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Effects of dietary n-6/n-3 PUFA ratio on serum biochemical parameters
in male arctic foxes and silver foxes during growing period
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Abstract:[Objective] This experiment was conducted to study the effect of dietary n-6/n-3 PUFA ratio
on serum biochemical parameters of male arctic foxes and silver foxes during growing period. [ Method]

The double factor design was used with one factor of breed including arctic fox and silver fox and the other
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factor of n-6/n-3 PUFA ratios including 3,6,9 and 18. Forty-eight male arctic foxes and silver foxes at the
age of 102 days were randomly divided into 4 groups after 7 days adaption, with 12 replicates per group and
1 fox per replicate. The foxes were fed on experimental diets with different n-6/n-3 PUFA ratios for 46
days. After the experiment,serum samples were collected for the determination of glucose (GLU) ,triglyc-
eride (TG) ,cholesterol (CHO) ,low density lipoprotein cholesterol (LDL-C), high density lipoprotein cho-
lesterol (HDL-C) ,immunoglobulin G (IgG) and immunoglobulin M (IgM) ,interleukin 2 (I1.-2) , total pro-
tein (TP), albumin (ALB) contents. Both globulin (GLOB) content and albumin/globulin (A/G) ratio
were calculated. [Result] 1) Serum contents of TG, CHO and HDL-C of arctic fox were extremely signifi-
cantly higher than that in silver fox (P<C0. 01),while LDL-C content of silver fox was significantly higher
than that in arctic fox (P<C0. 05). The n-6/n-3 PUFA ratio had significant effect on serum CHO, LDL-C
and GLU contents, while had no significant effect on TG and HDL-C contents. Interaction of n-6/n-3 PU-
FA ratio and breed significantly affected serum GLU content and extremely significantly affected serum
LDL-C content, while did not significantly affect serum TG,CHO and HDL-C contents. 2) Serum IL-2 con-
tent in arctic fox was significantly higher than that in silver fox (P<C0. 01). The n-6/n-3 PUFA ratio sig-
nificantly affected serum I1.-2 content, while did not significantly affect serum IgM and IgG contents. Inter-
action of n-6/n-3 PUFA ratio and breed significantly affected serum IL-2 and IgM contents, while did not
significantly affect serum IgG content. 3) Serum TP, ALB and GLOB contents in silver fox were signifi-
cantly or extremely significantly higher than that in arctic fox. The n-6/n-3 PUFA ratio and interaction of
n-6/n-3 PUFA ratio and breed did not significantly influence serum TP, ALB,GLOB and A/G contents.
[Conclusion)] There were differences in physiological metabolism between arctic foxes and silver foxes. Ex-
cept for LDL-C,serum lipid indexes of arctic foxes were higher than that of silver foxes, while serum pro-
tein parameters of silver foxes were higher than that of arctic foxes. When the dietary ratio of n-6/n-3 PU-
FA ratio was 18, serum glycolipid parameters of foxes were reduced and glycolipid balance in body was
maintained. When the n-6/n-3 PUFA ratio was 3, foxes were in good immune status.
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Table 1 Composition and nutrient levels of the diet (air-dry basis)
i H e R 415 Group
Ttem Component/Index m v
W4k E K/ % Extrusion corn 35.75 35.75 35.75 35.75
TH/ % Soybean meal 12.00 12.00 12.00 12. 00
EHKBEEAM/ Y% Corn protein meal 9. 00 9. 00 9.00 9. 00
iy NGB -Y
;):i?ﬁifé\rz(;ﬁgzjms with solubles 3.99 3.55 8.99 8.55
a4/ % Fish meal 16. 00 16. 00 16. 00 16. 00
J5kF Ingredients WKy / % Meat meal 10. 00 10. 00 10. 00 10. 00
M B/ % Lys 0. 80 0. 80 0. 80 0. 80
FEHER/ Y% Met 0.40 0. 40 0. 40 0. 40
WiiR AL/ % Premix 1. 00 1. 00 1.00 1. 00
fi i/ % Fish oil 6.85 6.77 6.11 0. 00
Fokih/ % Corn oil 0. 00 1.23 1.89 5.36
Z/ % Soybean oil 1.15 0. 00 0. 00 2. 64
R A5/ % CaHPO, 3. 00 3. 00 3.00 3.00
aih/ % Salt 0.50 0. 50 0. 50 0. 50
fRHRE/ (M « kg™ 1) ME 14.12 14.00 14.16 14. 04
HMEA/ % CP 30.13 29.13 30. 47 29. 67
Mg/ % EE 10. 11 10. 07 10. 42 10. 36
MK 4/ % ASH 8.63 9.28 8. 88 9.49
343 Nutrient ek fb&8/ % CC 43.13 43.52 42,23 42. 48
AR/ % Lys 1.09 1.09 1.09 1. 09
HRM/ % Met 0.76 0.76 0.76 0.76
#5/% Ca 1.58 1. 67 1. 81 1.82
/% P 1.05 1.05 1.17 1.18

