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RUR MR E B RS S BT E KR SRR

R UH N ER LR M E & A8 TR B 5

MG E T PR RRSGET
(LA LR 7 AT RHE B S T R T SRS LR 100193,
2.1 P9 BRI RHEAT A A B 537000)

W E. ARG ERZH AR AT B 47 5 A KRR B AR R AR AR &
HANIEAT o, KIEEIE 108 kIR E 4 (8.12+0.58) kg #9 28 B #“ A x K x K7 B 345
W My A3 A, FHoANTL, BATL6 LM, A FEE 1/2, fisFBA(NC )R %
k-2 R A AR T B ZE (PC 20) 49" L Bh AR +75 mg/kg & F &, sk Am 40 (MH 41)
PR A mB E R e T A S ERARAMAR T 2R 2 AR, KB 3 d, EiX
}35d, EREAW . ERXBWH(FH 1~14 X),5 NC 442 PC 4148k  MH 2807 0347 3% L5 4
FHEAK(P=0.07) , 4% & Jit (CP) Ao #Lh5 Br 69 WL L R B %48 & (P<0.05) , fe ik % f2 fn 21 &
(T-BIL) 4% 2 % 1K (P<0.05) , o7& B AALARE /) (T-AOC) 2 %42 5 (P<0.05) ;5 NC 4148
¥t PC 28 4e MH 28 B 4545 ¥ fn 75 A8 B AL B AL B E 1 B 2 4% 35 (P<0.05) ; 5 PC A48 ,MH 41
BT 4345 B B M SR A 4 45 ( ADF) 69 A WL IE AL R 2 F 3 5 (P<0.05) , ERBEH(FH 15~35 X)),
5 NC 4= PC 20485 ,MH 2817 %345 % CP 4= ADF #) A M5 4L £ B %3 5 (P<0.05) , foiF &
4% 2 FHBIL(P<0.05) ;5 NC 20481t , PC 2040 MH Z1 W7 %317 # o 7% T-BIL 4% % & 51K
(P<0.05) ;5 PC Zi483t , MH 207 b3 45 # fo 7% T-AOC B % 5 (P<0.05) , ik R E L5454
FHEAL(P=0.09), a5 P £ BEHKEEG A(P=0.06)F 2% 3K E G G(P=0.09) &% 4 T3,
bz LPTIE | fOR e AR R A T A AE TR & E A4 A9 R LT AL A B3 3R i AR ) A
o B T R R B E BT AT R R K AR e i A A R

K Mok A KR, B AR AR FREBALRE N R AR BT AT

& 5255816 X HkFRINAD A XEHS:1006-267X(2020)10-4852-10
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RIS, FEV A 2k 2 v AR U} oA 40 1Y 1 6% e
3 Z 1) AT ERL i S B 4 B BT A ol — e 250 I B
VERT D5 I AT DA e SR R B T Y MR IR
A 78 VA T 65 48 S TR st Ok o B R B
3R BT T AR s A SR B R b
PROSHE A A v B BE VE A A i, BEAIORL &
(CP) FUHLAG Wi (EE) iy & & T8 1l 5 1 2R
U B AR T T AR L R g R ke
TERY AR AR EE N RIS, PTG R R AN R A g
Bt L S5 —Jr T, SO n BT LT R
FFERHEOR R T A FE R R, O
InAREERL URESE ) 1 A 8 T AL R, RE D )
Wl A58 8 1 38 B R SOVE T, DA ik 20 e 26 R Y
YT MHA S AT R W S Ak B e AR
ISR F 7 2 K PR R . Zeng ST RFSY
FWT DR R AT IO A 7RV 20 A O
2T BT PETERY . Stein 25V ST R Ik B
AT RETIERE N AR, B, Al
5 38 I O ek SR X W 0 A A K P R
B IR BIH AR LA R I A A8 B 1Y 52 i R R 5
HAAEMPUE RWRCER IR b A2 N R R E A&
WA TR 2513 520 5 AR I 4 B R BIR T
W et 1 5 A9 1E XF BR 41 (positive control
group, PC A1) , IS A it} S 38 Ak B 45 A7 Wy 5
FEAE AR R b B4 T R SR HE BB AR

1 MBE5FZE
1.1 REdr

TR AR AR JEURE e P8 AR M R A R
o rIBRAE S RO A HEFE TR, BRI 100 kg A2
A, P10 100 kW, I #E ]2 25 ~ 30 min, i #4
BN 80 AT, IR & B A F A T2 R,
1.2 KBz E5RFER

BEPE 108 SRBLAL Y 28 H i fd e« ftx e x
R” =ZJuR s H8 [ MG 1A (8.12+0.58) kg ], Fifi
Bl 3 4, Bdl o MEE, BAHE 6 K%, A1
#ib 12, & HEEV RIKEZES AR E (P>
0.05) , X} B8 244 ( negative control group, NC 2 )
M E K - Ok A 3L Rl R R, PC AR MRS
75 mg/kg< g B MY Al R AR, RO B4 ( micro-
wave-heated group, MH 2H ) 1A M FH 70 % i #49 &
KN R 56 4 A BRUAC S ) R b oK R A9 ]
M, ARG E 7% 75 BT A NRC(2012) Y 22

SR, FERI RV ZH R BB SRR LR 1, WA A
MR oK, B I3 d, IE 35 d, 43 A Aj i
(55 1~14 K) R (5 15~35 K)2 PErBL, i
AR AT R A AT 2 H R
IR ARy AT SR A, i A T
A I EF AR AR AT FB AR T A0 Bl 71 56 3 b
PEAT , A PO e R A A S
1.3 HRREMIBRUE
1.3.1 AR PRI E

