S IR 2018,30(7) 2791-2798
Chinese Journal of Animal Nutrition

doi: 10.3969/j.issn.1006-267x.2018.07.040

AEBELENENBEREEENNERARMLF
EHIERR BEREMELINEE R

BN EReke?t 4 vk mERMS Bem? s g
(L.PU NNV K2 Bh )& SRR ISR, R 611130, 2. ShIi0s & FR 20 0 B 55 S 56 55, Wil 611130,
3.1 R FEORAFGEET , AT 611130)

i E. AAREEMAARARARHAGRXZLEIXEDERAR T EEEDATEKRA L iFE
Ag A7 B AN E R I8 f A BT AL 69 R, 100 RAKE AR A 35 BE RT3 0 £ G
REMESASU(FURIONETEL , FATE2 R), 2 AARSHER FR.FHLEPAR, &
F 1A (C) A= 4 Al XA 4 (S25.S50.S75 A= S100, K 2.1 & &% 38 o A AR 2T B A4 P
25% .50% . 75% #= 100% B 75 ¥4 ) . R 20d, T5 15 A% 20 RAAAFHE 4 R A oK
Fo B ERENR BT, ERE T )RF IS XA LFRERATHNARE 27 (P<
0.05) gF, A4 PT il e 7 AACFEAR BR8] £ F R R F (P>0.05) ;2) Frml i 35 48 % & & 4118 34 &
R FEZF(P>0.05);3) T =3 M. = Ao B 56 BE P 69 4 B AL LB (SOD) | it &b &8s
(CAT) B WA oA %GR E G A(SIgA) e 4% 8 2(MUC2) A E &M ¥ L 2% £ F (P>
0.05) A2 ¥4k LmliX40 SOD A= CAT # M AHME LS5 T Ca, L2 S5048, TR, X Z
LEXERERPABRTEREED AT AKA Loy AL R @ h, Lok A48 5 i A

B A9 AE R L H R 50% 8 B AR LA

KR, KZLEXEL; hFd AL, Bl Lk, mEn AL, A KA L

& 4255816 X EAFRIRAD : A
R R AR EE, H F 2l E e 5B Ak
7N TR A SR, FR A i
= ARSI T IR G AR R, & A T R
BT PR IT RGP AR O (B0 e 2 e 1 SR Sl
R e HA B S, R — A KA
D3 S ) 2 e I B B A A W, DR AR R B
FEIH RS A A N AP DR A D fe]
87278 O 1SRRI I S hE 1S SUNE 2o SN U e
FIAR) A 37 53 BTG MRy (I UK R
ZWA EEI M) TR EEDY EHNE
PR RO S KR P W i RS ) (K WS
B RHR) AT ARAR RAR R AR R e

I #5 B #8:2017-12-09

T EHS.1006-267X(2018)07-2791-08

BT B A Rk B B R AT R B A
FRMLAG , 2558 8 0T B B0k 921 R 22 f e
T B B /N BRI 8 AT 2RO 4
SR TR B IR Y AR A RS A
PR AR 5 B Ab, BB R et
ZEPORURI O T AR R (R B ) B
RN A GTEAL AR BB e et Bk
B URIGE AR O AR A (/N B SO B
ST 5, AR, I AR UL R TR X K
G BRI RERE 0 A e, A TR A I A WF S 4
REW T AR A R, KR IR RS IR i E
e HONA P PERE AR HEIR L 3R 4> R AL

EETE 14 RHE ST H (2016NZ0002) 5 PO A K2 X7 i) 5 5
EEEN . H KI(1974—) 5B ERBITA, B8, W+, FENFERRE R SR SA VS . E-mail: tgang2008@ 126.com

= B MkIEE



2792 IR/ S 30 &
RMEEPERE A, ol 58 B UE RN RER I ACH AR T i W 75 a0 M ORr 78 22 3 SR BEPL > 5

HE AR OB DR, AR ALY A R AR A
for B UIRE IR 25 B Mg G 5 TR AL D RE T I, 2
— B R R RO A A b 2 15 X A
KARA AR, 5 78 2 oF o R 28 3 e
FOBME A HOR B AR AL AR R BORE, R
i R R 25 TR Sk AR T

