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ABSTRACT

EFFECTS OF NEW COMPOUND ANTIOXIDANTS ON
PRODUCTION PERFORMANCE AND ANTIOXIDANT
FUNCTION OF BROILERS

ABSTRACT

In broiler breeding, due to factors such as breeding density, breeding season and feed
oxidation, especially adding aging grain and other factors, broiler body oxidative stress and
production performance decreased significantly. Compound antioxidants can prevent feed
oxidation, alleviate stress and improve antioxidant performance. Based on previous studies,
ethoxyquinoline (EQ), vitamin E (VE), tea polyphenols (TP) and yeast selenium (SY) were
used as new compound antioxidants to study the effects of the new compound antioxidants
on the production performance and antioxidant function of broilers. 2880 healthy 1-day-old
green legged broilers with similar body weight were randomly divided into 6 groups:
control group (basic diet), VE group (basic diet + 100mg / kg VE), EQ group (basic diet +
250mg / kg EQ), X1 group (basic diet + 150mg / kg new compound antioxidant), X2 group
(basic diet + 300mg / kg new compound antioxidant) and X3 group (basic diet + 450mg /
kg new compound antioxidant), with 10 repetitions in each group, each repeat was 60
feathers, and the test period was 54 days. On the 21st and 54th days of the experiment, 8
chickens in each group were randomly selected and slaughtered. The jejunal mucosa, serum,
liver, kidney, heart and pectoral muscle of broilers were collected respectively, and the
relevant indexes were measured.The results show that:

(1) Effects of new compound antioxidants on growth performance and serum
biochemical indexes of broilers

Compared with EQ group and control group, X3 group significantly increased ADG of
broilers aged 22-54 and 1-54 days (P < 0.05); compared with the control group, the F / G of
broilers aged 1-54 days in X1, X2 and X3 groups were significantly reduced (P < 0.05);
compared with VE group, X3 group significantly increased the activities of sucrase in
jejunum of 21 day old broilers and maltase in jejunum of 54 day old broilers (P <
0.05).Compared with VE group, EQ group and control group, X2 group and X3 group
significantly increased the serum ALT content of 21 and 54 day old broilers (P < 0.05), X3
group significantly increased the serum AST content of 54 day old broilers (P < 0.05), X3

I
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group significantly decreased the serum TG and LDL-C content of 54 day old broilers (P <
0.05), and X3 group significantly decreased the serum TC content of 21 and 54 day old
broilers (P < 0.05).
(2) Effects of new compound antioxidants on antioxidant function and meat quality of
broilers

Compared with the control group, the serum CAT activity of 21 day old and 54 day old
broilers in X1 group was significantly increased (P < 0.05). Compared with the control
group, VE group and EQ group,the activity of SOD in kidney of broilers aged 21 days and
54 days in X2 group was significantly increased (P < 0.05); compared with the control
group and EQ group, CAT activity in kidney and pectoral muscle of broilers aged 21 and 54
days in X2 group increased significantly (P < 0.05); the serum GSH-Px activity of 54 day
old broilers in X2 group increased significantly (P < 0.05); the content of MDA in kidney
decreased significantly in X2 group, heart and serum of 21 and 54 day old broilers (P <
0.05). Compared with the control group, VE group and EQ group, group X3 significantly
increased the SOD activity of liver, kidney and heart of 21 and 54 day old broilers (P <
0.05), group X3 significantly increased the CAT activity of heart of 21 and 54 day old
broilers (P < 0.05), the activity of GSH-Px in kidney and pectoral muscle of 21 day old and
54 day old broilers in X3 group increased significantly (P < 0.05), and the content of MDA
in pectoral muscle of 21 day old and 54 day old broilers in X3 group decreased
significantly (P < 0.05).Compared with the control group, group X1, X2 and X3
significantly decreased muscle lightness (P < 0.05), and group X1, X2 and X3 significantly
increased pectoral muscle rate (P < 0.05); compared with VE group, EQ group and control
group, the muscle redness of X3 group was significantly improved (P < 0.05), the muscle
shear force and cooking loss in X2 group decreased significantly (P < 0.05), and the
abdominal fat rate in X3 group decreased significantly (P < 0.05).

Conclusion

(1) The new compound antioxidant can improve the intestinal disaccharidase activity
of broilers, promote feed digestion, increase the average daily gain of broilers, reduce the
feed weight ratio, promote growth, significantly improve the activities of serum alanine
aminotransferase and aspartate aminotransferase, and improve the level of serum lipid
metabolism.