FEAE RIS TT 4R J5 9265 14 F1 35 K o B FR
B — AT 4 1 T o R — R e A i R A o,
TIHEF H T (ADG) P H R £ 4 ( ADFI)
FUBLE H (F/G)

®1 ERARAMREFKTE (FERER)

Table 1 Composition and nutrient levels of

basal diets ( as-fed basis) %

=] i J5
Items Early period Later period
J5#E Ingredients
T2k Corn 58.07 60.54
M1 Soybean meal 12.00 18.00

FAVE
Z(t)y ;iétiﬁi;lﬁsncentrate 4.00 2.00
WAL AR S
Extruded full-fat soybean 12.00 8.00
£ Fish meal 4.00 2.00
FL7E ¥ Dried whey 4.00 4.00
5l Soybean oil 2.37 2.07
R 445 CaHPO, 0.95 0.80
f1 ¥ Limestone 0.88 0.90
ik NaCl 0.30 0.30
L-Hi & R b AR Eh L-Lys - HCl 0.43 0.40
DL-FEH R DL-Met 0.08 0.09
I3 R Thr 0.14 0.13
{6, Z R Try 0.03 0.02
—HAL 8 Cr,0, 0.25 0.25
iRl Premix" 0.50 0.50
&1t Total 100.00 100.00
EF27KF Nutrient levels?
TH{kHE DE/(MI/kg) 14.82 14.60
HLE M BT CP 20.11 19.00
%5 Ca 0.80 0.70
R AP 0.40 0.33
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32 &

k1
i H AT Ja i
Items Early period Later period
AT H AL E R DLys 1.35 1.23
AlH AL B Z R DMet 0.39 0.36
[ HA LI &R DThr 0.79 0.73
T HA LB E R DTry 0.22 0.20

1) TR KL A BT 5 AR 2 fit The premix provided the
following per kg of diets: VA 12 000 IU, VD, 2 500 IU, VE
30 IU, VK, 3 mg,VB,, 12 pg, ¥ # & riboflavin 4 mg, D-iZ
2 D-pantothenic acid 15 mg, #HER nicotinic acid 40 mg, &1k
JE#8, choline chloride 400 mg, ' f# folic acid 0.7 mg, VB,
1.5 mg, VB, 3 mg, Mn (as manganese sulfate) 30 mg, Fe
(as ferrous sulfate) 90 mg,Zn (as zinc sulfate) 80 mg, Cu
(as copper sulfate) 10 mg,I (as potassium iodide) 0.35 mg,
Se (as sodium selenite) 0.3 mg,

2) HLEE P BURIES o S 00E , AR IHH5{H . CP and Ca
were measured values, while the others were calculated
values.

1.3.2  JEVERNE

IR AT 14 d, B K 2 WM EIF I kA7 3
(R TE IR O, A7 46 2 75 B TS 3 B2 L8 AT 0% 19 2 1
AR5 SR 4% M A L 0 250 IR S e, THRA
s (1

MEYG R (%)= 100x Y, (IG5 B
VS RE) 7 (B BB B R
1.3.3 YR Kb IH R &

IR 2 12~ 14 K A5 33 ~ 35 KikF7 264
KA B RMNEAEE P EZERE 150 g,-20 €
PRAF 8 3 d ERFE R MR B X5, — 3 T
KNG WTRR (volatile fatty acid, VEA) & & 19 & |
FI TN 65 T HIBEFT h AL HE 72 h, [, A 5
Kyt 40 H i PR AR
1.3.3.1 EIRYBFR LIS L A0

T KRR ZEEAE S P ) T B (DM) ALY
(OM) \CP EE  H 3k I £ 4 (NDF ) FlR 1 Bk %
214 ( ADF) & & 19 W %€ 43 5] 4% M GB/T 6435—
2014 .GB/T 6438—2007 ., GB/T 6438—2007 ,GB/
T 6432—1994  GB/T 6433—2006 .GB/T 20806—
2006 A1 NY/T 1459—2007 )75 1 #4710 5 | fa) AR
5 R (Cr) 5 12 IR T O 154X (Hi-
tachi Z—5000, Tokyo, H A4 #4700 52, 3= ¥ 5
T AR B AT .

BT PR M (%) = 1-100x (AR

Cr &it/ZeME Cr & ) x (B E Y
TE/ARZERY RS R) .

1.3.3.2  ZEfFErh VFA & &1 E

FEMETE 4 CTT ARG HREL0.5 ¢ T 10 mL
HOEN, B4 KEEZR 8 mL, AR
30 min, 7£ 4 000 r/min [ 54 F 5.0 10 min, B I
W 160 pL B LK B2 8 mL, 7 B H
2 mm 3 Y€ #8 ad JE 5 A B 63 53 B 42 ( Tonpac
AS11, 3£ [H) #4T VFA T &=IE
1.3.4  MBRAYRAE Ab S 0E

a3 I IE AR 14 RFIES 35 KRR, B4
A PEPE 1 SR O ORI 5 mL TR
& 2 h, #E 3 000 r/min 258 T #5010 min,
P IS BCAE 2 mL 2048 ToiltcE -20 T ORAE, H
T HE A AL PR R S 8 A 1Y E

