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Boff PO sk WF FMER ZEET
CHRE BRI E BRI, SRR RSB s o FAEYEA LR =, K&
130112)
i B RIS B FERT FURARAS [F) 3 A L A9 %) 4 B PR AR SR AE KR e LIS AR Ak Fa A 2L
B A SE R R . IRIGIEHL 48 R 157 Hid . “FIMKRE SN (5450£140) g [{e e LR
BN, BEHL R4 A, BH 2 AESE, BMES 1A 4 MR AR LA R, |
ISR N 14%, o T AR50 AR i i B 12.00% 1) iR 2.00% 1 il 4l sk, 114138
B AARR H i 9.38% 1 T K IH A 4.62% 19 57 7H , TITZH X536 40K Hh v i i 12.00% 1 K 7 Al
2.00%M 2L,  IVALRIG AR APl B 1.50% A0 i Al 12.50% 10 B K. Fiiki 7 d,
IERH 40 do 25K 1) TR [F 0 AR EL B XHR BANIR KA B 52m (P<0.05), XA
H, P HEE, FHHRERE. REANE K KIYTEZFZmE (P>0.05). THAEKEE
mTIVAL (P<0.05), 5 1 MIIAZERAEE (P>0.05). 2) kA [E g b g5 i i H- i
=g (TG) AR EARE AMHMEEE (LDL-C) &8 &% sk W & 52 (P<0.05 5% P<0.01),
XIS AR [ EE (CHO). /% AR & (A IH [ B2 (HDL-C) M & 8E (GLU) & & 3T0 03 520
(P>0.05). II4IME TG BFHET 1. HIAMIVA (P<0.05), 1 4IMi%E LDL-C &8 5%
m T I TNV (P<0.01). 3) TAFRAS[E]JH G EL 5 G BREE 1 (GLOB) & & W35 #2n
(P<0.05), XFIMLiE M EA (TP). HEH (ALB)AIREZ (UN)& R TR E M (P>0.05).
47 GLOB S EZm TIIMIVA (P<0.05), 51HERAEE (P>0.05). 4) {iH
AN[E) I R ELAF 0] B AMAS 4 (C4) B EAA BE W (P<0.05), XFIMLIERZEIRE R A(gA).
JERREE I M(IgM) 3R G(1gG)~ #MA 3(C3). EIF-2(IL-2) F s A BE A F-(TNF)
TEYLEERZN (P>0.05, [MHIMGE C4 FEEEMRT [ [ITMIVAHP<0.05), 1. IIH
IVAHIE Z A RE (P>0.05). 5) TARASE AR L@ il 52 52 1 niE 8 E . RS wRE
M E R E/MREIREE (P<0.01). MHLEREREZE ST 1. IIFIVA (P<0.01), T
VAW RZE ST TH (P<0.01); T HREREREE ST 1. TIFIVA (P<0.01), 11, I
MIVAHEZRARE (P>0.05); THRESE/IREREREERT TH (P<0.0D), B3F
T IVAL (P<0.05), HHIHZERAEE (P>0.05). Za AR5 BT kn, Ak ig ks N
9.38% LKl 4.62% S B, B&{% T i TG 1 LDL-C & &, Fhi 7 ifiE+ GLOB (X
T, UGG T IERASEN, NIEE 7 4B AR BRI  n .
I AR LR AR AKPERE: MG AEIIENR: BIERS
25 S816 HRFRIRD: A E S
TR R AN R I 4% — LU BR A, TR IR NG RR ELANBN, FEi 2 shPxt 2 F 1 1

BRSO T IR MR IR 7 22, M m s A= r= 166« 2 ANHLRN i 17 B8 (polyunsaturated fatty
acids, PUFA)JLH & n-3 F n-6 PUFA Z 3NN L FE MG TEE, 72V N IS A0, %
P55 1 e S A T B A, R R B D B Sy T A AR RS, T AUA N L=
n-3 REAEE, n-3 F1 n-6 PUFA 7ENLIR A BEAR LG AL, 08 AR BT, 75 & & 775
Az e v — B A v i T EE SRR T B R O LR . BFFCRBH, 3&EE n-6/n-3 PUFA LLAR I FRIAR
REVA T A B AL B M AR AT, 52 m At AR K v RE 91, i iR, AN [F n-6/n-3 PUFA
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U AR 4D AR 2. 35 52 10 47 1) 68 1) it AR AR A S e PEREDY), 3 L n-6/n-3 PUFA EUAE I ARDAR X X5
() LB AN I £ R 3 A — € SGEAEH, HLRRRE SR R FF R 47 () S BIRAS U121, A B 5T
KB, B n-3 PUFA 13 I v DABE =i K BRI TE A — S8 28 AR TR B, 380 3G W T TR A
8 086 i JEL R v P TE 8 B B B Th RE . AR BN (Vulpes vulpes) FRERIN, TR =T 6321 (1)
JEEBAPEAI RN AR, BT e E R, SRR ENEEIIZ —. REINSIER
IR FEE T RE BEAFEE, Bk 2 MIUEENRDTTR S AREE A B &2 703,
H 117 5& T TRDARA [ v 15 A9 %o SR SR AT 107 B R FH AR AU % By 14 R W T8 T 7 S5 A s
7 T 1# AR WA FEARTE o DRI, AR50 FVRIE 7 ERlRR AN [R] 3k A b A5 26 = S ME 1 4R R AT AE K 1 R
M5 A IR A G E TS S M R, DU B BRICAE 72 K T 107 B A QG ATE ST 32 (R E 1 A 9 o
1 MEETE
1.1 R

