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41, PGE2 (BL AA SHITHAO) AMURIEH S IR RAER], 182 R A5 50 i % H 1 -«B
(NF-xB) &%, e R4EHF—MRIRIEHE T (TNF) —o. AN FR-18 (IL-1B)
HAAAN 25-6 (IL-6). FREAMEE-2 (COX-2) M—E MR & HGEANOS)/KF-FH. ©-3 PUFA
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I TR A i AL AR AR (MHCTD) R, I S5 55 %
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e W ST XS AR U b o R, ARG 7 i e 397 EECR SRR o I N AR T3] 7K T 7 €613
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1 MRS 7
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WIIEH 31 AR AN R AP FPREEREAR IS NS 450 X, SRA 7 e A REHLIK
it BENL s AN, BH e MESE, BAEE 15 A, M4 (1 4) FRER-GH
BRI, RO (2~5 4D EFRERNIRRREL A _E 2y N 0.54%. 1.08%. 2.17%A1 4.34%H]
i, DHA &850 58 0.67.1.35.2.70 11 5.40 mg/gClSEME N 0.76.1.13.2.73 1 4.55 mg/g) .
3 TR PR A, Sl DHA 580 125 mg/g. 410 (AL M8 37K
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Table 1 Composition and nutrient levels of diets (air-dry basis) %


http://baike.baidu.com/subview/66326/66326.htm

23| Groups

TiH Items

1 2 3 4 5
J5UE} Ingredients

%k Corn 55.45 57.80 55.75 54.88 51.20
T Soybean meal 27.47 27.38 27.40 27.20 26.61
#%k Wheat bran 1.00 1.00 2.00 4.00
3 Fish ol 0.54 1.08 2.17 4.34
FERTH Palm oil 4.20 2.40 2.50 1.80

i Limestone 9.00 9.00 9.00 9.00 9.00
frih NaCl 0.30 0.30 0.30 0.30 0.30
DL-E% R DL-Met 0.09 0.09 0.09 0.09 0.21
HETR Lys 0.13
WERES CaHPO,4 1.00 1.00 1.00 1.00 1.00
ikl Premix" 1.46 1.46 1.46 1.46 1.46
Pk Antioxidant? 0.03 0.03 0.03 0.03 0.03
AHK Zeolite powder 0.39 0.07 1.72
it Total 100.00  100.00  100.00  100.00  100.00
EI2KF Nutrient levels?

UtEE ME/(MJ/kg) 11.49 11.49 11.49 11.49 11.49
FEHB CP 16.81 16.81 16.81 16.81 16.81
5 Ca 3.37 3.37 3.37 3.37 3.37
B AP 0.33 0.33 0.33 0.33 0.33
HEEL Met 0.36 0.36 0.36 0.36 0.44
AR Lys 0.89 0.89 0.89 0.89 0.89

DIVE AR AT e AR P24t Premix provided the following per kg of diets:VA 12 500 IU, VDs 4 125 IU,
VE 151U, VK2 mg, fiiiff¥% thiamine 1 mg, #Z%iH &K riboflavin 8.5 mg, 7ZH45 calcium pantothenate 11 mg,
JHER niacin 32.5 mg, MERSEE pyridoxine 8 mg, A% biotin 0.5 mg, &M dihydrofolic acid 1.25 mg,
VB2 0.02mg, Mn65mg, I1mg, Fe 60 mg, Cu8mg, Zn66mg, AHHH choline 1 000 mg, FEHIREF phytase

300 mg; ZEfiifT montmorillonite 1 000mg, F#BFETFEY) yeast culture 10 go



DHEATIAE T 7 AR R4t Antioxidant provided the following per kg of diets: Z. %8 ZE MK ethoxyquin
150mg, VE 100 mg, # %W} tea polyphenols 50 mg.
I REAN A 2 AT BE, H 4 Ns2ill{E . The ME and AP were calculated values, while the others were

measured values.

