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The bold arrows indicate the main hydrogenation pathway of ALA in the rumen, and the other arrows are the pathways in-

ferred from the products of ALA purity in vitro fermentation.
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Fig.1 Biohydrogenation pathways in rumen

3 o3ZAEMERBRITTEETERRERK
A
3.1 XERR

X2 AT 3R B G 0 1R 7 B 6% 2 &5 3 2 1
W SR EH TS 0 4 B s Rl 2R [ A LR B T 25
S A 0 R B 2, DT 52 0 0 2F 1) 7= i, O
TeL IR 7 1% LU AR RN i 77 152 B 25 5 100 i) 40 4 ) SR
BN -3 Z AN TR 7 R T P4 A 5
GERRN— AR5 KB AR AR TP RN -3
Z AR ARG R R o] 42 35 7= 05 8, 40 . Keady 451
TEZ5 W4 M) & & EPA 5 DHA [ faiih g & 2, &
R TR, HE U&= A U WA 42 5 ; Sinedi-
no % R A AR A #MA 100 g & & DHA )
BRJE R WA 0 R B I KA 3 R Ak T
PR R RSN T 0.9 kg, WA I E KB
AR TR I w-3 22 SR AR D B8 % 7 W i A
EFE B0 Moate %5 43 K 45 55 3k 15 4 43
M 0,25 .50 .75 g () DHA J5 & B, % i1 DHA %f
WA= W B A W s (H R R B R R
R s Neven 25 %8043 551 FH 8 0 S0 B RF B4 ) AR 5 R s
TSI JRRAF (%) ) M ) MR 075 4 | 45 TR Al b 7R X 4% 4 1Y
PR 2 Y ; Stergiadis 25 45 15 A4 HM ]
ERRAT, FEAT R 40T 6 S 1) a0 56 IS e & B I G 0 JRR

[30-31]

FEXF 7= W AT B 55 A1, Collomb 45 Al
Cant 25" E R PR IR R A -3 Z A1
B TR N 7 55 38 & B = TR T -3 2 AN TR
JE W7 R 1 25 16 W A 1 P W R R S, R
SR8, T MR B & w-3 22 AN 10 AR 5 R 4 B
JU YA T) Xt 2% A4 A RS 10 1) R i AR T o SR
TN A (HR SRR R A 22 R K IR I
TEZHE O T A 34 7= i N R
3.2 EEEMEm

T AR T 2L B 28 LA K FL AR 77 A s A K, FE
HAR YL i S 2N AR IR 1 i o R
e PR 25, ) R v 22 B0 22 S 1 RN B T R 45 A A L
RRMFLIG "5, Gomez-Cortés 5" 45 5 4= %M
B ALA BRI RE LI R AF 5 2 PG R B 3
B A , Moate 25 ' £ 45 4R R R S N 7 DHA HY
WG R IFLAG R DL K H ZLAG = w4 REAIK, Sinedi-
no %5 AR A G R Hh AN 100 g & & DHA A9
KIG WA [FRERY & P, Calsamiglia 2517 & 3175 4
T AR S I R A 1) £ 25 5 R FLAE 2R LA K LR
IR R, X IR R T R AR W R X 2L AR 4
PR FRUST e R R - 10, 5T - 12 — 3k 5 W b iR
(Jx-10,Mi-12-C18:2; ) —10, li—12—-CLA) ,
BN R R T R FL ARG BEAR 255 1 1 8 22 S X s i
FRIDEIH 7. i 1 iR, ALA BEfS il i AW A