(2) The new compound antioxidant significantly increased the activities of SOD, CAT

and GSH-Px in liver, kidney, heart and chest muscle of broilers, reduced the content of

v



ABSTRACT

MDA, improved the antioxidant performance of broilers, significantly reduced the
brightness, shear force, abdominal fat rate and cooking loss of broilers, and significantly

improved the meat quality.

KEY WORDS: new compound antioxidants; broiler; growth; antioxidant function; meat

quality
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RN, fEUR A RS B s A, R S A Y e R RS LA
AN ESNAER, BIRARKLOR, EULNRBIEIZEARC . Zhang 55
I TR WY, HOAR AR 7 T Sa0 A i 5 3 1 AR SR A N T 3 UL R 4 R il
(Ca"-ATPase) i VE FFARAN 5 Jm AR I AR, e & 3 BER PSE IR E . £
IRAEONRIT TR, HZEKES (DEX) 353 M IR A AL SO B T A T
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3E M

3.1 I\ TR

3.1.1 RRIMEUFT

TEVARE R N I R AR PTAM A R EA 442 R A (VA) . VC. VE. TP %, LR
VIR e IS R IR B S, R TR A, R R IR R, TSR
e VAR AU RO I [ Bt B4 S U R B s B s 1 . B FER B, TRDRL RN N VE
FTP s 2 32 = Sh W il W A BSOS, VR BT 77U VE A TP 25 5 fEfa kL
WA ek E HHIETERE, BT A RN Tl F b 75 BRI AR 4k A K PUEAL T, B Al
T AT Ty R4 AR AR WO EQ,  — S8 rp s 2y R ml 6 v B 2 (R R B
WHEEE B — & AR 6,

3.1.2 ALA&BIEHLH

AL DR E IR0 B LA AR i 2 25 EQ. TBHQ 25071, 1l
SY 1EN—Hal U2 53h Wik NPT A ALl & B i, e AT 2NN . SY £
PN BEIEHET B B2EIE R TEAL T, RS TR & 2 5 KA ), &
P A R AN 2 A PR LR = o BFFCR I, BRI S/ RSO e At il
HA, WEABEZZYS GSH-Px &S, {EAbliA GSH-Px (WEZEAHKITR, 2
PR IR & A e R BB AR I ST R AL RCR

3.2 MEMNFIHERVLEHIS A
3.2.1 ZEEEM (EQ)

LR FEEMR (Ethoxyquin, EQ) & N L&MMPTEAFA, W2k A4 8 H
B30 e &t R S hiEN Az —. BPREY, 4 EQ MK
JE TN A RIS, D2 2R A A, EQ ZE B FAR Fr s In & — A IS 150mg/kgl®.
EQ HIFTEMRE o, IS PHIKT ROS By BE ORAP WAL b s BR AT B B T, 7 1k
TRpRH R} BN TS N ) 2 B4R R IV E AR, A2 — e TG00 R AR e B AR VEDY, T
A LS IS RS S IR EY S YN [ERi -a = LRk S YE S S ik S s S S W B 0 R L ik S St
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IR AR R ARREE RS, NI SE R R R . IR, st R
EQ Aef B E R M EXS N R, FNICRA R & & M. Rm &SRBk
IR, 780 EQ 2t R Ial ks i m i RH A %, W Rtk A KA.
W, EQ KA mPta il T, e A% A Xot Ry &b iR 52 1),
ARG AE M. MR VAL VE &ML, Li BV 70R M, EQ 124 AR
Yo (EAs) FHWr 17 SV P R0 VPR IR 7L 77 AR i Al sk o £ g o S

322 HEZEE (VE)

$EZR E (Vitamin B, VE) 2 —FHUAL TR RI4EER, AN TIEA K. VE fe
BRI EIE, RSV e, RAEEMERFS. VE 321 T4
F, om EBRERAEE T, AR ERB MR E B, HEREA AR H
HEETS) , WFFEER A, VE I nTpi AR S SR A s, AU T S AR R
NI, VE JE ] DU Bl AR M3 T ORI ORFR AT S A B 00 A= ) I S A O . VE R
T HEZ5TER B HEESL, 10 Reil I BOE %k B Nef2 SRR P A A B IR = A
Nrf2 255840 MR R BB R BT, v SPUEAAHCEER A R, Y sR A A e
ARG,

VE fefiitm s @A R i B A B EEA . /E AN E 2 HiE AT,
VE BA FIPUE AR LR B Bhsh WAl b R 30 53 iR B it 1 i) S8 A o T B 2 35 R
781, ghAk, VE AT CLRARIENR, $emiik i, MR, VE il DLE 3 GG WS e
A SLICIRAS T R 3R BB 1Y) 43 W 2R A8 T 348 3 D AR W 2R LA A 7= 1k e T B 7L,