1 #REFE

H(HHI10NEL, BIEL 2 H), 5565
Fi 25 HE [ THALRE (DE) 11.28 MI/kg ] 55 & [ HLEE H
Ji(CP) 175.0 g/kg . % 2F 4k [ M £F 4 (CF)
171.4 g/kg ] BURLARI AR, AL 1 b X BRRAR (C)
R PR L1 TR Ry 43 ) R AR R BE AR AR R 25%
50% . 75% F1 100% & 1& 518y 1Y 4 o I 1k 48] KL
(825,850,875 F1 S100) , i 56 4] 4 2 )il % 8 5+ 7K
1, K 29 d,
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*1

Table 1

R ARAMREFKFE( FURER)

Composition and nutrient levels of experimental diets (DM basis)

%

WiH 2H 4] Groups

Items C S25 S50 S75 S100
JEB} Ingredients

KELE SRR

Coix lacryma-jobi cv. Daheishan meal 4.00 8.00 12.00 16.00
E 5 Alfalfa meal 16.00 12.00 8.00 4.00

Tk Corn 21.41 21.22 21.07 21.12 22.43
KM Soybean meal 15.34 15.69 16.21 16.80 17.66
/NF %k Wheat bran 22.32 22.29 21.78 20.93 18.47
4i B Rice bran and hull 9.07 8.87 8.74 8.63 8.57
A£ 5% Peanut hull 8.96 9.01 9.08 9.19 9.49
KIZH Soybean oil 3.01 3.15 3.37 3.58 3.64
BIR S 45 CaHPO, 0.40 0.40 0.40 0.40 0.40
{1 % Limestone 1.50 1.50 1.50 1.50 1.50
B NaCl 0.50 0.50 0.50 0.50 0.50
L& R PR EL L-Lys - HCI (98.5% ) 0.09 0.05 0.03 0.03 0.02
DL-E% B DL-Met (98.5%) 0.40 0.32 0.32 0.32 0.32
iRk Premix" 1.00 1.00 1.00 1.00 1.00
43 Total 100.00 100.00 100.00 100.00 100.00

B 57K Nutrient levels”
H1LAE DE/(MI/kg)
MEMA T CP

M4 4: CF

rh VP4 4 NDF
FRIMEVE 4T 48 ADF

11.28(11.07)
17.50(17.22)
17.14(20.49)
34.81(36.34)
21.22(25.52)

TR VEVE AR T % ADL 7.19(7.96)
£E Ca 1.05(0.97)
M TP 0.59(0.49)
B %R TLys 0.89
MEER TMet 0.62

11.28(11.32)
17.50(17.42)
17.14(19.87)
35.15(37.60)
21.22(24.58)

11.28(11.43)
17.50(17.43)
17.14(19.65)
35.37(36.41)
21.23(24.57)

11.28(11.39)
17.50(18.13)
17.14(19.42)
35.49(36.71)
21.23(25.00)

11.28(11.03)
17.50(18.01)
17.14(19.66)
35.21(36.39)
21.22(25.00)

7.11(8.13)  7.05(8.03)  6.98(8.09)  6.94(8.09)

1.05(0.95)  1.05(0.95)  1.05(0.97)  1.05(0.99)

0.59(0.53)  0.59(0.55)  0.59(0.53)  0.59(0.49)
0.89 0.89 0.89 0.89
0.62 0.62 0.62 0.62

DR RN T S0 AR AL Premix provided the following per kilogram of diets : Fe 30 mg, Cu 6 mg,Zn 35 mg,Mn 8 mg,
Se 0.05 mg,Co 0.3 mg,1 0.4 mg, VA 6 000 TU, VD 900 IU, VE 15 IU, VK, 1 mg, =4 % biotin 100 pg, JAHK choline 100 mg,
Mk EE pyridoxine 0.5 mg, #% % & riboflavin 3 mg, VB,, 9 pg, MR niacin 35 mg,7ZfZ pantothenic acid 8 mg,