TRIG FH AR IO 25 RN, N5 2 MR IS 2 S5 Fr e it Hh 7 S
1.2 W58 i 55 R

HEHL 157 Hg . “FRMKRER (5450+140) g AOfE B AE K MEME AR BN 48 X, BEAL 9 1%
44, BH 12ANEE, BNES 1 RAREI. 4 HAR B BIAME 4 FhAS [E 3 A 2 B 56
Tt o 4 BRI TR by AR AR I35 14%, b T AR50 )RR rh i B B 12.00% (1) £y Al
2.00%1 G4, T 4LR 56 AR o AR 1 9.38% 1 LK il Al 4.62% 1 S, TIT4HL 56 1Al
HH R 12.00% 1) T K 3 AT 2.00% 1 52 9 2 R, TV 2 56 AR o v I F 1.50% 14 £ 7 A
12.50% 1) T oK o RIS AR B A 7K AR 1, BT IR ZH R L3R 2.

F 1 RIS TR RS TR O 2R A

Tablel = Composition and nutrient levels of experimental diets (air-dry basis) %

TH Items ZH5] Groups
[ II I IV

J5kl Ingredients
1t 52K Extrusion corn 32.75 32.75 32.75 32.75
Al Soybean meal 12.00 12.00 12.00 12.00
T KEAK Corn protein meal 8.00 8.00 8.00 8.00
T B H YY) DDGS 1.55 1.55 1.55 1.55
i} Fish meal 16.00 16.00 16.00 16.00
A} Meat meal 10.00 10.00 10.00 10.00
HEIR Lys 0.80 0.80 0.80 0.80
BAMR Met 0.40 0.40 0.40 0.40
TiERl Premix" 1.00 1.00 1.00 1.00
F#3l Fish oil 12.00 1.50
Tk Corn oil 9.38 12.00 12.50
il Soybean oil 2.00 4.62 2.00
BEIRESS CaHPO, 3.00 3.00 3.00 3.00
1k NaCl 0.50 0.50 0.50 0.50
&1 Total 100.00 100.00 100.00 100.00
77K F Nutrient levels?
B8 GE/(MJ/kg) 19.04 19.03 19.14 19.05
HERE CP 29.76 29.39 29.82 29.76
HAEWT EE 15.50 15.13 15.77 15.09

FIKy Ash 9.31 8.82 9.05 8.71



WK A Carbohydrate 41.43 42.66 41.36 42.44

AR Lys 2.36 2.36 2.36 2.36
HEM+HLMER Met+Cys 1.43 1.43 1.43 1.43
55 Ca 1.61 1.54 1.50 1.40
% P 1.14 1.03 1.10 0.98

VEET 5 R RS One kilogram of premix contained the following: VA 300 000 IU, VD;
200 000 IU, VE 4 000 IU, VK3 50 mg, VB1400 mg, VB> 500 mg, VB¢ 200 mg, VBi124.2 mg,
M2 folic acid 50 mg, 7ZFR pantothenic acid 2 200 mg, 4E#)Z biotin 1 600 mg, S ALIEHH
choline chloride 120 mg, VC 12 000 mg, Fe 4 000 mg, Zn 3 200 mg, Mn 1 600 mg, 180 mg,
Se 12 mg, Cu 500 mg.

VHEAM. D K ERR. EER. 5. BEYNINEE, HACATHEE.

CP, EE, Ash, Lys, Met, Ca and P were calculated values, while the others were measured values.

R 2 WIS ARG T R ALK

Table 2  Fatty acid composition of experimental diets mg/g

gz 7 Groups

Fatty acids | II I IV

C12:0 — — — _
C14:0 1.46 0.01 — 0.18
Cl4:1 — — — —
C15:0 — 0.00 — —
C15:1 — 0.00 — —
C16:0 8.56 4.12 3.37 345
Clé:1 4.15 0.01 — 0.51
C17:0 — — — —
C17:1 — — — —
C18:0 1.79 1.10 0.76 0.63
C18:1n-9¢ — — — —
C18:1n-9¢ 30.80 22.86 21.80 22.12
C18:2n-6¢ — — — —
C18:2n-6¢ 13.35 73.21 76.36 70.89
C20:0 0.06 0.14 0.14 0.12
C18:3n6 — — — —
C20:1 0.17 0.08 0.09 0.10
C18:3n-3 1.93 4.06 1.86 0.19
C21:0 — — — —
C20:2n-6 — 0.01 — —
C22:0 0.02 0.05 0.02 —
C22:1n-9 — — — —
C20:3n-3 — — — —
C23:0 — — — —
C20:4n-6 0.09 — — 0.01

C22:2n-6 — — — —



C24:0 0.01 0.01 0.01 —

C20:5n-3 1.92 — — 0.24
C24:1 0.02 — — —
C22:6n-3 0.63 — — 0.08
SFA 11.90 5.43 4.30 4.38
MUFA 35.14 22.95 21.89 22.73
PUFA 17.92 77.28 78.23 71.41
n-6 PUFA 13.44 73.22 76.36 70.90
n-3 PUFA 4.48 4.06 1.87 0.52

n-6/n-3 PUFA 3 18 41 136

SFA: g I ER saturated fatty acids; MUFA: FEAIFIfE G EL monounsaturated fatty
acids; PUFA: Z AMAIJERTER polyunsaturated fatty acids.
1.3 TFREH

