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PORFLBEARAE RS MY M T e ) Z
FH WS W8 35 07 T 30 U HOR R R 5 1
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REMKIAEMAELERB, HEAEEXB, AWE.Z
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PEATHESE TS OK A I 25 i, I 2 2 2 G AR
RAORFL A R A KA RE 2 DI RE BT 4A M
AEST B ARG H X B M WU E A RS2, DUOT
Je—Tfte g RUE | Akl T4 ) S A2 4
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1 #MRlEFRZ*E
1.1 RIiEt

R A5 PR 25 0 e i W 03 5 A K AR A
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FE AR IR V(R TAY R WG o %, 5o
HERG ORI E ) 2R B i T I0E o B v 43 A
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Table 1 Setting contents and measured contents of vitamins in multivitamin nanoemulsion

i H Items

it & Setting content

2 A EL

il 2 & Measured content

B PEYE: & Fat-soluble vitamins
#EE A VA/(IU/mL) 6
4% D VD/(IU/mL)

#i/-E E VE/(mg/mL)

JKEPEYE A & Water-soluble vitamins
4k & B, VB,/(mg/mL)

#i4-#% B, VB,/(mg/mL)

JH % Nicotinamide/ ( mg/mL)

1Z FR%% Calcium pantothenate /( mg/mL)
JIE#, Choline/ ( mg/mL)

¥ E Biotin/ ( mg/mL)

000 6 982.61

900 724.80

50 48.17

2.23

2.04

50 43.77
20 —
200 —
0.1 —




1046 IR/ S 33 &
JLR AR O IR B b FECRORORE, L R R 2,
®2 ERiARAMREFRKE(RTEM)
Table 2 Composition and nutrient levels of the basal diet (air-dry basis) %

JFkl Ingredients £ & Content B 5K SE Nutrient levels® & Content
Tk Corn 25 H1LAE DE/(MI/kg) 11.48
F KBz Corn bran 25 MR H T CP 16.20
=M1 Soybean meal 17 ML 4E CF 7.80
KH Rice bran 15 HE W EE 5.30
/NZ#: Wheat bran 12 EHA MR Met 0.24
HTEEK Alfalfa meal 1 R Lys 0.71
TR KL Premix"” 5 EAR+F AR Met+Cys 0.51
11 Total 100 5 Ca 1.91

W P 0.55

1) X BR2H WIR R o] S 45 T 5 fl # #2 4t The premix of control groups provided the following per kg of diet; VA 6 000 IU,

VD 900 TU, VE 50 mg, VK, 2 mg, VB, 2 mg, VB, 2 mg, }Z 245 calcium pantothenate 20 mg, MM LN nicotinamide 50 mg, JHA
choline 200 mg, 44 % biotin 0.1 mg,Fe 90 mg,Cu 20 mg,Zn 70 mg,Mn 10 mg,Se 0.3 mg,1 0.2 mg,Co 0.15 mg, FFL M BE
clopidol 4 g,Ca 18 g,NaCl 3 g, iRE4H R K v A4 T 5e AR 24t The premix of experimental groups provided the following
per kg of diet:Fe 90 mg,Cu 20 mg,Zn 70 mg,Mn 10 mg,Se 0.3 mg,1 0.2 mg,Co 0.15 mg, 5 ¥ ML BE clopidol 4 g,Ca 18 g,

NaCl 3 g,

2) B IR B (E ., All nutrient levels were calculated values.

1.2 REHMEHAE

IR R R AL G 5T, BEER 30 H %
Wty | A T 42 3 A {8 e 150 K, BE ML AT R 5
HEA3IAELZ, BAHER 10 H (AR
1/2) B g5, Hodhxt B T md & 4k R
(100% 5 F=FRAE ) WBURL R K ARSI N & 4k
BT R BRI 4] MR 5 2 A= R (100% 5 57
FRifE ) PACRLARL , UK Fh s in ik iR —-80+H =B (5
I A EBCE) 2 [ PR AN S 4 R 1Y
WORLEL , POK a8 SRR ME 80% 1R A 4R
RYOKRFL ;g0 2 T MRS 75 2 28 R A Uk R IR
KRN BB TR UE 100% 1 52 A 4eE Z 9K AL,
TR 4TI ] PR AS 35 4 A 3R S0k RE, ARK H s
BRI 120% M E SRR, 5
Jy6l d, Hh i 5 d, IFidi 56 d, 5
FEAE H MOREETEE 1k oK I3 TR B, B i # R
210 mL B &4 Z90Kk L, SR IE R #fiA ik
KRS P K Mg v I FEAT R OK I, H OB OK AR
i1 REREEMEHASTHE A4 R0k 3
s A AR N .