ML 7% 4% 57 %% & [ ( aspartate aminotransferase
AST) 23N %% % [} ( alanine aminotransferase , ALT)
WM, 17 A (albumin, ALB) | & % H (total pro-
tein, TP) . JR & & (urea nitrogen, UN) JJLIF ( creati-
nine, CREA ) . & JIH [fl. £ & ( total bilirubin, T-BIL)
o, A 1L W) B 1k B ( superoxide dismutase,
SOD) . 45 Bt H Ak 33 %8 1k %7 % ( glutathione peroxi-
dase , GSH-Px) 1 ¥ | 5470 %8 fL BE JJ (‘total antioxida-
tive capacity , T-AOC ) Fll A —.[# ( malondialdehyde,
MDA ) % a4 48 bn ok 4 A sh A Ak 40 Ar A (1 R
1 BT GF-D200 ) #1436 6 B (1l AR v 2%
RAL 722) HEATIE

M3 % ZEEREE H A (immunoglobulin A, IgA) |
HePEER 5 1 M (immunoglobulin M, IgM ) | % % Bk
5 F1 G(immunoglobulin G,IgG) N7 % ( endotox-
in,ET) MR SEH T —a ( tumor necrosis factor al-
pha, TNF-a) . 14 i /1 % -6 (interleukin-6, IL-6) |
41 i1/ 2 - 10 (interleukin-10, IL-10) 2 & F1 — %
A AL ( diamine oxidase, DAO) i P4 2% FH AH N it 4
B o A Y TR S T A AR B A T E
1.4 HESH

BT A5 T 46 0 H 38 5 Excel 2010 3 B, i
SAS 9.2 G 0 A SR AR AT B 1 T5 224y
M7 ( one-way ANOVA) fil LSD £ & %, DL P<
0.05 253 BE L 0.05<P<0.10 NA L,
25 R BE A AR IR RN
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2 &% B
2.1 U AP E AR R X BT 98 4F 58 A K sE AR
815 R A #0

f 27 A, AR T (551~ 14R) , 5PC

ZHAH E, MH 21 W7 03 47 5% 19 TS R TR (P =
0.07) 3 £ Fa]HR AT FH A I8t o A Ak B ) i el D) ko
Wr W45 4 By BE 9 ADG , ADFI L)} F/G ¥ i
FE0 (P>0.05)

T2 RURANAARRLR AL B 97 5 A K REFIRE TS R R

Table 2 Effects of microwave-heated feedstuff on growth performance and diarrhea rate of weaned piglets

i H fokt IR 20 IEXT R ORI EAR R P1H
Items NC group PC group MH group SEM P-value
%5 1~14 K Day 1 to 14

SFHHIE ADG/g 264.51 301.40 307.56 15.96 0.17
SEYJH R B ADFl/g 365.54 424.68 361.93 29.92 0.29
BE L F/G 1.40 1.39 1.19 0.07 0.14
E 75 % Diarrhea rate/% 1.23 2.31 0.62 0.46 0.07
%5 15~35 K Day 15 to 35

V¥ H I HE ADG/g 579.12 605.48 592.68 15.23 0.55
V¥ HRE& ADFl/g 925.57 1 000.70 955.00 28.83 0.23
BHE L F/G 1.60 1.65 1.62 0.03 0.62
% 1~35 K Day 1 to 35

F¥IH T ADG/g 439.72 466.55 457.82 11.15 0.27
FHH R ADFl/g 701.56 770.30 717.77 27.48 0.23
BELL F/G 1.60 1.64 1.57 0.04 0.24

[l 47 Bt SR AR AN [ /NG P RER R 22 5 B35 (P<0.05) . T[],

In the same row, values with different small letter superscripts mean significant difference ( P<0.05). The same as below.

2.2 RUEMBEMNERHIFEE R REN
HUEN G

23 AL B AT (5 1~14 X)), 5
NC 2HF1 PC ZHAH [t , MH 2H W7 931154 CP #1 EE 1
TR B F 5 (P<0.05) ;5 PC A A I,
MH 4 Wi 547 5% NDF Fl ADF {432 W03 1k % i %

FE(P<0.05), FEIREJEWI (6 15~35 K), 5
NC 4 AH I, PC 4 Wr 43175 DM Fl OM 114 2 W
R B ERE (P<0.05) ;55 NC 411 PC ZHAH L,
MH AW i5115% CP 1 ADF 12 WL Tl 1k 3% i & 4%
1 (P<0.05) ;5 NC 414 b, MH 41 1 PC 41 Wi 7%
7% EE W2 ML FE T (P=0.09) .

R3 BURMAGE BRI N EE R RRWELEZH R

Table 3 Effects of microwave-heated feedstuff on nutrient apparent digestibility of weaned piglets %
s okt IR ZH IEXT R WO Y EAR R P1H
Items NC group PC group MH group SEM P-value
%5 1~14 K Day 1 to 14
T#1 5 DM 81.14 80.35 79.30 0.59 0.21
HHEE BT CP 64.91° 60.01° 71.33° 1.94 <0.01
PR £F 4 NDF 52.38° 44.32° 60.33" 2.96 0.01
FRMEVE T 4F 4k ADF 51.44" 35.21° 52.82" 3.54 <0.01
HHLY oM 83.07 82.37 81.06 0.59 0.10
HLIE EE 37.67° 35.88° 68.35" 2.33 <0.01
% 15~35 K Day 15 to 35
T¥5 DM 84.53" 86.61° 83.49" 0.38 <0.01