TE A TS BER A A - Va 300 000 UL Vi, 200 000 1U, Vg 4 000 mg, Vi,
iz 50 mg,JZ & 2 200 mg, =¥ %K 1 600 mg., ZALAHHL 120 mg, Ve 12 000 mg,Fe 4 000 mg,Zn 3 200 mg,Mn 1 600 mg.I 80 mg,Se 12

mg,Cu 500 mg, HL&E AR

50 mg,VB1 400 mg,Vg? 500 mg,VB6

¢ MU W7 LI 23 I R R R L B O I L A TSR

200 mg,VBl? 4.2 mg, M

Note:One kilogram of premix contains: V4 300 000 IU,VD3 200 000 TU, Vg 4 000 mg,VK,3 50 mg.VBl 400 mg, Vg, 500 mg,VBG 200 mg,

Vg, 4. 2 mg, folic acid 50 mg,pantothenic acid 2 200 mg, biotin 1 600 mg,choline chloride 120 mg, V¢ 12 000 mg,Fe 4 000 mg,Zn

3 200 mg,Mn 1 600 mg,I 80 mg,Se 12 mg and Cu 500 mg. CP,EE, Ash,Lys and Met,Ca,P were measured, while the other nutrient

levels were calculated.
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Table 2 Fatty acid composition of experimental diet

Ng i ik 5 Groups
Fatty acid 1 I m v

Cl2:0 0. 00 0. 00 0.00 0.00
Cl4:0 0. 83 0. 82 0.74 0.01
Cl4 : 1 0.00 0.00 0.00 0. 00
Cl5: 0 0.03 0.03 0.03 0. 00
C15: 1 0.00 0. 00 0.00 0. 00
C16 : 0 4. 89 4.53 4. 24 2.35
Cl16 : 1 2.37 2.34 2.11 0.01
Cl7: 0 0.03 0.03 0.03 0.02
Cl17 1 0. 00 0. 00 0. 00 0. 00
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Fatty acid 1 I 1T v
Cl18: 0 1.02 0. 87 0.81 0.63
C18 & In9t 0. 00 0. 00 0. 00 0. 00
C18 : In9c 17.59 17.07 16. 58 13.06
C18 : 2n6t 0. 00 0. 00 0.00 0.00
C18 : 2n6¢ 7.66 9.46 12.92 41. 83
C20:0 0.03 0.03 0.03 0.08
C18 : 3n6 0. 00 0. 00 0. 00 0. 00
C20 1 0.10 0.10 0.10 0.05
C18 ¢ 3n3 1.11 0. 14 0.14 2.32
C21:0 0. 00 0. 00 0. 00 0. 00
C20 ¢ 2n6 0. 00 0. 00 0. 00 0. 00
C22+:0 0.01 0. 00 0. 00 0.03
C22 : 1In9 0. 00 0. 00 0. 00 0. 00
C20 : 3n3 0. 00 0. 00 0. 00 0. 00
C23:0 0. 00 0. 00 0. 00 0.00
C20 ¢ 4n6 0.05 0.05 0. 04 0. 00
C22 : 2n6 0. 00 0. 00 0. 00 0. 00
C24: 0 0. 00 0. 00 0. 00 0.01
C20 ¢ 5n3 1.10 1. 09 0.98 0.00
C24: 1 0.01 0.01 0.01 0. 00
C22 : 6n3 0. 36 0. 35 0.32 0. 00
SFA 6. 80 6.25 5.83 3. 10
MUFA 20.08 19.52 18.79 13.11
PUFA 10. 27 11.09 14. 40 44,16
n-6 PUFAs 7.71 9.51 12.97 41. 84
n-3 PUFAs 2.56 1.58 1. 44 2.32
n-6/n-3 PUFA 3.01 6.01 9.02 18.03