BEYEE R YORFLA N (mL) = /i 1 K1

FKEE(kg) x T EFRRUERE T,

1.3 HEX&E

RIGLE NG, WA E P REPLBEERA B
21 1,330 B, S B AR E G B2, 4 B AR L

fE FFAE J51 28, T EE R 4 O E R 1L 5 mL,
R IG T80 CLRAF, I %2 1MLV e 9% 48 b
BT A AL T8 B 2 5 BCIE] i b B, 48 8% R ) O
JBE 3T 1.5 mL 208, A R R -80 C I}
7, T00E M JE R S e 48 br . 1l i | 45 58 40 21
B3 em, A BRER K VRV IS T 4% 22 B8 S 1A 2
24 h, AT IHEHLUE S WES 45+ 5 W Wi, BUE
WA 10 mL , BRI VAR IRAE , T 00T & TR
1.4 $EHRIZE
1.4.1 AR MRg e

B R R b OB TR T 1 KT A A AR A
FHEAEEEWAN R REENEY A RERE
( ADFI) ; IEIRI55 1 REBIRIGEE R, 4 2 AR R
MEAREIIC RS RS aER T ESEHEEI MR
(AR E RS- 24 H 3 & (ADG) s iR 4l 3 H R &
WA H B, T A R R R L
(F/G), WHiCFRA®BEE ST, i+ 5 1E

JEVE % (% )= (155 P IE TS i o
B R 58 2 L) 1005
MEVEHET - (% ) = (I B N IE TS T S8 T MR
LB R IR K ) %100,

1.4.2  SPELRE T ORI 58 4 B I

FH R V- X M Bt | B | JHF O 305 45 FR B, T H AR A
RE e B0 RO g ] s K
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G tn B B = e B L/ AT
1.4.3  RBESEBR PR LR AR I 2

G PE TR AR LTS MRS e BREE 11 A (TgA) Al
BREE M(IgM) sEEkE [ G(1gG) Flnl iz b 5
Iy REER H  ( SIgA) 5 i, YU AL TR AR L 4
ML N % (MDA) & i |8 E Ak P11 fL i ( SOD)
W P AL ST (T-AOC) . AT A5 484524 % 1
T fe 28 W FRH R 35 ( ELISA) v: 0 2, i & W T
A A YRR A BR A ] BRI 2 TR S
VLA BT,
1.4.4 iSRS ML

[l iy ] 5% 4 2 A PR AR K kv 5 FH 4% 22
S A 24 h J5, wfoK B0 BETRORS 7K L — H R
B A A b 35 WAE A IS YT R, DL 6 wm 1)
JEEEVI R, B IR ARG 2L (HE) Bt )5 T W
BRI M i 9 E A BRI RS S
FE/BREREE(V/C) o TE Al s T WL ml iz
12 T 100 A4S B2 AR B Rz 40 ik B 41 g
FUMRR 20 At %5 H , BB 2 AR B2 A ik O 240 it fn
PR 41 i EE A3

1.4.5 FHHHEEE DNA $2 805 2R

H I ERHE DNA $EBUR £ B 0E 20 Bt i R 2
U5 AR TE L
1.5 HiEKESHSH

R SPSS 22.0 #F X B s 3547 77 22 41
Mr, I3 % 1] Duncan [ % % 4% 20 B0d k47 2 & 1
B ERFEE AR EZE TR,