4856 o W E I 32 %
iH Bkt B4 N opiti| WM S ERREDR P
Items NC group PC group MH group SEM P-value
M AT CP 77.47° 77.08° 82.11° 0.85 <0.01
FRE PR 4T 4E NDF 61.92 65.62 70.56 0.60 0.11
Bk YRV 2T 4 ADF 58.97° 56.42° 70.20° 1.83 <0.01
HHLY OM 86.40° 88.36" 85.15¢ 0.39 <0.01
HLAE DT EE 49.53 51.07 51.28 1.51 0.09

2.3 fRURE AR LR R X W TS S E AL
EiLa: oAl

R4 AL AR AT (5 1~14 R), 5
NC 41 F1 PC 4040 b , MH 21 Wi 93415 1. 75 7 T-BIL
% i PR AR (P<0.05) , TEIRER S (5 15~
35 K), 5 NC 4l A1 PC 4141 Lt , MH 4L Wi 5415 1L
T UNM & W PR (P<0.05) ; 5§NCH A

I, MH 2H #1 PC 2H By @3 474 1L & H T-BIL #Y &% &
B FERAR(P<0.05) ;5 PC ZHAH I, MH 21 bt 93 41
WLV ET W& & FREAK(P=0.09) . N
PARDELFORE T W 475 13 ' ALT \AST .DAO )
%7k fl TP, ALB, CREA [ & & & I Z 5
(P>0.05) .

R4 RURMBAGEBR R W 5 I R R AL IR R R

Table 4 Effects of microwave-heated feedstuff on serum conventional biochemical indices of weaned piglets

WiH fON R ZH IEXT R ZH e BER AR P1A
Items NC group PC group MH group SEM P-value
% 1~14 X Day 1 to 14

BN AR ALT/(U/L) 40.17 38.83 41.00 3.39 0.90
KREEE M AST/(U/L) 54.00 68.00 53.83 6.31 0.24
JRZ A UN/(mmol/L) 3.06 3.37 3.01 0.19 0.37
MBI TP/(g/L) 44.83 45.17 45.00 1.47 0.99
HEH ALB/(g/L) 28.33 27.67 26.50 1.09 0.51
JLEF CREA/ ( umol/L) 51.50 52.83 60.17 3.32 0.84
BJRZLZE T-BIL/( umol/L) 1.58° 1.12° 0.45° 0.18 <0.01
N# % ET/(EU/mL) 8.72 10.58 7.63 1.18 0.25
A AL DAO/(U/mL) 4.80 5.93 4.01 0.82 0.30
%5 15~35 X Day 15 to 35

BHAHEHEB ALT/(U/L) 42.17 38.00 40.50 2.91 0.61
KREEE /M AST/(U/L) 35.67 47.67 38.83 4.40 0.19
JRZ A UN/(mmol/L) 3.44° 4.48* 2.41° 0.41 0.02
BEEH TP/ (g/L) 52.83 54.00 51.67 1.47 0.55
MM ALB/(g/L) 32.00 34.00 31.17 1.35 0.35
JWLEF CREA/ ( wmol/L) 57.67 56.67 56.17 2.11 0.88
MHZr & T-BIL/(mol/L) 1.53" 0.85° 0.93° 0.16 0.03
N# % ET/(EU/mL) 8.78 10.54 8.10 0.72 0.09
T B EALEE DAO/(U/mL) 4.51 4.68 4.12 0.43 0.65

2.4 R AN EGE AR X BT 94 3R I E | AL F0
REEIRIIZ T
M 5 Al e AT (26 1~ 14 K) , 5

NC AL, PC 20 A1 MH 20 W 3475 1L 5 o SOD
TG PR 3 B 5 (P<0.05) ; 5 NC 44 F1 PC 4 AH
., MH 2H W7 0541 5% 1L %5+ T-AOC & #F 1 & (P<
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0.05), TEIRE 5 W] (5 15~35 K), 5 PC 444
Lt , MH 20 W7 005474 175 H T-AOC 1 # # i (P<
0.05) , ML H IgA (P=0.06) Fl IgG(P=0.09) [

FEA IR N SRR R X D £
6 L3R P A B 48 AL B0 %8 8 bR TG I S S e (P>
0.05) .

RS UK N GR AIE A X BT 4 4F 5 I B E AL 0 SRR AR AR RO R

Table 5 Effects of microwave-heated feedstuff on serum antioxidant and immune indices of weaned piglets

gE| ipogiE:) 1EXT R4 IR HER R P1A
Items NC group PC group MH group SEM P-value
% 1~14 K Day 1 to 14

ALY L SOD/(U/mL) 51.66° 53.93" 53.79° 0.46 <0.01
AW Bkt E AL P GSH-Px/ ((wmol/L) 23.67 22.72 23.94 0.97 0.66
BPUALEE S T-AOC/(U/mL) 12.46" 12.98° 15.27° 0.65 0.03
N % MDA/ (nmol/mL) 1.62 1.63 1.45 0.07 0.15
HIEERE M A IgA/ (ng/mL) 25.73 28.11 27.72 2.62 0.79
B FREH G 1gG/(ng/mL) 13.25 14.55 13.67 1.95 0.89
e BRE I M IgM/ (ng/mL) 12.83 11.11 13.41 1.30 0.46
40 Z -6 IL-6/(ng/L) 40.88 33.04 43.37 8.02 0.65
4014 % -10 IL-10/(ng/L) 21.81 20.22 18.65 3.97 0.86
B 3R FE IR - TNF-o/ (ng/L) 125.52 113.81 127.31 9.51 0.57
% 15~35 K Day 15 to 35