AR I8 AE A B2 B R P B ST B B AR et SE . RIS B A IR, N
2014 4F 10 H 13 HIT4R, 22014 4F 12 A 1 HEH, Wkl 7d, Eilil40d, &K 08: 00
AI15: 00 &4AME 1K, HHKK.
1.4 F/FRIE K715
141 PR AE FR A Al

TR PR A RS B2 GB/T 6432—1994, K AULKERENE; MRS &S1E
GB/T 6433—1994, KR RH&ENE; MK & EZS K GB/T 6438—1992, KH 550 C
PIRIEINE; 855 B2 GB/T 6436—1992, K £ %I ZBR(EDTA) & i e vl e s
TEZM GB/T 6437—1992 T ENIE, MR EZ IR S EZ R GB/T 18246-2000, KM
FRIREEE, # 4 EH 3 & IERE 0 M (HITACHI, L-8900, H A Wl5E . Falks i i Bk
EALIEBET RIS, S8 GB/T 215142008, K AR, {6 AR (Agilent,
7890A-7000B) I 2H i Je 25 4H 7 &, BUARIINGE 264 228 R /N HESE U 7 1k
142 AKMEREN E

BRI IR e, BERICsCR B, HRPHHREE, REVIREEMERIAE, i
SFOPRI ARG, ARE-T 2 0 G E AP R R v SR E L

ISR, RaEd 12 RN =E, o ae AR BT R B K AT IR 4K
A E A AR R I/ P T b, R RGBS 28 FRAR I 0 o i B2 AN 5 S B 5K

AESE, EEAE R K ATEAEAR FJEIT. MR SR R .
144 MLTEFEACSRAR KAMIE A AL FE bRl

TR A 5, FABENUER 8 RAEFR BIN, FRES ORI S mL, & TEHEER
M, 245 4 *C. 4000 r/min 50> 8 min, 73 & H {5 % 1.5 mL Eppendorf &+, & T-80 C
&R . MEEEA (TP). AEAALB). HM=EK(TG). JHEE(CHO). &% EEE
1 JH [ BE(HDL-C). 1625 B g 25 14 JIH [ i (LDL-C) A & B (GLU) 2 8% FH 4 A sh 4t
1 (Selectra E, fif=2) Mg, W& H B AL EVRHE AR AR . MiEREE (UN)
B R F IR B VA I8 I R A o T e, R & R @ AR ) TRRRIE SR . IR S
BREE A A(IgA)~ S e Bk 1 G(1gG) A BE Bk B 11 M(IgM) 75 58 SR FH AR EEKG 928 R B R B8 v 7
FMA 3(C3) M 4(C4) Fr 5 R o203 S Lkl 8, A/ 3R -2(IL-2) F IR SR JE ] - (TNF)
R ROCIEINE o 37 H b8 A A bm A I 3538 2 PR Al . s Bk A
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(GLOB) & &2 1% TG 5 ALB S & Z1H.
1.4.4  JWTEHLUREE KB RS2 o i

ARG, B 12 AEREINeEEE, B RAR BN W E M m & T,
B EERTHON 1 emxlem M IG2H 4 1 B, ABRERKPREEIG, TN 10% B ER0h E 2, A5
Va8 2 AR A K BB R B3, B3, YR, R, EIIIORK -4 (HE) %
AP IRACELJ, A 4~6 pm JERA ) U PRk /AR 1Y) A, 76 S50 (Leica DM
1000, fE[E)D 100 5 FEEHLER Z A FEESEEMEF W E DI F, FrPhit SR W ET a8 & Fr s
S AT Toupview MELRERE. BREIRE, IFHHEEERE / RERE (V/ICO. fR3)
YIHUCAA RN 6 5k U0, RN U 3R E 5 AN EdE .

1.5 BERE 550

RIS EH K H Excel 2010 JEATHEH, KA SAS 8.0 A — ML HRHA (GLM) 27
HATG T A, 2 EILBCR A Duncan [RiE#EAT, H P<0.01 AZERREZE, P<0.05KH
ERWE, P>0.05 NESFAEE. 4RO PIEREE"FRR.

2 4 R
2.1 AR [E] 7 I B A 0 A B A R BRI KPR RE 1)

FHE 3 AT, PRSI HAR LL X 4 B BCR &, P HREE. FHEE, K
LA K I TE R E 2 (P>0.05), {EXMRBIUA KA W& (P<0.05). HREMAK
RIMANNTABZESTIVA (P<0.05), HAbLEZERREE (P>0.05),

3 TAARAN IR BUAT X 4 T B I P AR BRI A K 1 R ) 52
Table 3  Effects of dietary different oil ratios on growth performance of male silver fox during

winter-furring period

i 5 ZH%) Groups P1E
Items P-value
I I 111 I\
6 IBW/k
b £ 5.484+0.78 5.58+0.87 5.49+0.37 5.25+0.69 0.836
RE FBW/ kg 6.32+0.73 6.36+0.78 6.15+£0.29 5.93+0.58 0.559