2 VIRMEITRRARN (FHIFEALD

Table 2 Fatty acid composition of diets (DM basis) mg/g
IiH Items 3 Groups
1 2 3 4 5

C12:0 0.31 0.34 0.28 0.28 0.34
C14:0 0.51 0.73 1.12 2.24 3.27
C15:0 0.03 0.07 0.10 0.22 0.35
C16:0 24.47 17.02 18.61 20.60 14.59
Cle:1 0.15 0.56 1.07 2.46 3.82
C17:0 0.09 0.11 0.16 0.31 0.44
C18:0 3.1 2.30 2.56 3.21 2.80
C18:1 n9%¢ 28.87 18.96 20.61 21.20 13.01
C18:2 néc 24.39 21.25 21.95 23.09 20.92
C18:3 n3 1.44 1.52 1.44 0.04 0.04
C20:0 0.05 0.26 0.30 0.38 0.39
C20:1 0.16 0.21 0.28 0.52 0.81
C21:0 0.02 0.03 0.04 0.07 0.12
C20:3 n6 0.00 0.01 0.02 0.15 0.08
C20:4 n6 0.00 0.08 0.15 0.33 0.50
C20:5n3 0.02 0.55 1.13 2.79 4.51
C22:0 0.03 0.12 0.13 0.17 0.16
C24:0 0.17 0.21 0.30 0.57 0.76
C22:6n3 0.03 0.76 1.13 2.73 4.55
C24:1 0.01 0.02 0.05 0.11 0.05

YRR IR SFA 28.75 21.19 23.59 28.03 23.23




ZAMFIRPIR PUFA 25.88 24.17 25.81 29.03 30.61

-3 ZAMHNENER ©-3 PUFA 1.49 2.83 3.70 5.56 9.10
0-6 Z AT R ©-6 PUFA 24.39 21.34 22.11 23.47 21.51
©-6 Z AN AN G 7 2 /00-3 22 AN A g I 2 16.36 7.55 5.97 422 2.36

-6 PUFA/»-3 PUFA

12 fEFREH

RIAGRA 3 BALARGESR, 53 X, KM 5 2 A6, BRI B 5.
I B R EAYOK, BRI AN (16 h/d), JEREERE 20 1x, & (20+2) C,
FHXFIRE 50%~60%, H SR XG5 & M U@ R BERTEFE 2 I, BT 1 I %
$Eo FERMEREL3 Y (08: 00, 13: 00 F118: 000, 8 1 . WRIEHAM 1 A, 1EH 12
Ji o
1.3 fabrillse 577
1.3.1 G s e Ao e

BRI 12 AR, SESH 2 RAREMATNEY, RE, SEH0SULBoE, SR
Ji%, AR E

i R F 550 (%6)=1 00> i i 953 /4 7
46 250 (%o)=100 [l AT 4 2/ R 2

132 MiERZEIRER A JgA) EEME

ER 12 K, SEEI T R, FHEREFERME, 200 &HCR I 2~3 mL,
37 CAKIBBR/KIBIFE 6~7h, B LZMIE, 73, —20 CHEff. FH Abcam A &% IgA iX
FRGAS I ML 375 Y TgA B
133 MiEHEE . &R HO HifdK-FlE

XHERAL (1 41D M 3~5 LS ULAES BT A% (RGBT 5 La Sota bR & U
HO WA, SS/94 #k) —IBCKIEEEM o 20l TR AOAIESS S 7. 14 A1 28 d K, 4% LS
(750, 1.3.2). A H] IDVET &R HO 4K 55 4 B IBe S 2 W FRHatie: (ELISA)D 7 & s il
PUAIKF, AR SIN%[ROGEE (OD) # 4 {E/OD BIMEAE %] %7, S/N%HAK, F W] HO $1
oKl . (F IDVET B i ELISA 17 G Mz Hiik 7K F
1.3.4 IS R 12 IR ek I

B 12 JBoR, SRS RN, SEHORLESE, BRI 10 g 24 T RNA {R4°



Wb, BTWAE. 4 CHME RNA Y%, B 80 mg & 17 1 mL Trizol [ 1.5 mL JCEFE 1,
BT (SR 60 Hz HFES 60s, 70/ RfEMATAIAL: A 200 pL & 454k
% 30s, 4 ‘CH$HE 3 min, 12000 r/min 0> 15 min; 3K EH LS b, ALK
FUREE, 4 CH#E 30 min, 10 000 r/min &0 10 min; 3¢ FIERUTE, 75%IEAGHER 2 1K,
F BRI, B 20~50 pL TEEE/KIEMUTIE, —80 CLRAF. S AMT WA tu T (H
A BioSpec-nano A ) JIE & RNA WKFE X AESE, P FEM OD HfE (OD260 nn/OD2sonm) 7E
1.8~2.0, 1% fEHEHES F VKA LG RNA SERMEAERETIAS—IEE) , DYY-6C &),

f# Fl R AR FastQuant RT Kit (with gDNase) ¥ #5351 #0655 RNA 0054588 cDNA[H
A& Z: 1 FastQuant RT Kit (with gDNase) #iEH45], Fifs cDNA T —20 CORfFELEFEH T3¢
i} 7 € £ PCR Kl o