BE LY ARG SOD/(U/mL) 53.22 53.58 53.89 0.23 0.17
AW H Bk A ALY GSH-Px/ ((umol/L) 25.57 23.38 26.96 1.50 0.28
MPUEbEE S T-AOC/(U/mL) 13.75" 12.35° 15.58° 0.80 0.04
P % MDA/ (nmol/mL) 1.47 1.55 1.26 0.12 0.23
HPE R A IgA/ (pg/mL) 25.20 24.52 28.67 1.15 0.06
I ERE I G 1gG/ (pug/mL) 10.77 9.92 15.06 1.55 0.09
H PR I M IgM/ (ng/mL) 11.64 11.28 12.80 0.87 0.46
F 44 2 -6 TL-6/(ng/L) 35.31 31.69 42.29 4.82 0.33
F 4/ Z-10 IL-10/(ng/L) 16.37 18.79 18.29 1.78 0.61
Jit g IR FE R F—a TNF-o/ (ng/L) 137.23 123.02 137.28 7.56 0.32

2.5 R A0 B4R A R A 3T BT U 4F 3 ZE{E H VFA
SENHIT

2 6 Al A1, 5 NC 411 PC 4 AH e, fc i
PADRLFORE AT LS 2 i 0 8 4 A7 2 R R
WIR . TIRA S EMIERE & &, (HEERA
B2 (P>0.05),

RIS i S
3.1 TR An A AL IR AL X BT O 4F O AR K MRk
ERYMBRRVE N RMETS RN

Liu &5 2 B 57 45 J 2 WA, 7 ) A o O i 1k
K AT DL 4R 7 A7 3% 9 ADG Al ADFI, Amorn-
thewaphat %' BF 57 45 SR 6 0, 5 %) BR 4 4H L, 7B
T AR HR IS I 48% B I Ak E oK v] LU AT 54 B9 ADG
BN 5.79% . AR 50 45 S 2 B AR R v 4 ek

T AR Rl SR A5 T W A7 5 A AR T B B
ADG Fl ADFI WA BEAL, (H 2 25 5K B3, ] e A&
DR S Bl 0t fon A Ak B ) R %) 7K 43 ik /b, DML 5
S O T R IR R, TR R A R A, E

T HE, AR HE Y AT R A
W — i AT TR PO S PR A E 28.4%
PRI, A it 56 Hh s el D8 44 1 1) Rt L fifE DM
(14 2 LT A 23 R AT, 2 vh W08 o 84 A B 1 e
S T — o e S By, 2R BE g R
B, SR FHBEAL Mk Je Wi 45 5 1 5 ik ml LR K
b N RE S S D R N AT W N W s R 1) ) | P2
$m E K CP  EE , ADF F1 NDF [ & WL 1k 3% |
SR B AIF 58 45 SR — 3, 33X 2 R S in 44 mT LA
BEIREAF S R A L5 0, B A g R & 2 HAH
[T PC 4, MH 41 Wr 3 474 2 15 % A BRI 3,
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W MH 414756 2 A 85 0 50 3 10 1 38 AR ) X
%, WA F| T NDF #l ADF 75 5 W F145 1 v [ it
T 1 4 v 2 UL T Ak R [R] I, Sl Jn $
FE [ I 45 ) 1) - S T S R A AR R T, AR R
SERENRA S, BN T IKBER R BIME, B TR E A
it 422 30 IF R DT B o8 3 8 X A AR R B TR

8T AL I WA, T DB W A7 % BE 8 LI AL 32 1 42
A RESE T O N B AR T GRDRLEORE R BE B
B D, SN BT S I A
RS TR B R R LTI, B R i i (HOR
AR TERE,

R 6 RURMMGARRBXTET FHEEES VFA S B2

Table 6 Effects of microwave-heated feedstuff on fecal VFA contents of weaned piglets mg/g
i H TS IR IEXF R4 A S EARELR Pia
Items NC group PC group MH group SEM P-value
% 1~14 X Day 1 to 14
LTR Acetic acid 4.16 3.85 4.63 0.34 0.30
N Propionic acid 2.32 2.14 2.37 0.37 0.90
T2 Butyric acid 0.93 0.97 1.18 0.19 0.63
SRR AMENRWTRR Total VFA 7.42 6.95 8.18 0.70 0.48
% 15~35 K Day 15 to 35
LR Acetic acid 4.01 3.84 3.62 0.37 0.75
N Propionic acid 2.51 2.37 2.55 0.26 0.87
TH& Butyric acid 1.54 1.49 1.70 0.27 0.85
SR VERRINIRR Total VEA 8.06 7.70 7.80 0.85 0.95

FE W S, A7 5 P 3 R 0 T T R AR E
e, AR B T AR AL SR, 5 %2 3
SRR RSN Z R TR M A AT, Al
sER R 5 NC 418 PC 241 AH H, 1k ik 447
FHEURERT DL A W7 0547 35 i IETS 36, — D5 i,
A HR S A JEORE R G R ORI (T A R AT
AU SN T ARDRR A AT T AR BRI T X B T
FERINL P, B A T MEYM X RIE G 55—
T, RO T A BT LA A O R v K R R B T
A ERED S RUE R A T 24 K BOR
AT LE 5, M FARAER T BT 03415 B IR VS %