T8 OH R &R

275.68+19.80 208.17+17.09  282.45:23.68  271.1243624 0445
ADFI/(g/d)
¥ o# o

23.1344.97 21.5743.79 18.42+4 34 18.895.83 0.150
ADG/(g/d)
HEL FIG 11.5642.11 13.1541.49 15.0743.05 14.56+2.73 0.142

X Body length

#1 Body length/cm 71.67+1 54 72.40+1.67° 70.58+2.18% 69.58+0.92° 0.048
it 7 K Fresh fur

106.6042.97 107.3342.80 105.0042.65 104.00-£1.00 0219
length/cm

FEATEHE B A R KRS PR R ZERWEZE (P<0.01), RENSFRRRZERLTE
(P<0.05), RN LEFRERERAEE (P>0.05). FEMH.

In the same row, values with different capital letter superscripts mean extremely significant

difference (P<0.01), and whit different small letter superscripts mean significant difference

(P<0.05), while with no letter or the same letter superscripts mean no significant difference



(P>0.05). The same as below.
2.2 HAKRAS ) 3o A b Ag e A B B g 1 AR S TG 7 5 A T i o 140 52 e
FHEE 4 ATEN,  TRDRRAS [E]h A b Ag o 4 B S ME I AR R AT TE LDL-C & &4 R i 3 52
(P<0.01), XfIMiE TG & &F T EFM (P<0.05), XfljE CHO. HDL-C. GIU &7
WEm (P>0.05). Hi, MHIME TG 82 EFHKT 1. IIMIVA (P<0.05), 1. TTFIV
) 22 e AN 3 (P>0.05); [ 1% LDL-C F&Efk e T 1. [MIAIVA (P<0.01), II.
IITFA IV ZH 18] 22 /e AN i 2 (P>0.05) 6
4 TARRANIE] T B A ot 4 6 TR SR SR I 0 A s 48 1) 52

Table 4 Effects of dietary different oil ratios on serum glucose and lipid metabolism parameters

of male silver fox during winter-furring period mmol/L
IH ZH%) Groups P
Items I I I I\ P-value
Hu =l TG 1.11+£0.272 0.72+0.23b 1.36+0.26* 1.10+£0.312 0.012
JIHE fE CHO 3.33+0.40 2.79+0.62 3.25+0.53 2.95+0.49 0.216
T e A AR L
Ji 2.94+0.40 2.51+0.41 2.71+£0.45 2.62+0.44 0.341
HDL-C
2% 5 i B LR
i 0.06+£0.0242 0.03+0.018® 0.02+0.018° 0.02+0.01Bb <0.001
LDL-C
HEHE GLU 11.00+£2.31 8.18+2.16 7.58+0.31 6.98+0.86 0.053

2.3 FAARAS R g LA Xof 2% T S 1 AR R ALV 2 3 5 A R a4 R 2
HI2% 5 PR, ARDRR AN [R)  EG A5150k 2 6 391 2k A BRI 75 GLOB & & & 35 52 i
(P<0.05), XM TP+ ALB FIl UN & &30 RE M (P>0.05). #EJIMIE GLOB & &#
RICNMHRE G TIMIVA (P<0.05), HABANZRARE (P>0.05).
K5 RS R i BT 0T A T S R R I 375 2 1 5 A i s ) S
Table 5 Effects of dietary different oil ratios on serum protein metabolism parameters of male

silver fox during winter-furring period

Wi H H3 Groups PiA

Items I II I I\ P-value
HEA TPAg/L) 57.61+4.32 62.30+3.79 58.43+3.45 57.57+3.43 0.152
FEHE ALB/(g/L) 36.30+2.41 39.44+3.34 38.71+2.82 38.80+2.37 0.197
B GLOB/(g/L) 21.3142.24% 22.86+2.43¢ 19.71+1.980 18.77+2.00° 0.018
JRZZ UN/ (mmol/L) 8.01+1.41 8.88+0.54 7.44+1.30 7.96£0.59 0.186

2.4 TADKRAS [R] 3 i A9 o A% B HT AR AR BRI/ 4 928 F A (1) 52 )
FHER 6 AT, TR AS [B] 3 S b Agr 4 B B M1 4R SR AU TS C4 & & 3 52 (P<0.05),
XTI IgA IgM. IgG. C3. IL-2 Al TNF & BT REHM (P>0.05). FEINMTE C4 &



BRIWAMAEZELT T IANVA (P<0.05), HARAMZERAEZE (P>0.05).
R 6 TR [ LA Xk A T JT e I AR SR ALV S 48 B R 521
Table 6 Effects of dietary different oil ratios on serum immune parameters of male silver fox

during winter-furring period

WA A7) Groups P1E
Ttems 1 11 111 I\ P-value
IEBREH A 3.76+0.12 3.83+0.56 3.67+0.19 3.87+0.22 0.814
IgA/(ng/mL)

SEREE M 8.18+0.40 8.15+0.29 7.94+0.27 8.29+0.21 0.500
IgM/(ng/mL)

HEREH G 8.91+0.56 10.11+0.99 8.34+0.78 8.75+1.07 0.051
1gG/(ng/mL)

FMA 3 C3/(ng/mL) 14.75+0.46 15.67+0.82 14.28+0.61 14.74+1.02 0.092
#MA 4 C4/(ng/mL) 37.6040.99* 37.98+1.06* 35.78+0.57°  37.71x1.41° 0.036
Ji R R BE A 1