DS AN A, 355 N N SIN{E . The calculated and measured values lied outside and inside parentheses, respectively.
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1.2 HRIXESERNE
1.2.1 Iy T bn

WIS 15 RS 20 R RZFERERRE,
AR R 4 R4 RSB RE M3y,
DSR2 5 mL, 4L AAS & P eI 1) B 45 2R
M4 v, %5 18 #% & 30 min 5,3 000 r/min &[>
15 min; IEEFH 4322 1ML 3E , —20 CIRAT,

KA AN ESEA HEH KEH &
FEMRED B EREA REEEEAS =
LR A 8 3% P 5 R FH JHE At AR 1 7 3k 0 IR A
(W) 208 ( OB L ) | B IE & B 5 i (i
Bo) KA TR i g (R R ) A B (R
) AN B Rl O (IR o DA R AR R AT
P4 A& T N BB B R 2 IR cobas8000 ¢702
RUA A BTG 2
1.2.2 k&S AH X

5515 KM 29 RS EARE R ILE R 3hY,
2 M8 Blasco 2% WY )7 ¥E B 5 ) o B T
B RELIE | B AR ] 5 RN 1B /NS O FR DL R A
BRI A AH X

JIE 2R AR (% ) = 100x 88 B H (g) /IG IR E (g) .
1.2.3  Jpifi s K hiE L dE bn
M 15 RIBESEMEhY 8+ 468 2= A

*x2

[\ 87, 43 A2 10 em K ) B B 5 A BRER K whisk
WA BN AW G, TR 5 40 I s B, Of4b
BT oKAs L U AU T 2 4K A, 3k R
WAEENR . R A RS D, G R E, BRA
LR AE, F T2 T 3 48 A 8 A A W I Ak il
(SOD) Filjzk 8 Ak & i ( CAT) 3 1, SR JH B ot d ik
A= ATE 2 BT 0 R T 5 s TR A i R AR
FH A(SIgA) FiIghEH 2(MUC2) & &, R A FifEE
I MR A RS A I G e A e L
A BRGNS U AT
1.3 HIERESSRITHH

BHE 28 Excel 2013 40315, H SAS 9.2 Fiit#k
A7 B K 5 22 43 87 A Duncan [GEE £ & A
P<0.05 X/REFBFE P>0.05 FREFALE,

2 &% B
21 REBLUEBENEMEREETEPTEKRKAR
I 7 & ISR A BN

M2 2 AT 0L BRES 15 KAV IR R A &4
[ 2 22 5% (P<0.05) 4b, H A B i i i 4= k45
FRAS 41 0] 34 J0 8 35 22 53 (P>0.05) 5 MR L5 15 K
IS PR 2 A& AN B B s T C 4, Ho
$25.850.S100 40 5 C 4125 7 2 ( P<0.05) .

AR E L Bl X B L E SR E S AR E K AR B MEE LR

Table 2 Serum biochemical parameters of growing rabbits fed diets with different proportions of