3.2 R 0 A 4R) LR R XS B O 4F 5 I E E A
AU mELTMEEERNZN

LA TS AR AT LS e 3 8 LR 8 F2
T T P AR 35 7K S | e BRER S R E K 1 A S AR
B, AL RE S 3 o 4L 2L RS B HLAE A AR AL i
B ALB B 2 AT LS e A P 2R R AR g A
A CRE T B g 0 S IR X A% B 6 405 T
BEAR LTS i ALB B9 5 i I 3 UN A9 & &=
RS 6 2R 11 578 S 4 A P A AR 15 5 5 it 7
TP 19 & 5 0] S AT I 2 P A S WL & s Y
DUBUIRAS , 50 e BREE 1 & & Z RIAETE A Sk |

ALT EBAALE T4, v ALT Fl AST 1
TP e A2 S WA N7 2% T BB A IR 9 AR AR
CREA & Sh W WL 7 () 2L 7=, T RN B R
VIRE R 5855 ; DAO JEAT 44 /N BB 1 Bz 40 JfL /9 1)
SRR, T ) B2 B B & T B BEVE A 450
FEREY S AT 45 5L W, Sl Jin SRR BRORL RT
PABAR W 475 1035 ET  UN Fl T-BIL Y& &,
Ui B W% A5 B T8 Th RE L R BF R B 0 45 2% B T
BE AT B 107, T A8 2 PR Sk B0 o A kg A ) e 1Y
=L S (B Wb S e = 1 S R R SR 99
Jo 38 B 0, AT DR i 38 B B D) g

Bl A P 1 5 Tl 240 7 A B AR O R AR 23 4R
WA A 3 B e [ St 2 S PR A —
EMBEEM, S EpR I &4, T-AOC M #E
% 2 WL A4 g A A B AR R BE P A AR oK T 19 AR,
SOD Fll GSH-Px J& & & 1A N 3= 2 1 i 2 fi A Ak
F, AT LAVE B R ) ot & 1 [ o 3 s MDA 2 g 5
I AL ) B TR S WL AR A 48 A
AR I 1) BIF 5 45 SR 2 B, B0 AR ) JEURE T L
b 5 R A U T W44 103 P T-AOC 1 SOD )
TP 2 B SO AR R JEOR AT 2 R T 4 A
THPUELBE T M RCR T R T B R S A



10 FrMs A BB BGOSR RE 8 R S R LI AL R DL Rl i A AR PR R 4859

T Ak SR} B 25 5 Bk T 0 A A T AR RN, AR T AR
AT BB R T, 80 BT I A R xF
18 3 B — R 5 S A 0, DR A5 R T A R, DA
177 2 = AL (9 Bt 480k BB T g BRE 7K SF-

B E IR R I TE SIS S LR S e R G R A
REAEFHELAT B A B Y R B ML S g g i
SR EE IS bR, — 1 IgM IgG FI IgA 3 2E3RE
FIZH B, IgM S BIL A4 B 28 0 303 )7 26 1Y) o 92 Bk 2R
F 3 TgA JEARER Sk G0 5 10 31 22 41 B0 4, JE L AA
55 1 38 B R 1eG b I T R R R ER
75% "% RERSHLA AN PR PR . TNF-a J& i I
£ 6L R bR EEL 40 A5 G I 1 — b 4 B R, EL A
W RPENE W R B S S R T R A
GINRET T INAARRECRE X 8 g
YIRE RS e 3, A iR g0 45 S R BT, MH 4155
35 KM Wr A5 135 1gA A 1gG B9& G 1 m
AR A b B AR IR o A ek D) B A0 e i AL 1)
GPEHLRE , BB 1) &

3.3 R AN PR A R A 3T B G0 4F 3 E{E H VFA
SENHIE

FERE 5 Wi R B B R T — A3
SMER RS, iets & Wil h i i B £ 408
W ZFh VEAP (INZ /R N AN T R ) , I VEA X
Jo 38 il 2 AT AR A VR, e Dk 465 B 200 e 2 43E Jor 75
REH 19 9% ™ R b R A s g 0 | RRAR
T ) pH, T 55 IR B B E Al T W AT A 2E A
VFA 115 1 ] LA Ta) 42 I Wi 38 B @ AR . Zeng
ST FT R, 4 /0N BRG] IR O AR 3 T b B R T
DLSCE B 8 A 0 0 TR TR 25 4, 3 i 264 b VA
i, AT 45 R R W MH 41 W7 05 47 5 15 26
35 RIJFEfH b VFA & B IgA W, 25 A 53,
AT BESE Ry . — I, SO I iR R R R T
ERAY 0 AR, DR T & & A W 4
4 1)~V A7 R I i ok A G 0 k5 )
—J7 1T, SR I B A K — 3 3 U R B AR D e
PEVEM, A Rt EEY, 55 T
U B BT 9 235 SR — 0, 5 A T e Rt A
J5 T LU g St e R
4 4 i

SR T A Ak DAk T LA R U A A 5 R A
BRI UL AL R T AR T 0 475 1 IR
5 i I BT A AL BE 0 R BE Tk, R 8 45

JS7 IO i T £ B B 4547, Xk T oA W S A 0 A AR
KAYEREHRA — 2 RER .

SEHR

[1] WUTTEN P J A, VAN DER MEULEN J, VER-
STEGEN M W A.Intestinal barrier function and ab-
sorption in pigs after weaning: a review [ J]. British
Journal of Nutrition,2011,105(7) :967—-981.

[ 2] STARKEI C, PIEPER R, NEUMANN K, et al. The
impact of high dietary zinc oxide on the development
of the intestinal microbiota in weaned piglets [ J].
FEMS Microbiology Ecology,2014,87(2) :416—427.