MYMER S G, PUARIPUEIL RG 5E 2R WIAK pH KA. WLAH Y
MEREE B R AR, SIRNEA 445, WINEES B RN, YRGBk A
P G HA S Z B0, 4B AR 7K 2 58 N = B 808U VE s B R 2 5,
VE Rt 8 ik B AR E 5T 1003 S A0 SRR B e LA it o R R . EZER AR =L
PRI ERK P, il mr BRIV AN B S AR M, LA R FF I RE A . BT
FRW, £ EMRITEE N, VE B ERE & A N A F0E M 2 EAH R, Hu ZP
S FRIL, BRI VE B3 VE (MVE) 1939, o P i I8 g R8T 3%
T HRRZA (C4) , VE MM MVE AFAE GSH-Px & C HA FHEiEa.

VE RERS I N & 6 T 28 5 A X B R0, 32 my LR A5 A b i o 300 B T
(85861, FEZNIN G BIBCIRES T . 45 T E A E 1) VE Refig & 52 mpUAR I S ek
S, A RO R LR T AR BE PR B BRI, IR R msh A Kt Re i B B9B7. VE
TR Th e 5 ROFARME—, BFFREM, VE A5 (20 g 2 40 i i 3 K AR E ok
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OB R ARG RARTIRE, thR] DL A1 82 1) SR S AT N 23 I S BOR 4R T
Refe I8, W rE R R DR IR (AAD AP & Bk S G e N VE AT
LN 5 B A B AT S 5 A B IR 2R, SR LA N IR 1 & KT,

3.2.3 X%y (TP)

4 %W (TeaPolyphenals, TP) {ERN—FhZRnH42Hdy, AGHAMREZMA, ©W]
PATE BRSNS ANLR N I E 2L, (3R N SRR BSOS E A, Rl B
fRFIIER . HPra Mg EZ@d LLT 4 FOgksiil: @O TP HIRFR S M (I e
H&EREETHSGE, RIRRETRREE, {8 hiEp) A = 4077, AR ROS
A ;@ TP Bk E L R se = i+, ff O* Al « OH fEiBH| TP  JGRe 4k
WA, TP AE—E M HTEE N JLE LR, IR ERES SAEMRN I E H R,
AR RokE e 5 LR 28, TP Mgt BG 20 MRk, Fitbe MhtEE
PR — M ) I R R RN R @ TP Aeg 5 GHS-Px. CAT fiEME; @xfHLeik
H AR 4 IR A 5, Sk B SR L . TR AUBRE R B, H
Beami B e AP0, S E PR R I, TR A AR, TP RE#8 A 0E
% « OH 1 DPPH H M HRUR B ISR R, WX EAR I TP 7]
T B e AL A R P SR B PR V5 1 o S0 T O3 LR B, BN TR R R 200 F
400 mg/kg 1) TP AMUAEMWS 0385 2 5 T, JbRE W& $2 = MK Y SOD. GSH-Px i 14 Al IfiL
EPUEMN (T-AOC) 7K

RERANE SR IR RE R, PR A4S AR o 1) 2 MR AR i A B 5 S
W RIN, TP Ref% I8 U5 2 Fh 5 I D7 ACUHAE OC B ke s g D 0 AR 72, e fe
A AN 2 A2 M8 N DTAR, AT S 2 MFL [ e ) 8 A RE 04, TP REEE 2 = A 4 i =y
IHE 2 BRI Bl 3 1 5 Tl vy TR R 0 & B 2 IR LG OC &R, BRI ARt AR T 1) 20 A »
fER RIS GAER AU, B AAE R NI IR T & & (R0, Kobayashi M &5P71F 5T
R, 225 2 Wy v AU T = I H I B WS s2 B4, A RO G IR ) R A

TP PIPUBTERR, RS A B R 2R B 522 IR A K BT, JOH 22 K
VER AN s, v TR B S OREE . TP H BTE RIS Il IE A7 (8 6
FEARETZ N BRI, TP ST KA B I ZE0E A ] RS,

3.2.4 BB (SY)

FEREA (Selenium Yeast, SY) J&A|HEEREH R I —RA WA= 5. #HELT AL
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fifi, SY /&R BA M ANEA 2 AR, T EAAERAI S IR . ML
FEERE, BERHNA S ARA LR, (AT ERERN GSH-Px B EEH By, A
AN S EEERE | GSH-Px iEVERISRES . B4 i@ i a) HAR o SRS
IEAR RN ER SY (177 AT AR NIAb 7S, (HAEM ST QY 2 27, SY Hilk
PERANRILTE LT, RIAE Nsh IR Ab 7877, SY B ik d .