2 & R
21 RKPHIEMEGHEEZTMKRATEKM %
4K ERERI RN

23 5,50 1~28 K, N4 [ /Rl E L
A, BEM TR A T (P<0.05) , 5 H A2 2% &
AN E(P>0.05) ;% B4 T ARG 4 T (e 75 R
FETESET- R B EM T XA I (P<0.05), 58
20~56 K, R4 AV H R EH B E|KT
XTHEZH 1 (P<0.05), B R (55 1~ 56
Ky RE L T 72 H 9 s, R 19.27 g/d,
B E TR 1 (P<0.05) , HAh 48 b 4 20 7] 2%
SR (P>0.05)

R3 SERHERMRIAERMEER TR

Table 3 Effects of multivitamins nanoemulsion on growth performance of growing Rex rabbits

i H XF R4 Control group 52 Test group

Items 1 I 1 I Il1

%5 1~28 X Day 1 to 28

F¥HRE® ADFL/(g/d) 58.63+12.66  60.37x11.77  60.53%x11.31  60.08+11.03 58.98+12.56
SEHH I E ADG/(g/d) 20.09+5.62 19.32+3.21 21.58+3.52 19.46+3.57 19.53+3.83
HEL F/G 3.01+0.12" 3.04+0.15" 2.79+0.11° 3.10+0.16 3.03x£0.10"
{5 2% Diarrhea rate/% 26.67+5.77 6.67+11.55" 6.67+11.55"  10.00+10.00® 16.67+5.77%
MEY55ET-3R Diarrhea mortality/ % 26.67+5.77" 6.67+11.55" 3.33+5.77" 6.67+11.55" 13.33%11.55®

%5 290~56 K Day 29 to 56
FH#HR B ADFI/(g/d)

64.15+13.06"

67.11+21.80"

61.43+15.24"

60.82+12.97"

59.72+11.85"

SFH H I E ADG/(g/d) 17.12+3.13 17.39+4.13 15.88+3.82 16.62+3.77 19.99+4.01
BlEH F/G 3.56+0.25 3.73+0.54 3.56+0.30 3.66+0.21 3.55+0.30
Jf§ {55 Diarrhea rate/% 0.00+0.00 0.00£0.00 0.00+0.00 8.33+14.43 3.33+5.77
JEVSET- % Diarrhea mortality/ % 0.00£0.00 0.00%0.00 0.00£0.00 8.33+14.43 3.33%5.77
%5 1~56 K Day 1 to 56

X H R B ADFL/(g/d) 62.79+18.20  61.68+13.24  62.31+12.30  60.27+14.48 59.88+12.75
Y H M ADG/(g/d) 19.01£2.11*  18.55%+2.61®  19.27+1.61*  17.92+1.82° 18.34+1.87™
BLE L F/G 3.22+0.16 3.33+0.20 3.15+0.18 3.29+0.11 3.21+0.04
W Y52 Diarrhea rate/% 26.67+5.77 6.67+11.55 6.67+11.55  16.67+20.82 20.00+0.00
& T53ET- R Diarrhea mortality/% 26.67+5.77 6.67+11.55 3.33+5.77 13.33+23.09 16.67+5.77

AT B AR L TR B RN G PR R 2R A EE (P>0.05) , RE/INE TR RER BE (P<0.05) , AEKEF

BRI EE (P<0.01) . &I,

In the same row, values with the same small letter or no letter superscripts mean no significant difference ( P>0.05) , while

with different small letter superscripts mean significant difference ( P<0.05), and with different capital letter superscripts mean

significant difference ( P<0.01). The same as below.
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A, R RE SRR A T 125 8F(P<
0.05) ,BIRKEEGXT AT AREHT =257 8 F
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Table 4 Effects of multivitamins nanoemulsion on immune organ indexes and appendix length of growing Rex rabbits

Wi H Xt R4 Control group I 4H Test group

Items 1 1 I m

M 45 £ Thymus index/ ( g/kg) 2.98+0.84" 2.28+0.63" 2.05+0.48" 2.12+0.39° 2.38+0.48"™
JLHE +5 %% Spleen index/ ( g/kg) 0.43+0.09 0.34+0.06 0.34+0.06 0.3820.11 0.37+0.06
FFAEFE L Liver index/ ( g/kg) 28.25+4.59°  31.80+5.65"  35.63+3.57°  33.56+4.19® 35.99+6.88"
5] 2K ¥ Appendix length/cm 9.42+0.69" 8.12+0.74° 8.85+0.59" 8.35+0.65" 9.08+0.59"