1 SFA M FPENR TR » MUF A g BN 1 P i 5 B2 . PUF A S 2 AN 1R R D5 R
Note: SFA. Saturated fatty acids; MUFA. Monounsaturated fatty acids; PUFA. Polyunsaturated fatty acids.
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Table 3 Effects of dietary n-6/n-3 PUFA ratio on serum glycolipid parameters contents of arctic foxes

and silver foxes during growing period mmol/L
i = i e BRI I B 2 1 CL
Items TG content CHO content HDIL-C content LDL-C content GLU content
3 1 0.58+0.07 aA 1.09+0. 52 abAB 1.130. 27 abAB 0.07+0.02 bB 1.99+0.49 aA
Group 2 0.58+0.13 aA 4.3840. 87 aA 4.40+0. 82 aA 0.09-40.03 bB 4.23-40.92 bedAB
3 0.6040.10 aA 3.78-0.25 beABC  3.85+0.27 abABC  0.0840.02 bB 3.8340.96 dB
4 0.5440.02 aA 3.83-50.57 abcABC  3.92+0.63 abABC  0.0840.02 bB 3.98-+0. 61 cdB
5 0.4240.06 bB 3.49+0.31 cdBCD  3.59+0.27 beBCD 0,150 04 aA 4.56-0. 43 abcAB
6 0.3340.07 bB 3.09-+0. 48 deCD 3.24-+0. 48 ¢dCD 0.09-40.03 bB 4.41-0. 20 abed AB
7 0.39-40.06 bB 3.01-0. 32 deD 3.1240. 30 ¢dD 0.09-40.03 bB 4.67-0. 36 abAB
8 0.40-40.04 bB 2.90-0. 63 eD 3.02-40.67 dD 0.07-40.03 bB 4.35-0. 48 abed AB
o A 3k JEHINCA)  0.57540.09 aA 4.022+0.61 aA 4.08%+0.56 aA 0.08+0.03 b 4.2640. 86
Breed effect  myr(S)  0.3840.06 bB 3.12+0.49 bB 3.2440.49 bB 0.1040.04 a 4.50+0.39
n6/n3 PUFA R1(D) 0.45440.13 3.79+0.51 a 3.86+0. 38 0.1140.05 a 4.7840.49 a
FG 380 R2 (6) 0.49840. 14 3.7340.95 ab 3.82+0. 88 0.08940. 04 ab 4.3240.64 b
n-6/n-3 PUFA p3 (9 0.49640.13 3.3940.48 b 3,490, 46 0.08640.02 b 4.2540.82 b
ratio effect b (1) 0. 46820, 08 3.3640.59 b 3.4740.61 0.0760.02 b 4.1740.56 b
413 Group <0.000 1 <0.000 1 <0.000 1 0.000 5 0.009 1
P S Breed <0.000 1 <0.000 1 <0.000 1 0.030 5 0.116 4
P value L il Ratio 0.313 0 0.047 3 0.053 6 0.046 6 0.030 2
ih i< H B 0.278 9 0.305 2 0.366 9 0.002 3 0.037 6

Breed X Ratio

] — 100 H [ 5050 5 AR AR [ NG 8 R 22 5 3 (P<C0. 05) AR AS ) K5 8 R 22 S B 3% (P<<0. 01) . I,

Note:In each column, different capital letters mean significant difference (P<C0.01) and different small letters mean significant difference

(P<C0.05). The same as below.
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Table 4 Effects of dietary n-6/n-3 PUFA ratio on serum immune parameters contents of arctic foxes and

silver foxes during growing period ng/mL
i { HEREHA M HWEREH G HA %2
Item IgM content IgG content 1L.-2 content
1 7.1140. 18 abc 12.7840. 49 4.2040.57 aA
2 8.234+0.26 a 13.1040. 47 2.9840.42 bB
3 5.74-0.20 ¢ 13.41+1.11 3.10-0. 49 bB
f{‘ir’zlip 1 6.08=0. 22 be 13.2741.05 2.86=+0.65 bB
5 7.85-£0.16 ab 13.7240.55 2.714+0.51 bB
6 6.9640. 13 abe 13.154+0. 42 2.92-£0. 80 bB
7 8.3140.09 a 13.67+0. 48 3.03-0.42 bB
8 6.33-0.18 abc 13.2840. 61 2.46-+0.61 bB
SRR Breed effect LA CAD 6.76+0.23 13.1440. 80 3.224+0.71 bB
HR () 7.3240.16 13.4740. 55 2.86-£0.61 bB
N R1 (3) 7.4540.17 13.3140. 67 3.3940.93 a
22;22 gg?ﬁ IR R2 (6) 7.54+0, 21 13,1340, 43 2.95+0, 63 ab
ratio effect R3 (9) 7.01£0. 20 13.56+0.78 3.0640. 44 ab
R4 (18) 6.16-0.19 13.28+0. 82 2.65-+0.63 b
4151 Groups 0.033 9 0.201 3 0.001 8
P i Breed 0.2299 0.091 7 0.001 7
P value L5 Ratio 0.1515 0.432 4 0.043 5
fl il X e 9] Breed X Ratio 0.029 7 0.251 4 0.019 9
2.3 fAR n6/n-3 PUFA Lt B X & B HA Jt 4R K A SO R T, A R I A/G TG R
SRIN M5 | B 46 R 09 &2 D (P>0.05),n-6/n-3 PUFA H ] 5 —1F F Je 55 b