il LA 2 1 R 2000 A T2 R G ge i, ml ORsh A 0 S 7 ke 2HE 22 1
SETHEM o JRIRAE Tl 0 R s (e itk sh W25 b S e RS U T K35 77, IF4RTH ik
KA,

WEFLRY], HARERIN SY 9% B R m RS A~ PR REAT A 5T, 1T SY 2B
BRI B B4, SY AMUAT BN et oz, G R B A R R s, rIAT 2
fREBEE SR, BRIEZ AL, SY A B gt @ AL E FR- I, it LREW EC 1) 24
ARG A P RE AT D00,

325 EAmMEALT

MRIEA FIPUAMAII SR R, e TR S, HRE GEnR, 546
PUAAT P & R 195 2% Lo B 3o i FL i 48R . S B IAR FL#E T, &
BIENAIN &5 2 [ 2= A EE R, A8 & 5 — 20 2 B Be AR 2 AR A L
B RIFZEDNO R, ZHEYRS VE FIR 0 AR iR g, A B g m R
A EARIFOIRES T 3% GSH-Px v . 78R H AR H RN 200mg/kgVE 5 2 1 259 5
RERS W35 DG @ 2R A P PERE . S 9R IMVRPT BTG PE . ST AL 55 26 T 10
DAl i J3T « Mazur-Kusnirek S92 fff 508 B, 75 5 5% T =il A A, HARRHE 0 200mg/kg
(1) VE 1 VE. ZMKIE &R A RGeS RS PUEIRES, s it S0 i
N, HEAFIMSCR R ERSRESEET N, SRR EEGT—%, YK
S TRDAR A PRI I H I A BRI ) I, VRN 2 5 VE IS G550 nT LR 3 PR A 3
PEN0], El-Senousey UM LR L, 1AMRF %M 78 VC. VE Fla-Bi R EE (1) 2 A 71 . 3 42
s T PRI S I, FEEAR T LR LPS 5 5 AL MO AR F 28 RE 4 A PR 7 (1 RIS TR
%, Ozkan SFUOSWF TR I, METAIME—RANN, TR VE WEAFIERS
PRSI GSH-Px FTEPERT GSH W EE 7 TR BE 4f . Leskovec SFU0SIF 57 A& IR,
FMEF VE Sl A1 VC S G mT 3 WL B o-2E B EREE, FREAGRECE IR
FE R B R B UL B AL IE ;. Leskovee HISB —WFstdit &I, SxIB4IALEL,
PLAMFIA S (VE+VCHSe) MR ETFHHREERK, MK+ MDA & & (K,
4= GSH-Px 3 M4 0071,
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4 FMRIBENSEX

FERE W ARG, FR5E B2 8 3 ) XS H AR AR a8 i A 2 10 7 2R
HEPRIAG A 7= DA B FRFE AR i (1 e KAk, (H B B AR 22 038 A A s H 2 2, 2020 4R B
JG, FRESLHIAH “EEPT” 5, LT HUAERNB R O~ TR RIS . TERNY
(AR =i R, DRI Bl ] R et Al 11 SR A 38 A o e 8 [ BELAS RIS I AR K TR 3R
ARG S AR HF A I T 30% 1 17 BB AR B BRACRE KV &4 T 20 R 107 R A 45 5
TR H IR, AR JE AT BE I AR XS AL R . A RIS B E A
AU AR, & AN Th BE 2L, SR H LS R, R A A M BN B
PRIk, A 36 3ok 1) PR RS HORR AR 8 i A 70 00 77 SO0 PRSI SR R, St g e,
ERE 7 BARPUERIIE.

EQ. VE. TP. SY SF#Sn[/E XS KIHTEAMFIRAE 5 —Hu 077 s fe
FHE 224 B B 2SS BV AR, 38 T AR SO A AN TR, T EL A — Bk 7
FHEBEAMSKIAGEH, MG RREIER, EBE —EWEMEE, Bz
g RS, R, A BHUEEAL A AT N B R A LA IR A T . BE AR,
AR 2 18] AT LA B AR OO, VC R ERY VE IfER, FRK VE 78
HPFRIAEE AR FE O, SRR FUR I, VE 5% MR ZIE. VE 5 TP Z 8.
VC. VE. TP =# Z [M¥FEE N FRER, HXTMm B s tgesmt, Fik,
SEPUEMNFEA T IZ MR AT 5.