KA ek gl K S AR KO G it T & [l i
I ERE S B A LR 5, XTI T A9 i
W 1gG i e E I8 F H A4 (P<0.01) , [A] I X

PR i IgG T EFEM T LEmA [ (P<
0.05) , XTHEZL T IRl B A SIgA S W& T
WA 1T (P<0.05)

RS5 EARERMARAMERMEMNER DERHRRRIKES BN

Table 5 Effects of multivitamins nanoemulsion on immunoglobulin contents in blood and

ileal mucosa of growing Rex rabbits

W H XT84 Control group 552 Test group

Items 1 1 i m
1% Blood

SRR A IgA/ (pe/mL) 10.58+1.62  11.01x1.42  10.54=1.65  10.00+1.32 9.43+1.93
FIEFREH M IgM/(pug/mL) 1.98+0.19 2.08+£0.13 2.26+0.31 2.09+0.28 1.90£0.12

HPEERE I G 1gG/(mg/mL) 55.55+7.40"
[0] % &5 I Tleal mucosa

Ay IAE G RE BRI 1 SIgA/ (wg/mL)  19.15+10.98°

69.29+4.14°

11.39+2.97™

83.08+9.66""  75.07+10.85*"  73.26+7.55%"

14.25+5.63™ 7.28+1.30° 11.10+4.88®

23 RKFRIMEGHEZMKRATEKM R
I & 31 R AL e AR A R M

52 G Yk 2R KR FL A RO e il YR T R Ak 3
FREGFZ I WL 6, I 41 1T A9 L7 MDA &% & &
FETXRA T (P<0.05) , @ PRI, T Fxt
A I (P>0.05), %4 1 (59 1ML SOD i 1 &

FEETXEBA T (P<0.05) X HBHA T XIEHAT 5
FARE AR ) 22 AR E (P>0.05) , REA I
B T-AOC W& & XAl 1 | 1 Akaea 1
(P<0.05), iX¥e 2l I | I A 2 [8] 1fL % MDA &
I . SOD G Al T-AOC iX 3 MEMRHZ R AT
% (P>0.05),

®6 EREERMRIAMERKME DK ANLIEIRR I

Table 6 Effects of multivitamins nanoemulsion on blood antioxidant indexes of growing Rex rabbits

il Xt HR4 Control group 52 Test group

Items 1 1 i m

N % MDA/ (nmol/mL) 20.12+2.48° 26.48+2.67°  23.39x1.76"  28.39+5.54" 26.82+4.32°
HEAL Y AL SOD/(U/mL) 381.19+27.74°  465.63+62.84" 423.96+36.97" 409.34+51.78"  403.05+14.64"™
BPrEALRE S T-AOC/(U/mL) 70.27+£21.28"  78.61£9.20°  74.58+13.53" 107.42%20.44" 95.05+25.82"
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(2] fi73 01 45] 58 7% 75 45 44 B =2 i

S Y A 2K N K LR A (o] g 0 5] ST 25 4G
PRSI D3R 7, % BRA L9 191 i 98 6 v 2 e e
W f 25 R TR IRAE T (P<0.01) s xR4T 11 A4 1]

Pk R IE B Tl dl 1 (P<0.05) ; X IE 4]
I g v/C i i 2% F Hofh 4 40 (P<0.01)
XTHRZH T By 5] 5 Bovas TR FE I 35 v Tl g 41 1 ( P<
0.05), HEEEER EZ & T 3 Milimd (P<
0.01) .