Coix lacryma-jobi cv. Daheishan meal

WiH s [ TR Diets Pl
Items Time C 325 S50 S75 S100 SEM P-value
MEH %15 K Day 15 50.58 51.48 54.03 55.65 51.20 4.84 0.545
TP/(g/L) %520 X Day 29  55.95 56.43 51.25 54.55 56.20 4.74 0.530
HEA % 15K Day 15 44.75 46.35 46.68 48.15 45.78 4.36 0.855
ALB/(g/L) %5 29 K Day 29  48.30 46.88 43.80 47.53 45.65 4.72 0.606
REH %15 K Day 15 5.83 5.13 7.35 7.50 5.43 4.86 0.930
GLB/(g/L) %5 29 K Day 29 7.65 8.47 7.45 7.03 8.23 2.05 0.886
IRER %5 15 K Day 15 3.97* 5.46° 5.29° 4.68™ 5.85° 0.72 0.033
UN/( mmol/L) %5 29 KX Day 29 4.16 5.06 4.88 5.01 4.61 1.44 0.897
Gikapi %15 KX Day 15 8.13 7.31 7.41 8.14 7.39 0.55 0.104
GLU/( mmol/L) 2 29 X Day 29 8.14 8.17 8.17 8.55 8.14 0.78 0.930
S [ % 15 KX Day 15 1.59 1.23 1.75 1.74 1.69 0.44 0.456
TC/( mmol/L) % 20 X Day 29 1.52 0.89 1.35 1.49 1.37 0.46 0.446
EEREEEA % 15 X Day 15 0.66 0.54 0.61 0.62 0.79 0.21 0.574
HDL/( mmol/L) %5 29 K Day 29 0.63 0.54 0.57 0.56 0.40 0.24 0.721
{1535 1 e 2 1 % 15 X Day 15 0.74 0.51 0.91 0.91 0.79 0.42 0.661
LDL/( mmol/L) %5 29 K Day 29 0.56 0.34 0.63 0.69 0.74 0.28 0.348
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WiH I 7] T # Diets Pl
Items Time C S25 S50 S75 S100 SEM P-value
WA B 2 1A % 15K Day 15 0.19 0.18 0.23 0.21 0.11 0.15 0.834
VLDL/( mmol/L) %29 K Day 20  0.15 0.10 0.15 0.25 0.24 0.11 0.269
A TN s 5 ity %515 K Day 15 51.78 48.80 54.45 59.67 45.00 10.64 0.514
ALT/(U/L) %529 K Day 20 38.48 41.83 50.20 54.28 47.28 13.97 0.530
BB % 15K Day 15 29.70 32.33 22.50 31.10 25.95 13.58 0.839
AST(U/L) %529 K Day 29  25.55 32.15 22.03 42.30 31.53 13.78 0.451
Tl T Tl P %15 K Day 15 142.10 160.37 129.00 157.87 171.70 25.42 0.271
ALP(U/L) %5 20 K Day 29 172.80 150.40 176.57 183.60 178.10 25.73 0.476
JULTE 3 it % 15 K Day 15 528.00 601.67 478.00 582.67 441.33 230.95 0.892
CK/(U/L) %5 29 K Day 29 309.75 347.50 285.25 368.67 405.00 87.40 0.436

)45 B8 J8 AR G 7 B s ) 7 B 2R 2 R B3 (P>0.05) , A RV/NG TR R 2 57 535 (P<0.05) . &R,
In the same row, values with no letter or the same letter superscripts mean no significant difference ( P>0.05) , while with
different small letter superscripts mean significant difference ( P<0.05). The same as below.

22 RELENEMBREEENNERKAR
Bt 25 4E X E Y

2% 3 AT, £ 2 IE) 56 15 R ANEE 29 KT

®3 ARTEEGXBLENEGRARERKARHMERENE

Table 3 Organ relative weight of growing rabbits fed diets with different proportions of Coix lacryma-jobi cv.

B OFHE B S e A B AR X I R R
(P>0.05) .

Daheishan meal %

WiH s 7] T # Diets Pl

Items Time C 525 S50 S75 S100 SEM P-value
B A % 15K Day 15 1.27 1.30 1.39 1.35 1.45 0.13  0.331

Relative stomach weight %5 29 X Day 29  1.31 1.31 1.54 1.45 1.44 0.14  0.080
JH R AR ) % 15K Day 15 2.67 2.52 2.78 2.81 2.52 0.24  0.270
Relative liver weight %5 29 X Day 290  2.83 2.87 2.95 3.18 2.92 0.28  0.370
B AR X %515 K Day 15 0.70 0.75 0.80 0.75 0.71 0.16  0.900
Relative kidney weight %529 K Day 29  0.67 0.75 0.71 0.72 0.73 0.14  0.906
IBR JFE AFE %o %515 K Day 15 0.06 0.07 0.07 0.05 0.05 0.02  0.513
Relative spleen weight %529 X Day 29  0.06 0.07 0.06 0.07 0.06 0.01  0.327
60 R A ) % 15K Day 15 0.27 0.20 0.23 0.25 0.23 0.24  0.270
Relative thymus weight 229 K Day 29 0.20 0.22 0.21 0.21 0.21 0.04  0.905
5] 5% A X T 2515 K Day 15 0.42 0.38 0.38 0.36 0.37 0.08  0.897
Relative appendix weight %529 KX Day 29 0.34 0.39 0.35 0.32 0.38 0.05  0.275
(B3] /)N AF G % 15K Day 15 0.12 0.11 0.10 0.08 0.10 0.02  0.271