AR B TE T S A BT PG A K P e LB A AV RE 3 THE FH . EQ
HERR S 2 m (Ig. & AKD M VE. TP, SY [If4", VE. TP 1 SY H{E
HNPIRE S BRI R N PTEAL, DLE R R R A PUA ], RAUET A S P
T 22 158 AL VS S8 S 3 5 1 T PRI XS A P P i O T SR A S AR

11
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Figure 1 Test technology roadmap
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-2Jemt 5 W R

F—F MESEANMENUTINRBERERERILIBE L
AL

Al &5

FEFRE TR, IR FRGE 2 JE B — 5y, Bl A 3R E B AR XS A 77
ToRBEMINR, ARSI AE N E T BRI L1k . PIXSEBEE, AUTHE RS H 5k
ZFME, WURECREE 2, PRI FR I RE ARG 25 ) R AE TSI, FRN i B 42
75 F PG = AR A AR, AN AR I SRS IR G TE ThRe, 16 AR EE T RE
AL, FWE TRV R E RIS A . REA RERPRCR, B & iR 15
WEER . RIGEDTISEE FE0, ITUANRARREREEH, A TERIRY, BRI
B0 2 JEEOREFH - PRI TRDRR A 030, AR AR OK R R AR B PR 2 S 1 s P AL
L, BRARPRIRS I AR K RS, soma RIS R AR P2 VERE . D 1 ek DR PRDAR RN B0 555 AT 2556 A
M3 R A R, AT R PR RS I B B PTG . TR B, TR TR I A AL
FUAA A LS B R Bt B A e R, i L T8 5 s v AL B s R4 SR s s e
PR B E RS, ARIGFIF EQ. VE. TP. SY 4l & &Pk,
DA IS AE It T 52, 38t [v) PRI PRDAR A s i 28 55 6 0 A A TR 5 ) AT ) A
P RE RN 25 i — E S PR 2

BN EE (ALD ERER RS SR, OUIEHLANSERL . HEEAN
(AST) fELIL MWHR P& Eim. EHEREZEMIEF, ALT 1 AST H)iFE
YR, SRR EFIEEEHER R, RAMNEE2HEEZWIENED
JRE RS o d . AR N I % g & B AE — s YO LA B TH e R (e ik 2 3 5T B
FEEAERKE LN, HU R OULSIUAHLUR AR, MRS K
A TR IR RS, R A S SR N Bk BB B A AR, R AE S MG
PVERT, XTIERYEEATHE . Wl AR AR EE R, Zh) iy H ok =
fig (TG)  SHFERE (TC)  m#EEMEE AR (HDL-C) DL E it H=
[t lE (LDL-C) )5 &2 W shP LA RE A6 5 55 1) 31 224845020, & & (1) TG A
BN IR E R, MiEH TG &2 5RITMUTIR . /R A%, TG
SR, RN I D7 7 g e g2, TC 25 Buls BiAH G IER L 4E4E &R D

13
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SR AT R B Ry, B 2 A AR 1 B R, LR 1 AR B AR L i
AR, mRMET TC & &R, =SBk E &R i, i
MEAEFE, AT B E R AN R MU, HDL-C Al LDL-C A 55 HLAA I i o 72
RN &AL IS A, LDL-C DK TC izfm®) 45, ERLSENR IR e,
HDL-C A2 4= 5 ) JE [ B 32 fan 21 AT AESEATAQUE, Bl g i AR, A1k HDL-C A1
LDL-C AR e e e 24 (R, PR A Py B a5 B 1 5 i o A QA 0 A
FE XS T ORUE RO A B A~ PR BT 2R o WEFCRI, AN VE AMUBERESE A
EVNRITUEM KT, I REA RISV AP RE A CONE (R B, 3R RiFLAR ALT A1 AST 5
B, fedta BRI, FEmPE . BRI AR B 5 B AR U, AR e LIRS Y
WA B, R U A G BT A0S PRI LT AR AL b B S e 4 (L B A

14
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LIRS 755

L1 R3S & B R

FBHPUEATAINIZR 1, EQ ML PHE TERBIR M A AR A A 52, VE.
TP. SY JFUB T IR LA B A BR 2 ml4R 1, RBadisibmiir g 2, X1, X2,

X3 Be A, ZE R 9 BRI INE R AE . St PR DR R A s TR KT LR 3.