SR ¢ 8 B PCRAGIN B IR £ R R I 150 : 158 H KR SuperReal PreMix Plus(SYBR Green)
AR B4 A R-2 UL-2). IL-6. A4/t ER-10 (JL-10) MFHFR—y UFN-y) FEH
MERIE R, LR 2 ®PCRIX (E[EBio-Rad) & . AHFFARYEGenBank I 2 i )
RSIL-2. IL-6+ IL-10FIFN-y3E K )R SPAZ R JT 51, FH Primeris it FF-& B R F 1 514 (5]
YT 5 W#3), LLcDNANBHRIEATPCR . . LAB-EE A (B-actin) KikEAZLL, H
2MMCE B BRI AR, P ACERFIEERICt— A SR FEC; AACEIRIGA
ACt— X R ACt.

®3 5

Table 3 Primer sequences

FEYIR /N GenBank &35
#K Genes S|¥)F % Primer sequences (5—3”)
Product size/bp GenBank accession numbers

F:TGGGAGAAGTGGTTACTCTGAAGAA
HYIM AR -2 IL-2 122 NM 204153.1
R: GGTGTGATTTAGACCCGTAAGACTC

F:CCTCCTCGCCAATCTGAAGTCA
H 4 A 26 IL-6 100 NM204628.1
R:CCTCACGGTCTTCTCCATAAACG

F:GCTCTGAACTGCTGGATGAGT
H 4/ 5=-10 IL-10 127 NM001004414.2
R:ATGCTCTGCTGATGACTGGTG

F:GCTGACGGTGGACCTATTATTGTAG
T E—y IFN-y 190 NM205149.1
R:ATGCTCTGCTGATGACTGGTG




F:ATGATATTGCTGCGCTCGTT
B-WZhEH B-actin 145 NM205518.1
R:TCTTTCTGGCCCATACCAACC

1.3.5 Rk bk C2S 40 88 B8R ) 200

FERLE AR EL A M P o) . IEARMA 12 K, XHRRAL. 3~5 AU E A 1 HRY, ToRE
AT, JRIEEL 10 g 2245 B T 200 B E M E, FR A 1~2 mL JC# Hank’s %, H7G
TR BRI A A4 JR e AL A B, ot b B4 B9, 1000 r/min 500> 10 min (4 °C), Hank’s
WE R, 1000 r/min 2.0 10 min (4 C), F4IMEIET 2 mL RPMI1640 B 750, FFiRE 2
2x10”M/mL.

PRI : A% HI %5 5 K Annexin V-FITC 41 P8 TR MR & o o) 48 70 LUK vk B2 4 i %
TR T B RR 22 v (PBS) Bk 2 WK, ] IxZ5 &2 pPil E B4, WAy 1x10°4/mL.
4 100 pL(2 1103 MDA 22 5 mL ARG 728 4, A 5 uL 1 FITC ISR 5V (FITC
Annexin V) 5 uL JBULARE (PD. Biiale, #5625 CHE 15 min. A 400 pL (¥

I}EEE M. fE 1T h i ERR4IMA (£ Guava® easyCyte 2471, Al A bk 2. 41 g
TR

SEFEATI . REAERRRE TR AT 23107 AN/mL P RRE A0, S 96 LA R IR
B, BEFL 10 pL 0 2 FL, 5 —FLINA 90 uL & A J) S EREE EH (ConA, SIGMA A D] RPMI1640
R (ConA RFZH 20 pg/mL), 5 —FLINIA 90 uL RPMI1640 £5753E . BEH 4 2 A xR
FL U RPMIN640 Bi 772 85), T 5% %4kl (CO2) Hi74H 37 CHFF 72h. i Abcam
Brdu Cell Proliferation ELISA Kit il & #EAT Wk 4R UG FE I LI E » 56 48~72 h N, &E4LIN
NFBEJE ) BruU FRici 10 pL, 5538 12~24 h. #% M8 BrdU ELISA #6138 7 & rb 45 0% 58 Jfont
L PR EEL 2 P S B AR P DU R, 7E 4507540 nm XU Rl € B FL OD 1K
L4 HaEgih i