INF/(EmolfmL) 16.65+1.65 17.69+0.87 17.09+2.08 16.93+2.79 0.774
FHAHR-2

2.82+0.34 2.95+0.34 2.98+0.36 3.21+0.63 0.451
IL-2/(ng/mL)

2.5 FAARAN R Mg LG Xof 2% T ST 1 A PR Tl T 285 &5 A FA) 52 )

H2 7 WIRA, ARSI i L0 & B I EE R BT E R E i E  [Rs IREA T =
JE/R B IR A TR (P<0.0D). Horp, RESERIOYTAREZEST 1. 1
FIVAL (P<0.01), NIAIVANREE T 14 (P<0.0D), MIMIVAHEZERARZE (P>0.05);
BB IR PRI T AR B3 T 11 TR IV (P<0.01), 1T\ TIDRIIV 4 i) 22 5 18 2.2 (P>0.05);
WEGE/MEIRERIA TAREZERT I TIAMIVA (P<0.01), IVHEZEMKT T4
(P<0.05), HAtAHEZERARZE (P>0.05).

T CARRANIE] R AT A T ST 1 AR BRI 2 T 25 5 R 1 5
Table 7 Effects of dietary different oil ratios on intestinal morphology of male silver fox during

winter-furring period

TiH 5 Groups Pl

Items I I 1 v P-value
%E " Villous height/mm 6.70+0.11¢¢ 7.95£0.62% 74240758 722+0.19%  <0.001
WS Crypt depth/mm 4,430,240 26940215 2.99+0.69%  2.79+0.14%  <0.001
REREIRIRE VIC 1.520.088 2974026M  2.66+0.83  2.60£0.14%  <0.001

3w
3.1 TAPKRAS [ i Bl AT A B R 1 4R AR K B IR 52 )

WEFER B, TR [R] 7 g LA e it sz e Zh LA AR« o508 ARDRR Y A0 7K T2 AT X 3 4 A=
FEPE R AR S M Ol B TARIE AN HIG G B R TR 4 0 R AR P PR RE TG R s 0T, 2R
RS PRDARE R A I R R R AR BEASUER A, BN R v g, AP EEXS IR B &, PR E A



HEFETO R RS AN [ 3 b A R PRDAR AR 2 25 s e A B BRI AR Kok e, HLAA
1.5% 8 AT 12.5% T K 4 A (TR I A AR AR 1 BB LT ). RIS 25 R IR, TRA
175 Tl 451 3oF 4 26 S0 e 4 B A B 4 i K 380 T S 3 S i, R PR BRI AR KA I 35 5 i
5 _FIRBE S RAGEARANFE, 7R TR EICRAEAR IR B A2 KRR ERAAFE, #EA
KB KIARIN E ZR ik i B AR K AR T 197 AHRAE 2598, i1 2 P 28 g D i R 5
DU EARAE 22 3, TR R S BUEK MR g R IA R 2R, BARYLHIEA fF Tk
— BT,
3.2 TAPKRAS [ i Bl AT A% B HT A 1 R R TG 375 4 I A 8 s P 2 e

THAR 2R B ANRC LE 8 W 58 n-6 A n-3 PUFA U4, BT n-6 fil n-3 PUFA 32K 1
FElR A RHTAA, SO B AR T PUFA R ZH A7 05 18 1 5 (U el IR BN kO I v L
JPIE S5 ) A — i R IRUO201, R AR BB SRR AN I IR 2R Y . AE B S IR AE R T 3R
B R & &= i, 5N R AR SRVEE AL L. B B EJF R T REWF . BFFLR A,
BENA n-3 PUFA {3 i fig 45 R B# (% 2% b CHO. TG F1 LDL-C )& &, JH& HDL-C I8
R3], — LR, AN R G b AR TR G OE B n-6/n-3 PUFA UAE, HURFRK 1A
M fiE AR S I AR 7K S 1810240 ARG 45 B IR , 9.38% R K THIFN 4.62% K71 2H & IH TRl R 4H. (1)
F n-6/n-3 PUFA tUE N 18) IfiEH TG & SR AR AREC Lo AR 235 FEAIK, 24 i
LDL-C & E WML, HEEHZAIME TC. HDL-C M GLU B LEHER, X5 iR
L RAH— B UiPHE B A RRC LGP n-6/n-3 PUFA BUAED) S8 A R T HLAAR PR3 IR 5
(i AR AC 25, ACREG H,  12.00% 57 Il AT 2.00% S 4 & I AARAL (1 41) 1fiE TG. TC.
LDL-C 1 GLU & &= #408 = T HAhdH, S8 EEEARIN B Fi s RAH— 8, th T4
TR SRR, SETS BRI (SFA) SEMxiim, XA Age 5] iR BN
I 7T v 1 S A
3.3 AP [R] ol AR LA 5o 4% 7 S e R ST 7 2 105 A QI b 1D 52