= | ENRERIMFIMERE S
Table 1 Types and antioxidant additives

58 o4 IR ARl EE S HUAMFIF IR (mg/kg)
Xf HEAH — —
VE 41 YR E CHRUNIY 20%) 100
EQ 41 LR CH RS 60%) 250
X141 PR S PUAA 14l 150
X2 4 PR S PUA 2 41 300
X34 PR S PUAA 3 4l 450
R2 HBEESMENFIERK
Table 2 Composition of new composite antioxidants
H sy B Ry (%) A Gukg) PRE S ENRSA (Gt/ke)
ZEFEE (EQ) 19 50 10
KEWm (TP) 4 20 4.54
$4FRE (VE) 7.5 80 8
2 EEA (SY) 0.01 40 2
Ep3E 23 6 1.38
ey 19.3 0.6 0.12
ait — — 26.04
&3 B BRIARHER KR EFRKTE
Table 3 Feed composition and nutritional level of basic diet
i H 1-21 H# 22-54 Hi%
By (glkg)
E°K Corn 151.90 161.50
/N Wheat 150.00 200.00
MRALRE KV A4 Aged brown rice mixture 300.00 300.00
ZHl Soybean meal 266.00 186.00
[tk K . Extruded soybean 50.00 —
141 Peanut meal — 20.00

15
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JEAEA Sunflower meal 20.00 20.00
Lk DDGS — 20.00
T KE A Corn gluten meal 10.00 30.00
KA Rice bran oil 8.60 22.70
Fi ¥} Stone powder 15.30 14.00
£k NaCl 0.10 0.10
WEREAS (CaHPOY) 8.10 5.70
iR Rl Premix 20.00 20.00
41t Total 1000 1000
EIRKT

HEA CP (%) 21.49 19.50
FLe M EE (%) 3.32 4.16
RUEE ME (MJ/kg) 12.88 12.47
5 Ca (%) 0.83 0.72
R TP (%) 0.59 0.52
B AP (%) 0.33 0.28

E: () BRI AETRIAMREM: %4 % D 5000 mg; 44 E A 10000 mg; H4EE E 30 mg; H4EE K3 150 mg;
WEZE B190mg; HHEE B80mg; HAEE BSmg; HEE Be32 mg; ZEREE 18mg; MHER 30 g; PHER 0.5 mg;
H4% 3 mg; ] (CuSOs) 6 mg; $ (FeSOs) 60 mg; 5 (ZnSO4) 70mg; $& (MnSOs) 90mg; # (KI) 1.0 mg;
fifi (NaxSeO3) 0.15 mg
(1) premix provides 5000 mg vitamin D per kilogram of diet; Vitamin A 10000 mg; Vitamin E 30 mg; Vitamin K3 150 mg;
Vitamin B 90 mg; Vitamin B, 80 mg; Vitamin B2 5 mg; Vitamin Bs 32 mg; Calcium pantothenate 18mg; Niacin 30 g;
Folic acid 0.5 mg; Biotin 3 mg; Copper (CuSO4) 6 mg; Iron (FeSO4) 60 mg; Zinc (ZnSO4) 70mg; Manganese (MnSO4)
90mg; lodine (KI) 1.0 mg; Selenium (NazSeOs) 0.15 mg

(2) KRNI EE, AMEFRKFEEIZNE,

(2) The metabolizable energy of the experimental diet is the calculated value, and other nutritional levels are t
he measured values.

(3) BRUBERBE S AR, BERFERIER 98.82myke, BEETAHEFNRTS

(3) Aged brown rice mixture is aged grain with fatty acid value of 98.82 mg/kg, which is very unsuitable for preservation
12 REEHYSE
AR 1 HEARERT . SRR IRRAS 2880 X, BENL L 6 4N 4bFE,

SrANNIRL. VE 4. EQ4L. X141, X2 4. X34, HAn sAERE, B EE
60 F), I 54 Ko BRI ARG 1 HESIT 63 54 HESE R .

16
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1.3 HmXE

TRE5E 21, 54d, FAREYIEIAXG 8 RBtAT RS, RET R T —hil
RIIsE o ERIRER 21, 54d I, RRABEHLREN 8 RAAEEGL MRS HT B 5, RER
A MBI OIS, IS T -80 CUKAE R A7

1.4 I86REEN 575 7%
1.4.1 £KMEENE

RIS ZERIG UG (1 HIESHE) + 21d FI56 54d B, ids% 1 HISM 54 HIR IS &
B, PEPSRIBIER . e xS ARNFERE, PRSP HRERE (ADFD . K
I 21d FIEE 54d I, DLEEE (o) NHALFRE, MHME 160 X, 2hlitHE 1-21
Hid. 22-54 HES. 1-54 HIRFHHME (ADG) , HitE SR EL.