36 |

it

I*

S

31 &

Ve AL A —10, ii—12—-CLA , M\ 1 #2 21 % 3,

BERANHIVE R . Ak, HAh -3 2 A1 F i 7 iR
W EEE 42 = B R R e DL . CLA 1Y & &,
Moate %% {56 o & B, W34 1A AR 5 I DHA REf%
AR FL b B s SR T R DA R - 10, i -
12-CLA, FLAEHE AR fBR T 52 2Rk h 2 K il
R R 5 W A, 505 4 0 A P RSB —
)52 % . Moussavi %2 7L 05 4 AR MR Fh 8
INE & w-3 Z R0 FR R 1 8 J5 & LR %
WA kA B ARk Santos 251 & LA PR AR T
30 kg M5 2=+ B 105 58 25 55 51 2 3L AR % A 2L A
AR R, #MA w-3 2 AR ERBR T R 5]
EFLAE R M FLIR 7~ 5 0 T BEAN, i 2 51 & 2L AR i
TR Fh 2 i AR Ak, 45 g i 26 i AT 25 19 T 7 e 1Y)
M 2R W A9 R (. Sinedino %% 45
W AR 4N & & DHA M 28 5 & 30, X Bt 41 4 v 7L
JIE D2 DHA &8~ 2 mg, i %3 il DHA 40 45 3¢
FLIRWIER Hh DHA % &8 242 mg, Moate %5 s
RIS AR ) R b S R e A% 1 2 4R e L
w-3 Z A FAR D R 1Y 7 i, JUHOE EPA il DHA
B, BB, W54 4N -3 2 NI
iR i g 2 2 51 R FLIE 1 R, X A R ¢
52 B A A PR A R, ARDRL B R 1 A1
B2 52 e 7L T U R A 4 B, v AR R — iR
IR B 5 2 B L TP IR T R S A T, I
BT AR P -3 Z2 R AR 5 R Y =, A
A= HE & -3 Z N1 R 4= 05, I+
— AT E S 0-3 Z R R B FL ] i

4 ER 03 ZAEMBHBRFDNHFAR
BEE 2B 15 K B W4 e, B B0 B IR R
PR 72 52 BT SQ T, 312 w5 ZL ) i il i
Hiig e TS ARG, o-3 Z2 ARG
RN N 5 78 97 31, RE RS I AR 1L ¥ v H 3l =
i ARG 8 58 i £ 19 O I et ) 5 A A R T IR Y
R, KB w-3 2 A1 AR U R 4 EPA A
DHA , AEWS 38 i 272 4 il 55 25 23 1) A 52 1 f fie ik
R KR E, e R LA B B, i (Y BF 58 R W]
EPA it T H AL 5 R A I 40 M e A — € B3R 7 A
FHUY e T AR A v i A 9 S Al L #b 7T DHA g
8 2R AV S 5 LA P LR XU 2 A NI 2 A
T w-3 A IR R 04 A O T 5 WL Y 3
EWRE, A AR BA 2B ILERY

JE R, TR E S o-3 2 AN RIIE W R ol
— Bl w-3 Z2 AN RE D7 R 1 AR 5, S AT 4R AR B
AR RE 0 2L AR T AT R £ R A
A G IR

MFLT o-3 Z ARG TR & i 3 E A
FERFN, S IRA S kA 0-3 2 K18
iR, o H & ALA, TR F 18 B Y -3 Z AN Al
BRITR REAS L) ALA SN RTIAY) , E2AE M b LA
FEH L B EPA I DHA 25 5 g e (16 2) Y
HREANED, FEH THUREFE., HIL4dwh
() w-3 Z2 A0 TG B TR =8 2 DT AR b R B
L, 2w 2L w-3 Z2 N IS D5 R & 2 1 07
JELEGR TP RIS -3 22 10 0 HE W5 iR /Y 9 5,
HET -3 ZARMWFNHE I BR 1) 2 5 BE A R 2
w-3 Z NIRRT IR 04 40 J3 im0 385 g 4
Yang %R i a3+ I8 B AE 0 A 4 1A 9 4
I 100,200 1300 g A9 ALA J5, ZBLFLH ALA
T bE ALA B0 i 38 i 4 P4 %, Donovan
SO AR A AR R A SIS TN 1% 2% (3% R £a ik
Jo, [FRE R BRFL B w-3 225 A1 1B 07 R 1Y &
e BEE ARSI R R L, (HEFL
w3 Z AWM W R E R B
(P 3) T8 -3 2 AN AR 7 B A M N s 12 7
ZRH R, AR S EY SR N
Fok L U e am W e, LA K sh Wik 45 4% 5 &R
fEHtRE R 21 2 SR, 33 0-3 Z N FAR
i B 32 & L I RCRAL . Mattos 57 7RI 56
KIFLH EPA Fl DHA M558 %08 53 5 2 5.4% Fil
7.6% . WM 3 A, 98 E 0 AR S A E ™ E
ML w-3 2 AN AR 5 2 1Y) 4% 38 2% . Bernal-
Santos 25" 43 il 8 o 4% A E N R & SDA
(R 0 e 2 3, 3 2o 4 R i R R 9 g . b
TP SDA LUK HAML w-3 Z2 AR FIIE G R (1 &
B E A BRI K Sl A -3 281
Gl e A TN T E N