RT SEREERHKIIEKNH % DB RESEEH 0

Table 7 Effects of multivitamin nanoemulsion on morphology of ileum and appendix of growing Rex rabbits

IR Test group

I I I

2.16+0.50

2.07+0.57*%"  1.93+(.32"F* 1.99+0.3145®

607.05+£109.85" 600.53+134.32" 529.43+119.37°561.11+147.27® 562.47+114.94™

WH Xt R4 Control group
Items I
BB -
Villus height/mm 1.8220.40
117} Fass R
Tleum Crypt depth/pm
SE /R ) Bb
V/C 3.01+0.50
e B TR
LHER Crypt depth/pm
Appendix i ¥ L J3E

Aa
Intestine thickness/mm 1.800.17

3.74+1.15*

449.16+114.22" 401.20+64.99" 419.95+93.80™ 420.08+59.07"

1.72+0.1948

3.93£0.67* 3.58+0.72* 3.62£0.63%

364.19+154.73°
1.47+0.21<

1.59+0.25%°  1.63+0.21°%"

024 o A 2 9 K LG A K G ] i | 5
JEHIR I Bz G 2 A0 B 5] 0 S e DL 3R 8 X IR
20 11 [l fizp B 2 AR b B v ik 28 240 i L 481 Jd 2 v T
R T 0 AIXTIEL T (P<0.05) ;5040 1 [0l

FZHERIR TR ARR 40 AR B, X R AL T A
KB Z M 2EF A RE(P>0.05) , A1
SRR ZAEIR T e HP b EL 4 AR RO R 40 A L ) e s, 3
IR AR, (HAS 2 ) 22 AN 3 (P>0.05)

RS ERUEEIHKIIT &N % O i5 Fn ] 52 8 = AR 57 o 5 7% 20 B EL B B S 0

Table 8 Effects of multivitamin nanoemulsion on immune cell proportions in simple columnar epithelium of

ileum and vermis of growing Rex rabbits %
i [ %t B84 Control group 5 4 Test group
Items I I 1 m
Ei)i7] WREZNM Lymphocyte  28.06+6.95° 33.83+5.67" 27.83+8.73"  26.06+3.81° 29.56+9.18"
Tleum PAR AN Goblet cell 5.28+1.78 6.78+2.10 6.83+3.63 6.44+2.28 5.94%2.82
LN HEANfL Lymphocyte  20.83+3.87 21.33+6.55 22.78+6.88 19.50+6.32 19.39+5.23
Appendix PRARAIAE Goblet cell  10.17+3.45 10.67+3.76 10.72+3.39 9.94+3.54 9.78+2.94

2.5 BESEBIT(OTU)BRERMMERER

AR I EEAKCHK 30, M 745 2] 1Y B Tags 2L H
2 215 419 4>, AR08 Bk R I Tags B H N
2 042 831, . OTU $tH & 34 618 1>,

HI 3 9 AN, 25 4085 T 1 N B TR RE 2 R LA
JERETE o0 3, Hop g gl TR BE B 1] A9 A X =R
JEREETAIRA T (P<0.05) ;%7 BE4H 1T (9 3LAT
BT AT R R B AR 2 B2 0 2 Tl 2 1 (P<
0.05) ;i35 21 P ok o B A A G 3 B I 8 v T

fib45 41 ( P<0.05) , PR RL UCG-014 1 Af 3 - i
WEBHTREA T (P<0.05),

ERWREHERE ZHES TR LR
10, Zr#ral 70, iR 56 20 11 A% Shannon 48 50 11K,
2 T HABA 4 (P<0.05) iR 80 20 T X504 I F
XFREZL 1 (%) Simpson $5 %5 & 3% =5 F il 56 41 11 A%
AT (P<0.05) ; XFHE 4L T A9 Chaol F5 %% & 3% =
TIREH 0 M (P<0.05) ;% B2 T 9 ACE F6 %k
BEHTIREA 1 (P<0.05)
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Table 9 Effects of multivitamin nanoemulsion on relative abundances of caecal microflora of growing Rex rabbits %