FSTTS =R B AR+ 100%

FHIH R &R (ADFD =kl E &/ 7% K

PEJHIEE (ADG) = CRE-MHE) /A7 KA

BIELL (F/G) =FHHREE T HEE

1.4.2 ZHEEGEMENE

RGP RAL IR & U B HERE A E . wR S T R U e
TRERF T

1.4.3 mEFEEISFRNE

KA BGH &, T RAZ IR & U B HERE A E, wCR & T R U e
TRERF T

1.5 BIEG TS 9
WREEAE ] WPS Office 43 J5, FH SPSS %iit#fd: (IBM SPSS Statistics 25) i3

ITgeit, R REERET 25 (one-way ANOVA) , T & HZ M2 EH BEE

17
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5, P<0.05 XonZEFEE, P>0.05 BrEFALE, ERUCFIME (Mean) FFRifE
R (SEM) ERx.

2ERS D

2.1 FHBE SMA XTI ABEKERERI R

M 4 7750, 5 EQ AN AL, X3 B EHE TN 22-54, 1-54 HIR K
ADG (P<0.05) ; SxIEAMLE, X1. X2. X3 48 EHFK T A 1-54 Hi 1 F/IG
(P<0.05) ,
F 4 FBE SREMFIN R K REAIRNE

Table 4 Effects of new compound antioxidants on growth performance of broilers

T H Hid/d  xHHE4 VE 4 EQ 4 X1 4 X2 4 X3 4 SEM P
IR (%) 1-54 90.55 91.33 92.50 89.83 91.33 88.17 0.64 0.467
1 39.73 40.33 40.07 39.93 40.00 40.13 0.12 0.836
AE (g) 21 460.09 47986  487.87  495.00 48270  494.23 425 0.157
54 224351  2303.72  2261.55 229541 237541 2360.22 15.2 0.073
o 1-21 32.92 32.94 32.93 32.75 32.87 32.94 0.30 0.985
FHHRER
22-54 124.29 126.99 123.61 124.83 127.96 127.29 0.71 0.424
ADFI (g/d)
1-54 90.12 87.88 88.01 88.39 88.75 90.38 1.11 0.118
) 1-21 19.12 19.42 19.21 19.54 19.51 20.41 0.7 0.520
P H M E
22-54 53.39¢ 55.62t¢ 5489 5609%  56.82% 5758 0.36 0.011
ADG (g/d)
1-54 39.60° 40.84%°  40.03>  40.780  41.78 41.75° 0.74 0.025
1-21 1.73 1.70 1.73 1.69 1.70 1.64 0.05 0.575
BlLE L F/IG 22-54 2.31 2.19 2.19 2.20 2.22 2.31 0.02 0.188
1-54 2.238 2.16° 2.16° 2.16° 2.15% 2.16° 0.02 0.019

x: FHITRBEAFESGREHEEFEEREERTEE (P>0.05) , FENFERIEREE (P<0.05) ,
T[El. Note: Peer data without letters or marked with the same letters means that the difference is not significant (P > 0.05),

and different letters mean that the difference is significant (P < 0.05), the following table is the same.
22 FHBE SMEMNFIN BT —FEEsRY R

5 rl5, 5 VE ML, X3 HEZRE TR 21 HE 2 i bEbg s (P
<0.05) ; 5 EQ4AHLL, X1 4. X2 4 21 HE X2 figy e bl i id Mk B E PRL (P <
0.05) ; SXHRZHAN VE HAHEL, X3 HEZFIRE T 54 HER NS g3 2EER 3G T

(P<0.05) .
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*® 5 MBS EMANTIX ST — EiRm

Table 5 Effects of new compound antioxidants on jejunal disaccharidase in broilers

TiH Hi#d/d  t#E4l  VE4  EQ4A X1 4 X2 4 X3 4 SEM P

HEWERE (U/mg 21 55.67®  32.40°  71.24°  31.76°  24.99 75.04 6.03 0.014
protein) 54 39.49 27.34 28.15 21.13 39.46 19.24 3.30 0.389
FLHERE (U/mg 21 3.32 5.42 6.25 2.90 4.07 5.48 0.56 0.450
protein) 54 5.25 5.09 8.10 3.69 2.07 4.79 0.98 0.740
FIERERE (U/mg 21 140.62 12055  149.07  103.52 94.65 82.55 7.99 0.095
protein) 54 212.91° 187.63° 228.89%  184.34> 239.51%  307.99° 1324 0.046

2.3 RS AT G ILIEE LSRRI

M 6 Al%1, 5 VE 41, EQ M i4IAHLL, X241, X3 HEERE T 21, 54
HEE XSG ALT &8 (P<0.05) , X3 HBEHE T 54 HIRWSIMER AST &
& (P<0.05) , X3 HEBEFCT 54 HB RS MIER TG, LDL-C. HDL-C & (P<
0.05) , X3HBERKT 21, 54 HEERXSIMER TC & (P<0.05) .
7 6 MBS SME TR A ILEE L IEFRAY SN