IS EE K SPSS 19.0 B LK 2 77 250 H1 (one-way ANOVA) F2/7, #ATHF R
77750 #t, H Duncan [RIEHEAT 2 B ECEANEEFR A G 04 B35 7K1 P<0.05, #E#HoKF
N P<0.10. 45 R LFIERIFRE IR R R .

2 HRET

ARG F=HERR G SRR (B AR K, ARIKFEil i S E = EE, P

BE, FEEMTHHXEELEEL (P>0.05), i 434% M4l (54D BELEE

ET A (P<0.05),



2.1 GRPHRVA o ey o X G s B B i ORI AR % 1 5

HIZ 4 TN, DR VRO fE ol X B AR i ORI i R AR BT B R (P>0.05), X ARG
175 TgA FEMTLEFLE (P>0.05), Hh 4.34%miHA M55 gA S EEHE. REEARH
FF I8 257 1037 G IR0 HO BUiAACFRIZS S (B D R, ffEfs 7 8 14 d, RIGLA MG &R
J& HO Hiid S/NYE K T XHRAL (P<0.05), R ikie 4 s & iek HO PriksK-F &
TRIRAL(P<0.05), Hert 2.17% 8 il AL /K1 i (EAN RN ER 2H 18] T .25 72 57 (P>0.05);
T )5 28 d, IR ZH ML & & HO Hiik SIN%E A T X HAL % (P<0.10), F£oRikEs
LT B AU HO B/ s TR s, Kb 434% il Aok s . BE R
PEJE I TN, #5203 B K HO ik SINY B AR, R WL & & HO FiikK FiE
WTE e G S AN [ B TR) 5 ML BT P KPR S SR (8 2) R, s 7d, W5
ZH M B Foid KT B2 T AL (P<0.05), Firfr 1.08% fha i 4 I 375 57 3% it A K F
B k) 14d, RIGAILE IR BUA K B8 s T A (P<0.05), (A% 4 10
TR EZER (P>0.05); HPEE 28 d, R4 & B P S0 IR T B 3% %57
(P>0.05), Hr1 1.08% f i 2 MIE B E s K -F i IR, BEE R ER gk, &
NIRRT LN O

R4 RRENIN b B S S B TR BRI S R HO RS R

Table 4 Effects of dietary fish oil on immune organ indices and humoral immunity of laying hens

AN II/KFE Fish oil supplemental levels/% P1E
H Items SEM
0 0.54 1.08 2.17 434 P-value
JRAEFE % Spleen index/% 1.15 1.14 1.02 1.00 0.93 0.033 0.148
M i 8 %0 Thymus index/% 0.455 0.506 0.441 0.559 0.494 0.028 0.746
GIEIRE A A IgA/(ng/mL) 65.08 61.72 63.30 61.14 72.73 2.69 0.688
15+ —— 4, 3% (5. 10)
. ® —— 2 1TH(2 T0)
. - | 08%(L. 35)
= 191 —~ HfHH
= .
.-_,;'; -
%

h
i

*RoNGXTIRAMELEREE (P<0.05). K2 [,



* mean significantly different compared with the control group (P<0.05). The same as Table 2.
BIL AR I ey 0 X G2 S5 7S [ I 8] A L 8 i /R HY Bk P (¥R
Fig.1 Effects of dictary fish oil on serum avian influenza virus H9 subtype antibody levels of laying hens at

different time points after immunization
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Fig.2 Effects of dietary fish oil on serum Newcastle disease virus antibody levels of laying hens at different

time points after immunization

2.2 CRPRR PN TN B 0 EE XS IR IFE £ i R 1 PR R A R S

AR 7 o £ 3ot T 5 XS R U 240 i TR - B R ek ity s £ SR LI 3. R, 0.54%
1.08% -~ 2.17% fiu jh 2H 5 X B AT 1L-2 A TL-6 35 R AH 6 3R 08 & 5 % R A AR TG G 2 3 2 7