FL w-3 2R BERER T & & 5 Wk
w-3 Z AL HE 7R & f A ¢, H4 R 5 1Rk v
w-3 ZAMA G I B2 41 A )¢ Sinedino 451
I, 054 4MA 100 g & % DHA W38 R g s i
FHmFLh DHA &, 3L HAD -3 Z2 A5
IR 7 Fe A BT 42 I, (2 2 5% K & 3% . Torok
SOV I A5 A AR DHA RE 1% 5 25 1 hin L b
DHA & &, Xt 7L Hofh w-3 22 A5 10 Fi AR 5 iR 75



14 B[ RS : -3 22 AN W R Xk 49 24 A B ) 8 A 52 i K Gl P Ll A B 5 i e 37

BHA L E I, Vicek %2t A [F AL R & B,
B T #M & & DHA (9 5ok, #h il Al -3 248
TRLF A 105 Rt A TR B AR R, Pl A R R iR
TE 4 AL, 43 SR A VS VAR BT Tk A0 ST BT T 20
490 1R KT 21 | 4% S0 PR KT 4L F 2% A5 5 KT I+
2% W RRFFIHI AL , AR JBEFT il 5 S JRROFF b 24
ALA IR & I8 TC I8 J2 U DA B R T 3 J2 SRR FF
LI ALA S T, Hob 4% WO AT
AL T R B B, LR BPA & EFEAL, H AT
FHFAMA R w-3 22 A F0 IR I R 1 5 44 51 5 RT 4
Sk S R v DR R TR 2 P R R R
BEALAE HN 2SR Hh A5 R W AR SR U A
FEJFRAF SO BRAF I & & DHA (38 28 | Tl LA
R Fokr S8 A R E Y . Horb fah 2 2R AR K
B w-3 ZAMEFIR TR , f155 EPA Fl DHA %%, 3
KBS 5 (10 DHA , T W JBEAF T BRFF I A0
SRS A FE R ALA,

C18:3 (ALA)
+Cl18:3—B-%1k

4\ 6- AR Bk IE K

Cl184  C20:3
Btk | AskiuAN _

; g ™
il C22:6 (DHA)
At e okl A6-FFIEE 'B_gq:
C20:5 (EPA) C24:6 fr C24:6

K
C22:5 ﬁﬁﬁi‘l‘:_ C24:5 /

B2 ALA B AKE -3 &AIEF0AE IR IE B
Fig.2 Biosynthetic conversion pathway of ALA

into long chain w-3 unsaturated fatty acids'*"’

SR, FLH -3 22 AR 17 R Rl 2 A
HRH @-3 Z2 AN 15 79 T 00 S 114 384 T 52 2 1 4
I, FEAR -3 Z2 A1 A G R e 8 P i AR ) |
e HTBE S S I HAE ZLrh RO AR R 3 3 1 4R
T -3 Z2 AN A 7 1R B89 20 B M 5 8 BE % X 7L
w-3 2 AR 5 19 (4 A5 B B AT R, i
A= B R E SR DI RER FL A A

| st
| e st

w-308 AL

Ve

£ 60%~98% & i

M AL, L

475 Eh 72 R I v
R 30%~40%

3 03ZANBMERRERSHMEANEIE
Fig.3 Transport of w-3 unsaturated fatty acids in

ruminants ! *2-%¢7

5 I 4

28 P TR, -3 Z RIS 5 BR AR Sk s ik
WTFHE SRR NS YR N &35 35 i 2
FIVEH, HET AT & BAED A4 mAR IR -3 £
ARG D5 R AN AN Be 08 42 v ZEAE B8 T, ol 38 4R
PERE , B RERG INFL ' -3 22 AN RN G B R 19 7% =,
AT S B A LA, (HEELT ) -3 £
ANEUFIRR D5 B2 B T 52 22 7 TR R RE i), 3 B 12 5K
BRI 0-3 Z AN FgE 15 B8 1) 16 F AL DL
KAEEFLT 0-3 Z A HE 5 R 1) 5% 38 50CR i
L i =R

SE k.

[ 1] MARTIN A C C,COLEMAN D N,GARCIA L, et al.
Effect of different fatty acid profile on the maternal
and finishing diet on performance and carcass charac-
teristics in lambs [ J ]. Journal of Animal Science,
2018,96( Suppl.2) :247-248.

[ 2] MADEIRA M S,CARDOSO C,LOPES P A, et al.
Microalgae as feed ingredients for livestock production
and meat quality; a review [ J]. Livestock Science,
2017,205:111-121.