[ 3] PANL,ZHAO P F,MA X K, et al.Probiotic supple-
mentation protects weaned pigs against enterotoxigenic
Escherichia coli K88 challenge and improves perform-
ance similar to antibiotics[ J].Journal of Animal Sci-
ence,2017,95(6) :2627-2639.

[ 4] WBRE L. ud: 2 X0 8 40 78 A8 5 52 w09 IF 52 3 R
[J]. " EIG R BT E 2% ,2017,10(12) . 1231-1234.

[5] FeM¢ Aa7, 88, 58 R0 A B R oY ik Jé
[J]. 4% Tk ,2019,40( 14) :45-51.

[6] REFEZ W, mRUT, 5 R Ak B A5 £ 4
R [T ol 5 E M, 2015(2) »
1-4.

[ 7] ARESE, 28 W0 25 OO AR B AR i 1 5 F 5 F e
[J]. 93 ,2004,33(6) :438—442.

(87 g n. Aapk v e a0 SOk ) Bl m #1622 5 Im
X ST SE [ D] AL st th E A R, 2012,

(9] JEUb Vb RGmex o 4% 35 e by e M s mi i WF 58 [ D L st
A SN TR Tolk K2, 2012.

[10] YOSHIDA H,TAKAGI S,HIRAKAWA H.Molecular
species of triacylglycerols in the seed coats of soy-
beans ( Glycine max L.) following microwave treat-
ment[ J].Food Chemistry,2000,70(1) :63-69.

[11] TR, EMEsR, D5 A M b B T 22 Y
AL Y] AR 52412, 2020,35(2) :116-122.

[12]  Eizfl, w24om , 28 RAE S5 ik SR IO K B
TERTE V] ZBAE R, 2010, 38 (4) 2047 -
2049.

[13] BAX M L, AUBRY L, FERREIRA C, et al. Cooking
temperature is a key determinant of in vitro meat pro-
tein digestion rate; investigation of underlying mecha-
nisms[ J ].Journal of Agricultural and Food Chemis-
try,2012,60(10) :2569-2576.

(147 RSB 28 W B B T B R [ 3] A
%,2018(1) . 72.

(15]  RILLHE i Ak BT £ dh 5 37 18053 (9 82 00 70 A F 52



4860 ;oW E K ¥ iR 32 %

[T]. 80 & ,2020,1(1):118-119,122. of veterinary medicine.Slovenia; University of Ljublja-
[16] YAGHMAEE P,DURANCE T D.Destruction and in- na,2012.301-320.

jury of Escherichia coli during microwave heating un- [30] TYLERJ W,PARISH S M,BESSER T E, et al. De-

der vacuum [ J ]. Journal of Applied Microbiology, tection of low serum immunoglobulin concentrations

2005,98(2) :498-506. in clinically ill calves[J].Journal of Veterinary Inter-
[17] WG ATEHE A E S S TEE R (T] Aet S nal Medicine,1999,13(1) :40-43.

FH,2019(1) :59-64. [31] YANG C M,FERKET P R,HONG Q H, et al.Effect
(18]  MNHEEE  FRWIW], JBH5 , % GO B XTI SAT i T of chito-oligosaccharide on growth performance, intes-

ma ATk [T EIORHE Y 2R 4, 2019,41 (1) ¢ tinal barrier function, intestinal morphology and cecal

151-156. microflora in weaned pigs[ J].Journal of Animal Sci-
[19] ZENG S X,WU X T,LIN S, et al.Structural charac- ence,2012,90(8) :2671-2676.

teristics and physicochemical properties of lotus seed [32] RFBE AP AL R AR R A BIF ST [ D ] 2=

resistant starch prepared by different methods [ J]. WAL P EROEREBE ,2007.

Food Chemistry,2015,186:213-222. [33] ARIEA, BRACSC, B3, 45 WERE K G vt Wr i 4158 A=
[20] STEIN H H, PETERS D N,KIM B G.Effects of in- PP RE | 03 Do RE BT Ak AR 7 S 2 08 1 B 1) 52 T

cluding raw or extruded field peas ( Pisum sativum [1].30¥°8 3524 ,2019,31(1) :351-359.

L.) in diets fed to weanling pigs[ J].Journal of the [34] #INE. s eEEIM]. AL at . J E Al K 2% 1 i

Science of Food and Agriculture,2010,90(9) :1429— #t,1996.

1436. [35] TURNER J L,DRITZ S S,HIGGINS J J, et al.Effects
[21] NRC.Nutrient requirements of poultry [ S ]. 9th ed. of Ascophyllum nodosum extract on growth perform-

Washington,D.C. ; National Academy Press, 1994. ance and immune function of young pigs challenged
[22] LIUH,WAN H F,XU S Y, et al.Influence of extru- with Salmonella typhimurium [ J]. Journal of Animal

sion of corn and broken rice on energy content and Science ,2002,80(7) ;1947-1953.

growth performance of weaning pigs[ J].Animal Sci- [36] XAVIER R J,PODOLSKY D K.Unravelling the path-

ence Journal ,2016,87(11) :1386—1395. ogenesis of inflammatory bowel disease [ J ]. Nature,
[23] AMORNTHEWAPHAT N, ATTAMANGKUNE S. 2007,448(7152) :427-434.

Extrusion and animal performance effects of extruded [37] LEEP A,HILL R. Voluntary food intake of growing

maize quality on digestibility and growth performance pigs given diets containing rapeseed meal, from differ-

in rats and nursery pigs[ J].Animal Feed Science and ent types and varieties of rape, as the only protein sup-

Technology, 2008 ,144.(3/4) :292-305. plement[ J | .British Journal of Nutrition,983,50(3) .
[24]  AFHE, FEIE K ol - s ol o TORPUMETERY T & 661-671.