i [ X} HE4H Control group IR 4 Test group
Items I I I I m
JEBERE ] Firmicutes 69.92+6.56" 71.07£12.58"  77.93%3.44"  80.92+3.65" 74.23+4.14™
- WAFE ] Bacteroidetes 14.90£4.65®  18.98+11.09*  14.15%3.95"  10.29+4.61° 12.85+3.03®
Phvl I ] Proteobacteria 4.85+4.57 2.68+1.39 1.71+0.22 3.18+0.91 5.07+3.47
um
Y ZEMEEE ] Tenericutes 4.01£1.05 3.19+1.23 3.21+0.51 2.67+1.27 3.44+1.00
PEM AR Ruminococcaceae  37.01+4.07° 36.60+6.81" 41.57+2.03"  49.64+5.04° 39.83+3.78"
EIHF R Lachnospiraceae  18.32+4.23 21.11+9.00 20.80+2.94 18.51+6.46 21.44+4.56
# WATE Rl Bacteroidales 8.31+£3.54"  12.24+9.64" 7.99+2.66" 4.61+2.80" 7.90+2.13"
Families Christensenellaceae 5.63x2.14 4.21+2.30 6.61+3.90 7.26x4.53 4.82+3.17
Christensenellaceae R-7 5.61+x2.14 4.19+2.31 6.59+3.89 7.24+4.53 4.80+3.17
LIZE R NK4A136
5.17+2.3 5.62+3. 4.84+1.70 4.85+5.11 4.36+3.47
Lachnospiraceae NK4A136 0 0 oo 8 oD 0
R B 1
& & " ki 5.53+2.35 5.68+2.60 6.59+2.22 8.52+4.17 5.16+1.35
Genus Ruminococcus 1
ﬁﬁ%ﬁ%*’q‘ UCG-014 b ab ab a ab
Ruminococcacese UCG.014 7.13+2.08 8.43+3.32 10.44+2.43 11.77+3.55 9.79+2.15
F10 EKWMEEPEE « SHEESHT
Table 10 o diversity analysis of caecal microflora of growing Rex rabbits
i [ %t B84 Control group 554 Test group
Items I I I 1 m
LB 1 W Fh

Observed species 1 186.17+£293.52

Shannon 54§
Shannon index
Simpson T8 %%
Simpson index

7.73+£0.43"

0.99+0.00"

1 094.00+65.77™

7.58+0.25"

0.98+0.01°

1 096.00+38.49®  923.00+49.05° 1 037.00+104.63™

7.75%0.25" 7.16+0.24° 7.60+0.35"

0.99+0.00" 0.98+0.01" 0.99+0.00"

Chaol f8%§ a b ab b b
Chaol index 1 343.37£322.14" 1 174.33£81.85" 1 163.08+35.84 991.73+53.54 1 108.08+108.30
ACE *‘Elﬁi& a ab ab b ab
ACE index 1292.42+288.73" 1 186.27+72.86" 1 177.15+39.23" 1 007.64+59.56 1117.43+105.04

SYOK I G 4 A R 9ok FL, AR KR fE
3 % 8 BEES

31 RKFFIMEGHEZMKRATEKM R
KR . AEDERRSLENNZN

e A GAEED GEEKE JEE B, 4
HFE B, TR NIRRT sh P 0 A KM BE I A
S, AR R s e R 5 UOKIB IR &
Y R K U LE e A K PR RE O T Y 22 5, AR
B T A% BRSO R B A T34 H R
B L, MR TS 4 IR 45 1 F | R b s 4 AR &R

TS T 45 IRy T AR E R K T o8 A, (R TR
B A o e RS RDRR B8 AL R AR, B IR W A
THALTE PN B, AT AL . i 22 A SR B 03 )5 AN fiE
MEEFL R AR AT BT W) 5T, 5 BCBOR R R
SR, AT 5 S I 0 4 B ) BRI i M5 52 7 Al o
Bt AR, o TR R O 3% 5 5 1
Rk FETE B K & it 2T KPR I B, 5 3L
Wity )5 1~28 d i R i IR Y5 AR, ELIE
ORI IR 15 5 0 2 T UOK TR s I & 4k 2
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RYUORFL A A T (il - 80+ =) 14 4t
o MK P& A R -80+7 = BE R iR I8 40 ,
Tk —80 Ay 2 1 & PR, (5 vl Ry KA i
P — s TR I LA A e 1 LI Y 45 4, DT O
> e AR P A R R ELA B DR Ko T 0 (LA
FEAFAmOKAE Y ) 510 0 58 U
IV, AT 7 BT 2L 30 3 UG OB 4% 0 £ 1) R S SR AR T
R ABJFIARCRA S,