(P>0.05), 4.34%F M4 EXS MY 1L-2 F1 IL-6 JE DR AH XS 2 1A 1 I 25 A0 T 5% R 4 R 3 A X 6

4 (P<0.05). SHTIRZAAHLE, 1.08%F1 2.17% 0 i ZH B AS AR AT 1L-10 J DRUAH S 2Rk Bl i 3%
THE (P<0.01), 0.54%7%1 4.34% f il T0 % 22 5% (P>0.05). SXFREZHAHEL, 0.54%M1 2.17%
HIH A B AT IFN-y BRI AE G R IA B B E = (P<0.05), 1.08% % i 2H 55X T 1FN-y 2k
DRI AN Rk AR S 2 T (P<0.01), 4.34% % i 2H B3 PR E TFN-y 2 [RIFH G 2204 & 2 35 P AIK

(P>0.05).
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FFORERLFE (P<0.05), PFIREFWMEE (P<0.01). % 4[],

* mean significantly different (P<0.05), ** mean extremely significantly different (P<0.01). The same as
Table 4.

Bl 3 AR ol o 0 AR 440 R R 2 18 ) S
Fig.3 Effects of dietary fish oil on cytokine gene expression in spleen of laying hens
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Tian Yanming
排版时，横坐标统一为“对照组 Control group；0.54%鱼油组 0.54% fish oil group；1.08%鱼油组 1.08% fish oil group；2.17%鱼油组 2.17% fish oil group；4.34%鱼油组 4.34% fish oil group”。纵坐标相应英文为“××（斜体） relative expression level”。


Bl 4 g o e o S A U6 ECL 40 R KR T S F

Fig4 Effects of dietary fish oil on stimulus index and apoptosis rate of lymphocytes in spleen of laying hens
3%
3.1 TAPRRVAS IR AN B X G s B AR BOR A T G2 ) 2

ATREG Y, PR INAN [F] 7K~ o gt 0 B0 S0 58 2% B e 800 3 S, (HAT BF 9T KB AG
TARRAN 7S 3% 1) fyl (DHA [ SRR 1Y 21.9%) X B iR & & A B35 52 . 0 BT 0 W
FHm, X ARG RATE A5, v R Tl T IR T ER A R 7 R R
A —E. TgA AN IR LR MR IRE L 40 ISR IgA FI3 AL IgA (sIgA)
2 Fh, MR IgA T E g R EA LA A, AP PURSEIER. REamih
TEVF 2 S Dpemie B h  RE IR S AR AR, 48 1 N Ak 25 B RS A A7
TRIFR A A S RS & (TgA B0 M/NRIVE AR, X A6 &8 i
®-3 PUFA 5% 5 30 A0 20 B s A2 Bt AA RO, 8 re ek 400 b R0 B4 40 ™= A4 £
F =4 Bs (LTB4) /b, HUMAZ ™ AAFRIAER PGEs M =4 Bs (LTBs) Bl, i/
IgA 1EB/NR REAL IR TENUAAE T RMIRASRS, il o-3 PUFA 2987 TgA 74,
SRAR A NEFG o 40X BN LA SN I TgA AT RN O BIF 70 b . ACRIG I 7 R 1,
AR PRI [5) 7K~ £ i % BEAS L TgA & B J0 3556, W] R IR B R Ak T B A IR
A, AT BEER WK IR . OC T Hf RRE A  fE A TgA KSR 5 M A 0%
WL B AT, BB

PRI S e ELAE S L G e 3R B 1 AR 5 R S e R v e e . BRI —
A BB 3 5 I & R IR S A, MmN S R IR . AR R, RIS 7
A1 14 d X5 H & UK HO Hidk K 35 m T A B 28 d R 05 e T AL g . RA
L AT 1) 52 S0 0 7 T LA /KPR B, DR b s 3% Eau i, L T B A K B
T X R, He 250WE K& AR AN TS 4.5% 00, 1 %5 14 d A2 IR )5 9 d,
T ZEL R S BTl I Fhe 2EL PR 3% B AR /KT B35 w5 T ORI AL, 1 B P IR AR BROIR S B
FPEMHPRE T, & o-3 PUFA Il BRI m B KT, RIEGRZERIEIER, &5
Guol!OVZ5 R RIF FL 46 R — B AT 0B 5 & vh oAb 8 B R MR S 2 1A B AR 0. AN [E] ARk
g TR tH T AR MR B 2L aE . IR R KT BT R 28 0 A ] .