EFIEOLR, HUARRES CRAIE MR L35 85 1 B T4, AT 4R LA (1) 128 A2 B ) R
IM3E TP EHUAREE AR —ASRIE, HTBANMAZRRfERE R, 75— @R E B ARER TR
()8R 15 K7 LA R st 1R (T AL R P o AR AT O 2RO FE 3R B, 1Y% TP ALB &
[ AR A 0 AT I T i B . ARG A LR 1) B UK R AR — B, X AT RE R
SHAAIMIE TP, ALb. UN & ETLEFCIR BRI, 1H 9.38% F KA 4.62% 5.1 41
AR ZE CIL4D 1fiE GLOB & & 83 M T 12.00% 5 KA1 2.00% S 4L & (141D 1.5%
AT 12.5% 5 KM A AR (IVAD, 5 12.00% 531 2.00% Sl 4 & AR 14D
ZRARE. MG GLOB & &N &K SN R RIS, R RUi, EARRKRE
MR, n-6/n-3 PUFA BUAE ARG BAR I DR A 1 T AR B AIUOR R AL UF 1) e BRAS , 1K S AL PR
ORI} 5 485 SR — 2, R RUIK n-6/n-3 PUFA FUAR AR £ AL A4 b T 300 R S B IR A
3.4 TAPKRAS [ i B AT A B A 1 4R I IILI5 S 28 6 b 1) 52

WEFE R I, 3& 45 n-3 PUFA & & = (13 i, dn ey, e 42 s AR K S 2 HLRE .n-3 PUFA
4 M RS i 1 S EEAE M R A, R8T AN R b G S AR oy AR, DT S M 20 AR ) B
P R NP, n-3 5 n-6 PUFA 1E 52 M HLAK S B ML 7 T & AR 564+ 308, n-3 PUFA X 8P4
et RE B AR HEE A n-6 PUFA TEAR NARE & B8 —hele, BA B it e s e
ML /ISR B AN B B A S, a3 T P2 A — 5 [ S s I 27290, DR A [R] e IS T L g
W9 n-6/n-3 PUFA LUAE, MIMSEIRHLAR 0% SR, TR n-6 5 n-3 PUFA N ANP4i ) n]
BE RN HLAAR G B F0 7RI, B 78R8, 1R n-6/n-3 PUFA LB X JEARIR I C4 S 8H 8%
SO, I IgA IgM. IgG. C3. IL-2 1 TNF & &% 708 e, AR5 45 1 5 At
REERM—3, M1 ~IV4L, 1@ n-6/n-3 PUFA ELIEIZHT TF 5, n-3 PUFA & & S W A
#%4 . n-6 PUFA & & 212 Wi I m#ass, T n-3 1 n-6 PUFA 7Efi MBS EA77E 524, iXfh



G BENL T8 5 2800 AT R SR PRI S e P Am R R AR S 35 A A ) 2 B, fH 2 ) g
12.00% T KA 2.00% 3 2H A I 4AAR. (FRRR n-6/n-3 PUFA LA 41) B, HRBIRILIE C4
B AR T IR R AR PR, BEEH 12.00% T KTl 2.00% i EC HE (#7575 & n-6 PUFA 5
BURE & n-3 PUFA 728 B e 2t V8 W2 T A IR 4 & 0 IS C4 S 2RI, A
PRBLERIE A 75 T 3 — 2D B 7T
3.5 AR R TG EAT) X A& 6 T ME PR AR SR I TE TR 25 254 B 5 i
WEIVSE T BN H KRB, WmERs, HAKEDONRKR) 3~4 %, TAIRAEIE N H
PRI TRV RE, N E RS TR B AR ) 2R AL, kB s B [ s R M R i
IR B IR L e R Wiz TE AL T BRI EE R ARBY, BB s SR R R EMH R, RAK
AN A BARNGR I ThRE, KEmN, BAMME, TR0 Rhae ook, Fas iR B S
MR, BB AR, RUIAIM R BT, I ThRERG SR, 9hE /R S IR R LR
SN DIREIRAS 508 1 98 e /K 38 TR B S 1 s (R 7 23 i e A0 1S BF e 9,
n-3 PUFA A DASS Iz 3E A — 6o AR B B, i G B s e . BRI 5 B2, Rim
A TE R B R D) REM . BFFTARIE, AR/ BUA N n-6/n-3 PUFA LU{E, S2m 1 L kX & AH
REERRIE SN H R BRI O, AT a2 W e, A 45 R 2R,
TR HT 9.38% T KA 4.62% Z A A HIBIHL (n-6/n-3PUFA LEBIDy 18) I, RIBIN7IE LK
B R, FRERERK, HEEE/FEEIRERR, HUIH 9.38%E KIMA 4.62% G iH4l
BRI EGE VIR RIN B TS, $2m 1 & R A e
4 4 @®
SR AR IS S5 T kN, PRI AR SR VE N 9.38% E KM A 4.62% I, FEK T &+ TG
M LDL-C f& &, Jhe /LT GLOB & &, 8 | miEasit, Wi 7450
TP AR SR ATAAAC B 1S 0
S5 3R
[1] COHUET G,STRUIJKER-BOUDIER H.Mechanisms of target organ damage caused by
hypertension:therapeutic potential[J].Pharmacology & Therapeutics,2006,111(1):81-98.
[2] HULVER M W.BERGGREN J R,CORTRIGHT R N,et al.Skeletal muscle lipid metabolism
with obesity[J].American Journal of  Physiology : Endocrinology and
Metabolism,2003,284(4):E741-E747.
B] EFHLENTF.03 ZAMANEN RS FZH P RMHRI G SENE
7%,2007,14(3):177-182.
[4] R PR, 5 RSS2 AR 7 S K B i o 1 A B 10 A R O 22 BRT A S i [D].
L ARNY,2014,35(17):231-235.
[5] SR+, 75 B A& . A [F G W R A A b xF /s BRI e 2 ma ) sk 5 BT T [J]. 8 9%
,2004,26(1):5-8.
[6] SHEARER G C,HARRIS W S,PEDERSEN T L,et al.Detection of omega-3 oxylipins in
human plasma and response to treatment with omega-3 acid ethyl esters[J].Journal of Lipid
Research,2010,51(8):2074-2081.
(7]  BemRE, 2= KR, 25 N AL, 55 .n-6/n-3 22 AN A G D7 2 B G0 AT AZR A= B D) e 1 1 79 [0]. R 987
YOt 72 591 K ,2014,26(4):626-631,479.
[8] i, ok, B, 55 AR n-6/n-3 2 ANUURI I 107 BRIC EL X JE AR IR A WA IR UTAR L A s
PR ZH B I AE AL AR FR RIS WA D], B A 15 2741, 201 7,48(6):1054-1065.
(91 i, 5k, D', 55 AR n-6/n-3 22 AEANNR T IR EL AR XS &6 AU BRI AL BE AT I IR
U R A U A 5% 2R (A L K 2R IA H R W [J]. 3008 37 22 41,2017,29(3):906-915.
[10]  Fr AL PR R G 15 PR 0-6/c0-3 Xof S AR i AR5 52 i S 3L 43~ ALk Rt 5 [ D] A8 - 25 467 18 5L