35 AT AL A n-6/n-3 PUFA HBIRY WA L EAEMXSIIE TPV ALB.GLOB B ikl A/G
PRI TP #1 ALB Btk AR B &F 2w (P<< W RBFZWE(P>0.05),
0.0D) ARINIM#E TPLALB 1 GLOB Jit bt ¥ i @ 3%
x5 {AM n6 /n-3 PUFA EE I3 & B B AL R INFNSRIN ML 75 | B4R AR 09 %21
Table 5 Effects of dietary n-6 /n-3 PUFA ratio on serum protein parameters contents of arctic foxes and

silver foxes during growing period

WA MR/ HEHA/ BREH/ U (/R 1
Ltem (gL H (gL H (gL H A/G
TP content ALB content GLOB content '

1 53.1142.78 c¢dBC 32.6842.13 aAB 20.4443.56 1.65+0. 35
2 51.6843.74 dC 29.7042.48 bB 21.9843.22 1.3840. 26
3 52.86+2.42 cdBC 32.6142.57 aAB 20.2544.40 1.7040.47
%r?;ip 4 54.28+4.69 bedABC 33.2843.13 aAB 21.0044. 16 1.65+0. 38
5 57.66+2.81 abAB 33.7342.09 aA 23.9442.09 1.424+0.15
6 55.537+2.53 abcABC 33.7542.39 aA 21.7841.25 1.5540. 15
7 58.35+1.69 aA 34.8341.91 aA 23.53+1.58 1.4940. 16
8 54.98+4.93 abcdABC  34.1643.08 aA 20.8142.72 1.66+0. 21
= R JEIRCA) 52.9843.47 bB 32.0742.84 bB 20.9243.73 b 1.59+0.37
Breed effect IR (S 56.63+3.38 aA 34,12+2.33 aA 22.5142.29 a 1.53+0.18
R1 (3) 55.39+3.57 33.72+2.10 21.894+3.35 1.5440.28
n-6/n-3 PUFA L) %% R2 (6) 53.60+3.67 33.20+3. 14 22.1942. 36 1.4740.22
n-6/n-3 PUFA ratio effect  p3 (g 55. 6143, 47 31,7342, 46 21.88+3.61 1.5940. 35
R4 (18) 54, 63+4. 66 33.7243.03 20.9143.39 1. 6540. 29

5 Group 0.001 9 0.008 1 0.148 9 0.229 3

i{vﬁalue il Breed <20.000 1 0.001 8 0.042 3 0.393 4

H 1 Ratio 0.334 9 0.090 9 0.665 9 0.316 2

i A X HE ) Breed X Ratio 0.220 7 0.266 0 0.155 2 0.161 0
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3.1 A% n6/n-3 PUFA bt i %t & A 87 b #% IR 0
SR 1 & ¥ A 18 #R B9 52 M
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I L 1 £ HE S o DT B AR CHO [ 7K1 iy
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T B AR M CHOL TG, LDL-C #J+ % HDL-
C B 1EH - B LDL-C #1 HDL-C 48 4k 8 Wi A K.
PRSI BF TS K WL R n-6/n-3 PUFA [t 75
B, & BIALAR N 3 LDL-C 1 HDL-C % & A B
K%, TG.CHO f1 GLU & & L W28k, A<k
By 45 BB OR A n-6/n-3 PUFA ] 81— 1 F %t
JEB IR AER IR M3 TG A HDL-C ¥ £ ¥ JC B & 5%
M E X 1% CHOLLDL-C F1 GLU ¥ i 5% i 3%
MEAK n-6/n-3 PUFA R 18 B (4 40 f1 8 41) .
e AR A1 4R K 1 7 TG. CHO, HDL-C, LDL-C #I
GLU ¥ B AHXT AR, W] n-6/n-3 PUFA Lt 1] %4 5
{14 ) A B A R T R AL AR TR AR A i B 7 1 AR
W5 R SCHERRGE 25 R A AR 3R] 5 U 3
Wy i ol B iy b A= A B ) A B Rl R 5 Ak B A
K AR A HE R n-3 PUFAs & 8 AHIT.n-6 PU-
FAs &% #ib 1, B It n-6/n-3 PUFA 4] (9 A~
[l EZEZEIM N n6 PUFAs % n-3 PUFAs 3= 4 4]
HIVER 2R A 25 R R, AL IR 3 g 2%
o br & i A AR AT RE S W R i 2 Ak o
FE T AN B s 1 g B DUBRL AR okl 2 3 &
(1 BE Tt (4L 10 DA T R R FE PR DL R B AR OIR
FERR 2SR HLAE 5 A AR AN, X 5 Rouvinen™™ [y
WS A — 8, BRI INE TR E (A F
WS R W G AR AT Jig s A5 77 180 AN (] 7 oAt 50 15 3
P AR PR A F P IRARSE
3.2 {A# n6/n-3 PUFA bt i %t & A 87 b #% IR 0