ARG o e I SR BSOS R, FAARAN SEw-3 PUFA R E5GE S AR S e 7K
RGN
3.2 AR VAN N R T EE X IR IR £ P PR 1 BRI 3R A R S


Tian Yanming
排版时，横坐标统一为“对照组 Control group；0.54%鱼油组 0.54% fish oil group；1.08%鱼油组 1.08% fish oil group；2.17%鱼油组 2.17% fish oil group；4.34%鱼油组 4.34% fish oil group”。


241 L DR E % RE G 2 I8 2 Sk P2 v B 2 0 = A 1 — 28 B e TR TS TR 1 /N 43
T2 REGEE A A T AR 2 2R BRI ), B R DR M 2R T R K
FEAE, DA €3 IR 0 R 0-3 PUFASS SEMA 4H i 51 1072 A= o BF 903K BADHA W] I 5 5o % 4
PR TR R AR T A0 I T A, T S e 4 B R 7 0 7= A0 T4 P v R S Th REAS TF) ) Th
ANTho MEHE, IL-2FITNF = 2 i Thy BU4H A5 04 , 1i A A R4 (IL-4). F 40/ 3 -5 (IL-5)
FITL-10 B3 Tho BU 40 i 43 AU, 40 IR F~ HPIL-2 . TL-6 I TNF RS2 4 0 5 02 ) 36 2 A i 131
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Effects of Dietary Fish Oil on Immune Function of Laying Hens
LONG Shuo WU Shugeng® CUI Chuangfei ZHANG Haijun WANG Jing" QI Guanghai
MA Youbiao YANG Linlin
(Key Open Laboratory of Feed Biotechnology of Ministry of Agriculture and Rural Affairs,
National Engineering Research Center of Biological Feed Development, Feed Research Institute,
Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: This experiment was conducted to investigate the effects of dietary fish oil on humoral
and cellular immune function of laying hens. Four hundred and fifty healthy Hy-Line Brown
laying hens of 31-week-old were randomly allotted into 5 groups with 6 replicates per group and

15 hens per replicate. The laying hens in the control group were fed a corn-soybean meal type



basal diet, and those in experimental groups were fed the basal diets supplemented with 0.54%,
1.08%, 2.17% and 4.34% fish oil with 0.68, 1.35, 2.70 and 5.40 mg/g docosahexaenoic acid,
respectively. The feeding trial lasted for 12 weeks after 1 week of adaption. The results showed as
follows: 1) dietary fish oil did not significantly affect the spleen index, thymus index and serum
immunoglobulin A content of laying hens (£>0.05). 2) The avian influenza virus H9 subtype
antibody levels in serum of laying hens in experimental groups were significantly increased at 7
and 14 days after immunization compared with the control group (P<0.05), which in 2.17% fish
oil group was the highest. At 28 days after immunization, the avian influenza virus H9 subtype
antibody levels in serum of laying hens in experimental groups showed an increasing tendency
compared with the control group (P<0.10). The Newcastle disease virus (NDV) antibody levels in
serum of laying hens in experimental groups were significantly increased at 7 and 14 days after
immunization compared with the control group (P<0.05), and at 28 days after immunization, the
NDV antibody levels in serum of laying hens in experimental groups were not significantly
different compared with the control group (P>0.05). 3) Compared with the control group, the
relative gene expression levels of interleukin-2 and interleukin-6 in spleen of laying hens in 4.34%
fish oil group were significantly decreased (P<0.05), and the relative gene expression levels of
interleukin-10 and interferon in spleen of laying hens in 1.08% and 2.17% fish oil groups were
significantly increased (P<0.05). 4) Dietary fish oil had no significant effects on stimulus index
and apoptosis rate of lymphocytes in spleen of laying hens except for 4.34% fish oil (P>0.05). In
conclusion, dietary 0.54% to 2.17% fish oil can improve the immune function of laying hens but
too high (4.34%) has no benefit.

Key words: fish oil; docosahexaenoic acid; inflammatory cytokine; antibody level; laying hen
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