥ ¥ & & 3 25 1k (P>
0.05) .

Table 5 Effects of HWG replacing WPC in artificial milk on serum antioxidant capacity of piglets

HWG #1CWPC H. 41

Ol
A KT8 The ratio of HWG replacing WPC
Item CON
33% 66 % 100%
MBLEALRE S /(U-mL™") T-AOC 2.87+0.32 2.7240. 30 3.64+0.15 2.76+0. 31
AW H T S/ (mU-mL ') GSH-Px  113.15+5. 30® 114. 6245. 25" 127.78+5. 35° 109. 96+ 3. 84"
N %/ (nmol-mL ") MDA 2.1640. 46" 1.4140. 24 6.21+0. 36° 5.46+0. 62

3 W

TEFBCE T, B HWG B A7 E/F 5% .
Horp 78 21~28 H & Wi 5 i A7 4% 0 i 20 O
HWG 5 K [R]85 7E R b i o JH R AT T A
Wang 55" i B 58 & B, 3% M1 5% HWG £t
o) AR R R R R R R s R AT AT R IR TS R 4R
i A K 8 5 SRR AR RIS R B, AR AR R ORI RN
T 45 B I3, 3% A1 5% HWG B4R nl Ll 3
Wi 5 A7 4 A I P e L BRAIRIEYS 5 wh © AR IS
FeW] R AR ] 2% HWG B OO %, B4
TAFRAER R BEINEE . (A2 BFEE LR
] A AR 9T 245 % o 9 BRSO BIF 9 2 B W 5 4 1)
FRAR DL 2% A4 Y% HWG 8 AR R Y i 3% 3 (o8 ok
5 LA M AR A BB RN I oY R il
F 3% HWG B ARG b i 2% 8 (o sk i 85 & A8
FIF W 5 A7 4 A KPR RE (AR AR th K T B R
FIoR 3 mAr s B K ERE . 2B DL Lo 2%
R H, LLHW G AR5 A b S 5] 0 A 9 2 1 D %
Wi 5475 A — o I BCEAE R BB RS R A
TR Chn i 2% 28 Ry L B D) AT BB S S AT AR Kk

AE A o 7 T A% 9, B HWG Y 2058 32 304 L 451 A
o) 2 ) 2ok R v S I R T A Y R AR GG 4 2R
WoR L HWG 248 A T34 66% #1100% WPC
(FLVEWR A E AR ALIRE 1) 2 B E K 7~
20 H B A4 R KPR RE U X 3300 WPC XHAF 4 4E
KR A 35 m

A7 56 10 2B K 1 BB AR M T L 7 40 4 1 R 4 L 2%
ETIRE . AR 56 A il A AR S AR A T AT
Fe o A R4 23 DRk 0L o IV CREA K
5L B U B A — 2 B O AR, 2 R ) e Y R
TEAE b, HL R I ROk B R AR B R
PRZ 2 B A 2™ W), 0E T IR R K- 1 T
1o AT A 2 LA X 1 L (0 2 ) R v 60 19 1)
R ARG, BV i 335 DR 3R 7K - AT ) 432 Bz B ML A4 %k 2609
FHAE B s HDL-C & — iz 48 110 [ B i B 17
JI 26 FABORE , T AR SE A AR A3 AR o IR
A 25 R R HWG B AR WPC n] BEARAT 3 1l 7
i CREA K, #25 HDL-C FIJR ZKF . ETit,
ALAEI, HW G 48 WPC X T 475 B T BE A BUR 1
PH AR B S N R T A0 6 R e &R R OF
S0 g A .
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IV He 9% BR B KO AE — 8RR B R T ML
A 1 G0 928 T BB, 2 4 15 ML AR {5 19 T B A 4r 2 —
B 5 BK AR R B9 43 B 48 bR B & B TgA  TgM Al
IgG o AL S A 30 D bR 25 Al 2 4 5 L A ik B
KyEZEHEZ > Hrph , T-AOC Fl GSH-Px
RE T P EALIE M, MDA WL RS B & A 1 =
WL R — B R L R T AR R AR A B
W, AT B0 8 43 BT T LI G 58 BR AR KO i A Ak
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A B 5T e W, /0N 22 K fifk 48, 1 Ak 3R] 9 /b aot 4R A
V550 i 38 A R AR ot B R A S
Jo 8 A5 EL LA 8 A A X G ) I 5 A e B
Tt HW G 2 A [A] 9 4 T8 34 36 B o8 T
Wh AT 4 13 G %8 BR R K SF T B 4Rk RE T B9 AR
FHUT B 3 BEAF 5 HW G B2 R 28 1 32 2 2 4
YRR, ELAE F LA AR

4 &

N TEL b A8 /N 22K fif 2 8 A3 s L 1Al
(hn66% .100% ) i 7L e 4 8 11 4 K [7) 72 52 i
(RN ORIy N AN 1 W AV BN S L= N < = W o
I3, MR AR 33 %0 FL I W 48 B 11 IF AR A AR bR AR
A G0 R A o ELRR A L 3 PR 3R R AN 45 SR AT LA
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