Relative sacculus rotundus weight 25 29 X Day 20  0.12 0.14 0.11 0.10 0.11 0.04  0.081

23 XELEVNEMBEREGEMNEKAR
718 & fin | ThBE A &2 M

2% 4 IR 5 FT AN, 25 2 1) 45 /N B i v 1)
SOD Fl CAT i & SIgA Fl MUC2 & #3108
Z 5 (P>0.05) ,{H 24K X 41 SOD FI CAT i

PEFERUE s T C 41, JuH 2 S50 41, Ah, h4h
Rerid A [F /N7 Be b v SOD Al CAT i
ZRK HTE NS >t >0, 5 & A+
—HBm>amAE g,
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F4 ARAELFXBLUERXESEREKAZ/NFRFERE SOD 1 CAT iF 1t
Table 4 SOD and CAT activities in intestinal mucosa of growing rabbits fed diets with different
proportions of Coix lacryma-jobi cv. Daheishan meal U/mg prot
Wi g WA A ¥R Diets Pt
SEM
Items Part ¢ s25 S50 S75 S100 P-value
+ =35 # Duodenum 55.19 56.05 56.72 55.70 56.21 5.80 0.997
A LI L SOD 22 [ Jejunum 75.92 75.03 77.60 74.50 74.87 4.08 0.839
[ % Heum 26.58 26.60 27.42 26.90 25.13 5.42 0.987
+ %5 Duodenum 44.92 45.43 47.36 45.11 46.43 3.92 0.895
TE L ARE CAT Z= % Jejunum 26.97 28.17 34.64 33.49 28.83 7.51 0.644
[ % Teum 30.91 32.20 35.92 34.44 33.13 2.56 0.164
*5 EARAELGXBLERNERARERARNNGRE R SIgA 1 MUC2 28
Table 5 SIgA and MUC2 contents in intestinal mucosa of growing rabbits fed diets with different
proportions of Coix lacryma-jobi cv. Daheishan meal
WA A M Diets Pt
SEM
Items Part C 525 S50 S75 S100 P-value
1 A i + %58 Duodenum 275.44 287.22 297.82 289.97 288.89 18.26 0.556
BHEH A 7= Jejunum 313.37 312.31 332.46 309.82 316.44 19.11 0.513
SIgA/(mg/L) /% Heum 304.33  308.85  309.64  297.09  306.45 24.23 0.949
BE 2 T+ 461 Duodenum  4.80 5.07 5.08 4.97 4.97 0.68 0.979
Rl p— .
s 5.1 5.22 5.32 5.10 5.02 .59 0.9
MUC2/( pg/L) 251 Jejunum 5.15 5 5 5 5 0.5 66
[ /% Tleum 5.26 5.34 5.55 5.26 5.21 0.28 0.571
BT 22 5 R UILIE R BEHLAE R 2

3 % 8
3 XBELENEMEBEREEERMNERAR
I i £ LR AREI R

ML 2B A8 B AT S R sl 490 A P ) 40 T £
FCH AR B I HLREIR S AR AL A L B,
e ne g BRI AR RS PO EALINEd S N 4 = D
AR BT HIE | R S 5 T e B4 L 3 2R K 46 AR G
W E RS R R R L RO B A ROk A
AR N R A HLRE , 245 R 5D
YOy T ARG W 1A 0 ) (I S G e e A T
N R BB R ) o B R () T 4
AR AH 5 A 7 M R AR BEAR LR &5 R 51

AR, 55 15 KA AY I R R A A R
i T AR AE AT BE 5 AT R AR R S TR
A G (HEVARE S ML BRI AL R A ) o I
TR R B 5 X IR A A Y T AT R RO
JT I SR KT R LT AL R g i T e A
PRISLIA A i A 98 2, 7838 0Ll R URGE
{EU AR AT 9 A PR RE A FEAR DL R, 45