SRIN M i 2 & HE AR A9 S5 M

n-3 PUFAs 2 20 i il A5 19 3 22454 147 - fig
% 8 Y 240 L R G 8 2 A T AH G R DR ) 3R 3k L DT
5 W0 240 JEL £ 90928 BB s n-6 PUF As 7E HLAR AR5
B TR R L B A R A I A ol i 2R A
A ML Ak 55 VR 2 7 AR — B S A
FHEEN R ne6/n-3 PUFA I i /R 57 i 0] 7] B

IR N I | N o Rl | = [ S 1)
55 249 3% WL TR XS 26 X8 1L 35 1eG /K SF Bt & 1l B
n-6/n-3 PUFA LBy b THim T B w AL A5 #F 52
F WK n-6/n-3 PUFA LLBIIHAR (6 = DA, 42 H
B MGG 1gA IgM .| 1gG & EA XK & . 06
AR SE F WL NTA] n-6/n-3 PUFA F ) 1) 5] AR %t
A BWIERININTE 1gM | 1gG F1 1L-2 & & ¢ & 5%
M, A 25 R B R, AR n6/n-3 PUFA 6] 5
— A B R A A IR AAR A 1M 7 TeM il 1gG i
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RS R, Horp n-3 PUFAs AR 52 2 8¢ & L ] n-6
PUF As )55 4 P40 il i 40 5 Th B AT BT 3 -
SR AP 5 n-6/n-3 PUFA 6] 3¢ 5/ I % A Il 5
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— A B 5 R 28 VR R I TL-2 5T o vk R A
B EEW, Y n6/n-3 PUFA % 3 B, L IR
Iy TgM A1 TL-2 Jig & ok B2 38 & 1 n-6/n-3 PUFA
Fe il 2y 9 B BRI S TgM A TL-2 J57 s i 32 A X %5
1o o {H 5 H At L 8] ) R 22 S 0 OR 2 X
B WFFE s A — 3. n-6/n-3 PUFA 1 3& B 8 1
AT A LA DR A 5 G 18 S IR S
3.3 f@#R n-6/n-3 PUFA Lt {5 X} & B HA 4t 4% I #0
SRR M 75 F [ 5 AR A R0
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GLOB & & 23 16 7E 5990 75 50 40 w0 I AR i s 00~ A
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A/G EB i A8 3 R 2 DL DY G e 1 RE Y A Ak,
EHAE BT S AL RE 0% CRIF M V8 P 10 2R 1 0 o7
AT 245 1 i AR PRI RE . ma AL PR B 5T R T A
M n-6/n-3 PUFA L4 4 AR 9 1) B AT 4 e 4% JH 38 1
1 ALB F TP & &, % H A 22 Ty e A filt Btk 25 i 2
FrEA U R . SRS BF ST EE . AA RS I T
ALB % & ffi n-6/n-3 PUFA H B9 BEAR R JETH R G
RS (HXT IS TP & & KR E R m. AR5
iR R, R n6/n-3 PUFA i X 5 AR 1M 7
TP.ALB.GLOB G W E & A/G T E %0, %
55 1R SOk E N SR AH TR AT RE S350 sl R
LT Ak A A B B ) A PR il R0 3 6 A B TR O
I35 B 118 i 2l o A R B T R R A G
37 N R B 1 0 AR SR I 2 R R
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