P 37N K 2,2012:34-43.

[11] 7K AR ELAB] n-6/n-3 AP0 0 s 18X 3 S 788 DI RE ) M [D ] A = A7 18 ST 22 M H

ALK 2%,2008:20-32.

[12]  EIEWI, &1 8,0k 1 55,55 AN A n-3/n-6 22 ANV 7 R0 7 B2 X8 e 5 T RE A S R[]
5] 4 2 A 7,2004,40(7):6-9.

[13] ROUVINEN K.Dietary Effects of omega-3 polyunsaturated fatty acids on body fat

composition and health status of farm-raised blue and silver foxes[J].Acta Agriculturae

Scandinavica,1991,41(4):401-414.

[14]  BR/ANHE AR TE AN 8.3 B (im0t 37 Fof i 117 12 1) 2 8 P i B 0 it s g s N ]

B ARNE,2011,32(22):156-162.

[15] WU Y B,RAVINDRAN V. THOMAS D G.et al.Influence of method of whole wheat

inclusion and xylanase supplementation on the performance,apparent metabolisable

energy,digestive tract measurements and gut morphology of broilers[J].British Poultry

Science,2004,45(3):385-394.

[16] L2 2 .0-6. 03 2 WA R RR & I EEAH X & & 52w 1 B 70 2 & [1].) R 4

#1,2012,21(12):32-35.

[17] WAL PR, 8§, A 255 n-6/n-3 25 AN 107 AN [R] EE A5 X6S 47 141 386 28 7= 4 e A % =

PRI 0] 4 B 5K 85,2012,34(23):18-22.

[18] B Az MRk, U hig &, 5 ARDAR I Tt Jn A= P PR e < L 775 IR JoT & R 2 5 T 7 R 2 1k
U2 [J].) PR AR} A2,2003,22(3):171-177.

[19] SIMOPOULOS A P.Evolutionary aspects of diet,the omega-6/omega-3 ratio and genetic

variation:nutritional implications for chronic diseases[J].Biomedicine &

Pharmacotherapy,2006,60(9):502-507.

[20] SIMOPOULOS A P.Evolutionary aspects of diet:the omega-6/omega-3 ratio and the

brain[J].Molecular Neurobiology,2011,44(2):203-215.

[21] PIRILLO A,CATAPANO A L.Omega-3 polyunsaturated fatty acids in the treatment of

atherogenic dyslipidemia[J]. Atherosclerosis Supplements,2013,14(2):237-242.

[22] ISHIDA T,OHTA M,NAKAKUKI M,et al.Distinct regulation of plasma LDL cholesterol by

eicosapentaenoic acid and docosahexaenoic acid in high fat diet-fed hamsters:participation of

cholesterol ester transfer protein and LDL receptor[J].Prostaglandins,Leukotrienes and Essential

Fatty Acids,2013,88(4):281-288.

[23] SCHUCHARDT J PNEUBRONNER J,BLOCK R C,et al.Associations between omega-3

index increase and triacylglyceride decrease in subjects with hypertriglyceridemia in response to

six month of EPA and DHA supplementation[J].Prostaglandins,Leukotrienes and Essential Fatty

Acids,2014,91(4):129-134.

[24] LEE S P S,DART A M,WALKER K Z.et al.Effect of altering dietary n-6:n-3 PUFA ratio on

cardiovascular risk measures in patients treated with statins:a pilot study[J].British Journal of

Nutrition,2012,108(7):1280-1285.

[25] PR, SRR B I 07 R 2% n-6/n-3 LU 5 1M TG B IR B 48040 0% & it 9 ke 0. % o

5N E 7%,2007,14(4):246-249.