FIA R,
32 XELEVNEMBREGEMNEKAR
R 25 tHX) B & 7 18 S Ff | L TheE M 2 i

s AH X R S E B AE Y E R —,
AR eSS REAR S AR & B, 4l
(1) JE 25 FH X B 5 0 Bl TG B 3 25 S R R R
T RO R AR S TE OB AN e AR K S 1) T R
A BXGFE O ZEU R SR R
R ER BN BRI VI N 5 e i 55 U 25 AF X B
(R AR — 3 H S T R R B ok
B B-IWIRS LA  X KRR /D U 7% 28
A TC .3 52 W) 1 i T8 AR A [ I 5 A= 7 v R
BRI B 25 Pt — 3

SIgA JE 7 B I rh () — Fh P44, X 0% 25 B 4
REMAEFEE R SR EEMEH . MUC2 EmEh
W) 10 32 B B A3, A 0 8 R e I O 4P R B B W
M R R AEE P A EEE X RRR
KB, MR 3 4>/ Be g b (%) SIgA A1 MUC2
Prim BN R T W 2 S, RSB L R
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Effects of Replacement of Alfalfa Meal by Coix lacryma-jobi cv.
Daheishan Meal on Serum Biochemical Parameters, Intestinal
Immunity and Antioxidant Capacity of Growing Rabbits

TIAN Gang'® LU Yuanyuan'?* YU Bing'® XIANG Sumei'? ZENG Huijin'?*
CAI Jingyi'? ZHOU Shufeng’
(1. Animal Nutrition Institute, Sichuan Agricultural University, Chengdu 611130, China; 2. Key Laboratory for
Animal Disease-Resistance Nutrition of Ministry of Education, Chengdu 611130, China; 3. Maize Research
Institute , Sichuan Agricultural University, Chengdu 611130, China)

Abstract. The objective of this study was to investigate the effects of substituting different proportion of Coix
lacryma-jobi cv. Daheishan meal for alfalfa meal in the diet for growing rabbits on serum biochemical parame-
ters, organ relative weight, intestinal immune and antioxidant capacity. A total of 100 weaned New Zealand
white rabbits (35 days of age) with similar body weight were randomly assigned to 5 groups with 10 replicates
and 2 rabbits per replicate. Rabbits in 5 groups were fed isoenergetic, isonitrogenous and isofibrous diets, in-
cluding 1 control diet (C) and 4 test diets with 25% (S25), 50% (S50), 75% (S75) and 100% Coix lacry-
ma-jobi cv. Daheishan meal to replace alfalfa meal in control diet ( S100) , respectively. The experiment lasted
for 29 d. On the 15th and 29th day of the experiment, blood, tissue and organ and tissue samples were collect-
ed from 4 rabbits for each group. The results showed as follows: 1) there were no significant differences in se-
rum biochemical parameters among groups ( P>0.05) , except for the urea nitrogen content on the 15th day
(P<0.05). 2) Organ relative weight of rabbits in five different groups showed no significant differences ( P>
0.05). 3) No significant differences were found on the activities of superoxide dismutase ( SOD) and hydro-
gen peroxidase ( CAT) and the contents of secreted immunoglobulin A ( SIgA) and mucin 2 (MUC2) in duo-
denal, jejunal and ileal mucosa among groups ( P>0.05) , although the activities of SOD and CAT for four test
groups ( particularly for S50 group) showed generally higher than group C. Collectively, Coix lacryma-jobi cv.
Daheishan meal can replace dietary alfalfa meal without negatively affecting physiological function and slightly
improving intestinal antioxidant capacity of growing rabbits, especially better when the replacement proportion
is 50%.[ Chinese Journal of Animal Nutrition, 2018, 30(7) :2791-2798 ]

Key words: Coix lacryma-jobi cv. Daheishan meal; serum biochemical parameter; intestinal immunity; intes-

tinal antioxidant; growing rabbit
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