PARLT] B S HLI, 2016,32(6) :198-200. [38]  WRICAR, WS, A e LI AT T 0 A XS I i e A AL PE fE
[25]  Zsgealie, iR $d v JOK B PRSI AL R M WF 52 [ D] RSt 17 K ARG T R (VEA) I RZ R [ T % e 5 1)

A 3. T VLR K2, 2015. BB 2016,37(2) . 10-13.
[26] L7 Wb st b 2B 41, 55 S 7E SPF S2 8 s 4 [39] READ W N.Physiological and clinical aspects of short

TR KB TR R R LT ] P R, 2007 (4) 11416, chain fatty acids[ J].Gut,1996,38(1) :156—157.

18. [40] ROEDIGER E W.Role of anaerobic bacteria in the
[27] NKRUMAH J D,SHERMAN E L,LI C, et al.Primary metabolic welfare of the colonic mucosa in man[J].

genome scan to identify putative quantitative trait loci Gut,1980,21(9) :793-798.

for feedlot growth rate,feed intake, and feed efficiency [41] DEFAZIO A, CHIEW Y E, DONOGHUE C, et al.

of beef cattle[ J].Journal of Animal Science,2007,85 Effect of sodium butyrate on estrogen receptor and ep-

(12) :3170-3181. idermal growth factor receptor gene expression in hu-
[28] kZAE, Rk, kA, 55 HAREF LTI B A man breast cancer cell lines[ J ].The Journal of Bio-

Y0 0 5 E i o RE B AIF ST sk R [ T 4Rk Tk, logical Chemistry,1992,267(25) :18008—18012.

2019,40(1) :2-12. [42] ZENG H L,HUANG C C,LIN S, et al.Lotus seed re-
[29] KLINKON M, JEZEK J.Values of blood variables in sistant starch regulates gut microbiota and increases

calves[ M ]//PEREZ-MARIN C C.A bird’ s-eye view

short-chain fatty acids production and mineral absorp-



10 FrMs &S R AR FOREXT BT A5 A A PR RE 8 IR T R LI AL R DL Rl i A AR PR R 4861

tion in mice [ J ]. Journal of Agricultural and Food [43] 15 Db a2 Bk B A A B 0y 1 i 125 il 4% S g
Chemistry,2017,65(42) :9217-9225. FALD] A0 2418 30 08 - TR K2, 2008,

Effects of Microwave-Heated Feedstuff on Growth Performance,
Nutrient Apparent Digestibility and Serum Biochemical
Indices of Weaned Piglets

QIAO Pengfei' CAO Heng' CHEN Zhonghong® LU Wengqing'”
(1. State Key Laboratory of Animal Nutrition, College of Animal Science and Technology, China Agricultural University ,
Beijing 100193, China; 2. Guangxi Qichang Biotechnology Co., Ltd., Guilin 537000, China)

Abstract. This experiment was conducted to investigate the effects of microwave-heated feedstuff on growth
performance, nutrient apparent digestibility, and serum biochemical indices of weaned piglets. One hundred
and eight 28-day-old weaned piglets ( Duroc X Landrace X Yorkshire ) with an initial body weight of (8.12+
0.58) kg were randomly allocated to 3 groups in a randomized complete block design. Each group contained 6
replicates and each replicate contained 6 piglets (3 males and 3 females) . Piglets in the negative control group
(NC group) were fed a corn-soybean meal basal diet, and those in the positive control group ( PC group)
were fed the basal diet+75 mg/kg aureomycin. In the microwave-heated group ( MH group) , microwave-heat-
ed corn and soybean meal were used to completely replace the same amount of corn and soybean meal in the
basal diet. The pre-experimental period lasted for 3 days, and the experimental period lasted for 35 days. The
results showed that, in the early period (day 1 to 14), compared with the NC group and PC group, the diar-
rhea rate of piglets in the MH group tended to be reduced ( P=0.07) , the apparent digestibility of crude pro-
tein (CP) and ether extract was significantly increased ( P<0.05) , the serum total bilirubin ( T-BIL) content
was significantly decreased ( P<0.05) , and the serum total antioxidant capacity ( T-AOC) was significantly in-
creased ( P<0.05) ; compared with the NC group, the serum superoxide dismutase activity of piglets in the PC
group and MH group was significantly increased ( P<0.05) ; compared with the PC group, the acid detergent
fiber (ADF) apparent digestibility of piglets in the MH group was significantly increased ( P<0.05). In the lat-
er period (day 15 to 35), compared with the NC group and PC group, the apparent digestibility of CP and
ADF of piglets in the MH group was significantly increased ( P<0.05) , the serum urea nitrogen content was
significantly decreased ( P<0.05) ; compared with the NC group, the serum T-BIL content of piglets in the PC
group and MH group was significantly decreased ( P<0.05) ; compared with the PC group, the serum T-AOC
of piglets in the MH group was significantly increased ( P<0.05), the serum endotoxin content tended to be
decreased (P=0.09), and the serum contents of immunoglobulin A (P=0.06) and immunoglobulin G ( P=
0.09) tended to be increased. In conclusion, microwave-heated feedstuff can improve the growth performance
and intestinal health of weaned piglets by improving the nutrient apparent digestibility and enhancing the antiox-
idant capacity and immune function in serum. [ Chinese Journal of Animal Nutrition, 2020, 32(10) .4852-
4861 |
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