[26] RO, PR ER B, SE AR & A FUKF R 2 B e 2 4 KM fe & s A4 45

bR 520 [J]. 54 B L 2008(5):24-26.

[27] i T R R RN AING G BE D RE R[], o [ 2K 8,1999,21(3):4-6.

[28] Frt: 5, T WY, IR, 55 AN [R] S 7R 22 AN TR T 017 R ) 7 B X 4 2 T 6 A JHE I IR Jo it



S [T].75 97 774 41,2003,25(4):383-388.

[29] VLR, &5 g, 55, % E & n-3PUFA & i (R 8 E A R B C (004 B
Mk,2000,21(8):1-4.

[30] GRIMM H,TIBELL A,NORRLIND B,et al.Immunoregulation by parenteral lipids:impact
of the n-3 to n-6 fatty acid ratio[J].Journal of Parenteral & Enteral Nutrition,1994,18(5):417—-421.
[31] WINZELL M S,SVENSSON H,ARNER P,et al. The expression of hormone-sensitive lipase
in clonal f-cells and rat islets is induced by long-term exposure to high
glucose[J].Diabetes,2001,50(10):2225-2230.

[32] WHIERE.ZK & E 7R MLAC R RO AR A, 1993:16-17.

[33] 3R NIEE -3 PUFAs BEINRE /I AR 52 K% il o 2 B ) REMA D] A 2407 18 3075 5
T &5 K%#,2016:30-33.

Effects of Dietary Different Oil Ratios on Growth Performance, Serum Biochemical Parameters
and Intestinal Morphology of Male Silver Foxes during Winter-Furring Period
ZHONG Wei LUO Jing ZHANG Ting SUN Xuyang LI Guangyu®
(State Key Laboratory of Special Economic Animal Molecular Biology, Institute of Special Animal
and Plant Science, Chinese Academy of Agriculture Sciences, Changchun 130112, China)
Abstract: This experiment was conducted to study the effects of dietary different oil ratios on
growth performance, serum biochemical parameters and intestinal morphology of male silver
foxes during winter-furring period. Forty-eight 157-day-old male silver foxes with an average
body weight of (5 450+140) g were randomly divided into 4 groups with 12 replicates per group
and 1 fox per replicate, and they were fed experimental diets containing 14% oil but with different
oil ratios. In the four experimental diets, the composition and proportion of oils were 12.00% fish
oil and 2.00% soybean oil (group 1), 9.38% corn oil and 4.62% soybean oil (group II), 12.00%
corn oil and 2.00% soybean oil (group III), 1.50% fish oil and 12.50% comn oil (group IV),
respectively. The experiment was 7 days for adaption and 40 days for trial period. The results
showed as follows: 1) dietary different oil ratios significantly affected body length (P<0.05), but
did not significantly affect final weight, average daily gain, average daily feed intake, feed/gain
and fresh fur length (P>0.05). The body length of group II was significantly higher than that of
group IV (P<0.05), but had no significant difference compared with groups I and III (P>0.05). 2)
Dietary different oil ratios significantly or extremely significantly affected serum triglyceride (TG)
and low density lipoprotein cholesterol (LDL-C) contents (P<0.05 or P<0.01), but did not
significantly affect serum high density lipoprotein cholesterol (HDL-C), cholesterol (CHO) and
glucose (GLU) contents (P>0.05) . The serum TG content of group II was significantly lower
than that of groups I, IIl and IV (P<0.05). The serum LDL-C content of group [ was extremely
significantly higher than that of groups II, IIl and IV (P<0.01). 3) Dietary different oil ratios
significantly affected serum globulin (GLOB) content (P<0.05), but did not significantly affect
serum total protein (TP), albumin (ALB) and urea nitrogen (UN) contents (P>0.05). The serum
GLOB content of group II was significantly higher than that of groups III and IV (P<0.05), but no
significant difference was found between groups I and II (P>0.05). 4) Dietary different oil ratios
significantly affected serum complement 4 (C4) content (P<0.05), but did not significantly affect
serum immunoglobulin A (IgA), immunoglobulin M (IgM), immunoglobulin G (IgG),
complement 3 (C3), tumor necrosis factor (TNF) and interleukin-2 (IL-2) contents (P>0.05). The
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serum C4 content of group III was significantly lower than that of group I, II and IV (P<0.05),
and there was no significant difference among groups I, II and IV (P>0.05). 5) Dietary different
oil ratios extremely significantly affected intestinal villous height crypt depth and villous
height/crypt depth (P<0.01). The villous height of group Il was extremely significantly higher
than that of groups I, III and IV (P<0.01), and the villous height of groups III and IV was
extremely significantly higher than that of group I (P<0.01). The crypt depth of group I was
extremely significantly higher than that of groups II, III and IV (P<0.01), while no significant
difference among groups II, III and IV (P>0.05). The villous height/crypt depth in group II was
extremely significantly higher than that of group I (P<0.01), and significantly higher than that of
group IV (P<0.05), but had no significant difference compared with group III (P>0.05). The
results of this experiment indicate that diet containing 9.38% corn 0il+4.62% soybean oil as oil
source can reduce serum TG and LDL-C contents, enhance serum GLOB content, improve
intestinal morphology, which is beneficial to promote the body length of male silver foxes during
winter-furring period.

Key words: oil ratio; silver fox; growth performance; serum biochemical parameters; intestinal
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