1eG J& S HRPUR G S 1) 3 7, vV i
WA W FRE T S Jo W Y R Bk, s
BUARN 1gG AXE 2 i, 10 AP SE i 4 ) & #5
BB | PR B R 8 R AR T ARG
IR H R OK 8 G 1 TeG fr = i S IR T
M2, 10 BH 45 8t G s I B K P 19 3L AR R BE A AL
PR G RE BR AR A B, 1 T3 AL AA G 2E ) Rkt
MR RIS HEHT . X0 IK BH A 1 3 46 () B
TE BT FLAL X I XS I3 TgA F1 IgM & 8 A B30
PEmfE

LMY R NgEE R A FERD 4K C
S HEAYEAMER . SOD 1E bt b &4t
() LA R L S LR B B B S RE ) AR
IE L, T MDA S 41 Jif B8 B 5 2o 4204k 1 7= 4, HL 5
ST R] 42 S B A M 4 AR L AR, X R A
I Bk MDA & & &AL, A8 T X H
5525 100 20 (0] AN 7 7 B M 2 S, U D 4% 4 A
ANHEAE B S S A 45 0 T xk BRZH 1 I SOD i
PEF T-AOC A AR X AR, 4 WU 2R 7K rf 4 iy ok
T80+ N —BERE—E R RS LIRE bR A %
(IRE ST, TG — 2B A5 . BeAh, R AL T B9 o
MDA &8 Al T-AOC # f % & TR 56 41 10 A3k 56
A1 W G YA 2 90K ZLES N A A 3 i 2 5 1
TG FEAR ka4, 22 07 A AR TP A I AS ) /K
THAEAER D, R AN, MERRAEER D & &
FRIEE TN, A K S 1 W SOD 3% P . MDA 5 & il
T-AOCH) e o FEAR a4 . BRAG & #E i
THILEF A FER PR IMAFKEH4EA R E,
L T B A8 A F A R A 2 2 3 s B I A
B RS RIS B 0 4R R BB PR T
FAbRE T, A R R BT S B A b
WA
32 RAKPFRMEGHEEETHERKMEHEALR
HHMERME SN

/N WIIE S 4540 5 8 32 1) 5 %) T8 1k W W % U

M, V/CLEARBET il B SRR AS i Lt
TR sh Y IE Z 4, TH AL T RE R R R s
S TTRE R A K Z PSS i e fE T
T iy 3 6 O Ty BE A B 3%, W e T R g Y
W 1 Bz bk T 40 B (ATEL ) 28 57 T T8 Ak 18 R 1 K 48
J i), 5 0 1 R 20 e % o 4l O A ELAE D, A S %
IR 08 5 928 I35 0 AR 46 4 W B IS L 2 R e

N o A8 B S B E g 3 A g B, Hodk
T A8 W 0 A BE RN GE A Kk R,k
VEM R RVER T A ) 2 3 o T (el A
(R PR R 40 2 o 2 A AR X 2 5k . Wt ol TR
PESHY) , AR 285 0 DL £ 27 4 SR 8 i
Gl AL R R 2B B, g R N S
B 00 A U W B, DR LR 5T 8] g 1) A1 445
Xt At G 18 T A S S B A 2 VR

ARG 45 5 R, 3 AN 06 4 2 1A G (8 g
5] 2 BAJZ R BR - Bz vl b B 400 R RN RRBR 40 L 51 35
TREFEES SXBH ] ZEBEFEEES, U
AR [R] 4 A= 2K S X i 8 e S D RE WA I 3
. XFREZH T g V/C W B KT Hofth 4 4H |
(7R Y= s TN s e N ) e A IR S
X HRLH T, Ul B HAt 4 28 2Rk b B 5 i i S - 80 Al
N R — o TR R = W T e R U ik, HL R R AT
RE S it IR —80 AN = B AE 4k FE Mo W 18 DY R | il
2 W TE B R A5 A, AT 52 ) g 2 I O L 40