Table 6 Effects of new compound antioxidants on serum biochemical indexes of broilers

IiH Hi#t/d o R4, VE 4 EQ 4 X1 4 X2 4 X34  SEM P
21 0.90b 0.93b 0.93b 1.62¢ 1.69° 1744 011 0.011
ALT (U/L)
54 1.75b 1.43° 1.18° 1.43b 2.99 290° 020  0.002
21 26.84 18.71 23.00 21.34 27.48 1859 131  0.187
AST (U/L)
54 22.46% 25.03% 19.48¢ 22.03%  27.69° 35432 150  0.007
21 0.25 0.21 0.20 0.24 0.23 0.25 0.0l  0.691
TG (mmol/L)
54 0.36 0.48° 0.40% 0.342 0.28b 020°  0.03  0.010
21 4470 3.85%¢ 4.01% 3.38b 3.50%¢ 290¢  0.16 0.038
TC (mmol/L)
54 4520 4.14° 4.61° 4.05 3.69% 285>  0.18 0018
21 1.62 1.36 1.10 137 122 1.13 0.07  0.285
HDL-C (mmol/L)
54 1.68® 1.45° 1.93¢ 1.66% 1.62 098  0.08  0.002
21 1.44 0.83 122 1.13 1.10 1.03 0.06 0.104
LDL-C (mmol/L)
54 1.16° 1.012 1.06° 0.94? 0.90% 0.50>  0.07  0.048
Ad N
35718
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R A S B R B SRR I s B TR IME R, ISR AT AR . AR A
REH, X3HREFERS TG 22-54, 1-54 HISMFH H I E, mTRER X3 By ik
SRR N BRI B & B AR B, TR T FRCRERIR SR I B R, BHIE T
HARAE Ja i R A o R i g SN A, X3 AL AR N T b )it Re ke 2]
THERIRA B 2R, X IS EREE TR 1 DR3P AT PSR e A R RCR # Be df-o
WHFLRI, TR MR EQ. VE. TP, SY R LRY K E AR, FRARS N
Bosr A R, LR RS EACHT, PRARSIIRL A EE26128, - Amevor FK 2512
WHFERy], BRSNS AT VE WR 35 BGE XS AR I R S R R, H
WRE IR A o BLIEFESFISORT FUR I, TR RIS N SY AT VE R L2 4 v
RS RE R PERE . TR TR, TR RSN TP A1 SY RI 25§ 1 Sk 7 () 199 B
FRRE AR ARG RAIR L2 T, AT RE00 1 VE A EQ MFit AL,
B SRR X3 AL ARG A A RE T T R B4 o P35 H 48 E 42 e 1 )i
DX R e B T R S PR AL S 1) LSRR R ORI R R . TP VE R SY
AR ) B AR, A5 55 A =R AR SR SO R 2 TR A BT
AR, DRI T SR DRE N 5E B, B 1 i I DU A 7K TR A Bl 132 1331,
O T s Re E A, AT 1 AR AR JE S R AN RS I P 2 I
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ENPDNgrTE TCTR BN N, R B /) g PN B A 1 R R XSURE K i i
A REGHUATNT . RIEHLAA P ROREAC S I RE 5 WA BB R34, TR, TP fig
i 30 A R AR AT T R AR AL R AQ I T3ST, =R 57 PRSI TR M
TP RENS I 8 19 W Bl A0 22 2P WE R Ve e, BRI & & BRI 53R, 1]
BHRANIN 321U (1) VE BEWS 525 52 m W A i 9 — BB RS 1k . AT E R, 3h
PIraA R RN VE 2 51 i T8 B EE R RPN . AR FE R M, Tkl e s o
R SHURACGTIRENS 25 525 21 H e RAINS 25 i ERE AT 54 [ i PR 25 i 22 24 il i )
W, HEMAZ O X3 R R S PUEAGTIR R T RS IE NPT RCR . A T
XSl TE A BB, 2 R TER ) T B RS 5 EQ AL, X1 41,
X2 4 21 i AT 2 fi R R ol 1) 9 1P k25 PRI, HEDW mT ERE RO EQ A/ ¥ —, i
TE A R A5 Bl R 5 TR R A K SIS0 I B S 1t i 1 L A D — R B A O
VE 410 B 15 K FEAG T eSS A T R R R o0, sl oIt Fo R, PR s
N 80IU [ VE 2 i 3 P I 7 AL F) FREHE i 1
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