HiSeq M P45 R W , X4 | E Wi L
FEME R m TR IS 4] I At B2 T1, i J58 B 1 1)
(R B AR Tl e A T, o B GE 2 0
T —8OFIP = W3 i 1 VS BE B 1] rp B R A P 1
SR it m T HAEE b g, NIRRT
Wi i R ZRE e, B S U S
EEI LR YN e S BT R ¢ 51| K
LA A, AT oA 72 40 40 A 2 1 A 2 B K T, AT
A7 AN B ) R0 BT 3 TT BB B W R 2 R
PERIMIXS F B L A EEJE N —, k&%
ST g 2 B, A AR A i R - 20 A TR - 80
Ji , T A AR R — 20 i 2 2R B R B B b 2k
T, v Y —80 AR £ A ik 3R —20 (EAEH AT
B, 3k 55 AR 0 45 SR A — 3

ot B W B R AR S B e T A R R K
0 2 O B W B LR RE B 1] O 3, o e A
I JEERE TR T % AH 6 =5 5 1 2 v X IR T AT,
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Effects of Multivitamin Nanoemulsion on Growth Performance, Immune
Function, Antioxidant Ability, Intestinal Tissue Structure and
Cecal Microecology of Growing Rex Rabbits

YE Xiangyang'® GONG Ruiguang' REN Zhanjun'"

(1. College of Animal Science and Technology, Northwester A& F University, Yangling 712100, China; 2. Guangdong
Key Laboratory of Animal Breeding and Nutrition, Key Laboratory of Animal Nutrition and Feed Science in South China,
Ministry of Agriculture and Rural Affairs, State Key Laboratory of Animal and Poultry Breeding , Institute of
Animal Science, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract; The aim of this experiment was to investigate the effects of multivitamin nanoemulsion on growth
performance, immune function, antioxidant ability, intestinal tissue structure and cecal microecology of grow-
ing Rex rabbits. A total of 150 healthy weaned Rex rabbits at the age of 30 days and similar body weight were
selected, and randomly divided into 5 groups with 3 repetitions in each group and 10 rabbits ( half male and
half female) in each repetition. Rabbits in control group I were fed a granulated feed containing vitamins
(100% nutritional standard) , normal drinking water; rabbits in control group I fed the same granulated feed
with control group I , but the drinking water added Twain-80+glycerol ( the contents of them were the same as
test group II ) ; rabbits in test groups were fed the granulated feed without vitamins, and test groups 1, 1
and Il were added multivitamin nanoemulsion including 80% , 100% and 120% nutritional standard vitamins in
drinking water. The experiment lasted for 61 days including a 5-day preliminary period and a 56-day test peri-
od. The results showed as follows: compared with control group I, 1) on day 1 to 28, the diarrhea rate and
diarrhea mortality were significantly reduced in control group I and test group I (P<0.05), on day 29 to
56, the average daily feed intake was significantly reduced in test groups Il and Il ( P<0.05), while the
feed/gain was not significant difference (P>0.05); 2) the thymus index was significantly reduced in test
groups I and I (P<0.05), the appendix length was significantly reduced in control group Il and test group
II (P<0.05), and the liver index was significantly increased in test groups I and I (P<0.05); 3) the
blood total antioxidant capacity in test group II and blood superoxide dismutase activity in control group II
were significantly increased ( P<0.05); 4) the villus height of ileum was significantly increased in control
group II (P<0.01), the crypt depth of ileum was significantly reduced in test group I (P<0.05), and the
villus height/crypt depth of ileum was significantly increased in all test groups and control group II (P<
0.01), the lymphocyte cell proportion in simple columnar epithelium of ileum was significantly increased in
control group II (P<0.05); 5) the relative abundances of Firmicutes, Ruminococcaceae and Ruminococcace-
ae UCG-014 in cecum were significantly reduced in test group II (P<0.05). It is concluded that adding multi-
vitamin nanoemulsion containing the nutritional standard of 100% into the drinking water can enhance the im-
mune function and antioxidant ability, improve the intestinal tissue structure and cecal microecology of growing
Rex rabbits. [ Chinese Journal of Animal Nutrition, 2021, 33(2) :1044-1054 ]

Key words: multivitamin nanoemulsion; Rex rabbits; growth performance; immune function; antioxidant a-

bility ; intestinal tissue structure; cecal microecology
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