[ 3] KHOSHVAGHT A,TOWHIDI A,ZARE-SHAHNEH
A et al. Dietary n-3 PUFAs improve fresh and post-
thaw semen quality in Holstein bulls via alteration of
sperm fatty acid composition [ J ]. Theriogenology,
2016,85(5) :807-812.

[ 4] SAINIR K,KEUM Y S.Omega-3 and omega-6 poly-
unsaturated fatty acids. dietary sources, metabolism,

and significance—a review [ J ]. Life Sciences, 2018,



38

31 &

[11]

[12]

203:255-267.

COLUSSI G, CATENA C,NOVELLO M, et al. Im-
pact of omega-3 polyunsaturated fatty acids on vascu-
lar function and blood pressure; relevance for cardio-
vascular outcomes[ J ].Nutrition , Metabolism and Car-
diovascular Diseases,2017,27(3) :191-200.
MATTOS R, STAPLES C R, THATCHER W W.
Effects of dietary fatty acids on reproduction in rumi-
nants| J | .Reviews of Reproduction,2000,5(1) :38—
45.

ZERON Y,SKLAN D,ARAV A.Effect of polyunsat-
urated fatty acid supplementation on biophysical pa-
rameters and chilling sensitivity of ewe oocytes[J].
Molecular Reproduction and Development, 2002, 61
(2):271-278.

ZHUO Y ,ZHOU D S,CHE L Q, et al.Feeding prepu-
bescent gilts a high-fat diet induces molecular changes
in the hypothalamus-pituitary-gonadal axis and pre-
dicts early timing of puberty [ J]. Nutrition, 2014, 30
(7/8) :890—-896.

SELVARAIJU S,RAJU P,RAO S B N, et al.Evalua-
tion of maize grain and polyunsaturated fatty acid
(PUFA) as energy sources for breeding rams based
on hormonal, sperm functional parameters and fertility
[ T].Reproduction, Fertility and Development, 2012,
24(5) :669-678.

MARTINEZ-SOTO J C, LANDERAS J, GADEA 1.
Spermatozoa and seminal plasma fatty acids as predic-
tors of cryopreservation success| J].Andrology,2013,
1(3) :365-375.

GHOLAMI H, CHAMANI M, TOWHIDI A, et al.
Effect of feeding a docosahexaenoic acid-enriched nu-
triceutical on the quality of fresh and frozen-thawed
semen in Holstein bulls[ J]. Theriogenology, 2010, 74
(9) :1548-1558.

BYRNE C J,FAIR S,ENGLISH A M, et al. Dietary
polyunsaturated fatty acid supplementation of young
post-pubertal dairy bulls alters the fatty acid composi-
tion of seminal plasma and spermatozoa but has no
effect on semen volume or sperm quality[ J ].Theriog-
enology,2017,90:289-300.

TRAN L V, MALLA B A, SHARMA A N, et al.
Effect of omega-3 and omega-6 polyunsaturated fatty
acid enriched diet on plasma IGF-1 and testosterone
concentration, puberty and semen quality in male buf-
falo[ J].Animal Reproduction Science,2016,173 ;63—
72.

[20]

[22]

JAHANI-MOGHADAM M, MAHJOUBI E, DIRAN-
DEH E. Effect of linseed feeding on blood metabo-
lites, incidence of cystic follicles, and productive and
reproductive performance in fresh Holstein dairy cows
[J].Journal of Dairy Science, 2015,98(3):1828—
1835.

BADIEI A, ALIVERDILOU A, AMANLOU H,et al.
Postpartum responses of dairy cows supplemented
with n-3 fatty acids for different durations during the
peripartal period[ J].Journal of Dairy Science, 2014,
97(10) :6391-6399.

DIRANDEH E, TOWHIDI A, ZEINOALDINI S, et
al.Effects of different polyunsaturated fatty acid sup-
plementations during the postpartum periods of early
lactating dairy cows on milk yield, metabolic respon-
ses, and reproductive performances[ J].Journal of Ani-
mal Science,2013,91(2) :713-721.
CALDARI-TORRES C,LOCK A L,STAPLES C R,
et al. Performance, metabolic, and endocrine responses
of periparturient Holstein cows fed 3 sources of fat
[J].Journal of Dairy Science, 2011,94(3) :1500—
1510.

ROBINSON R S, PUSHPAKUMARA P G, CHENG
Z,et al. Effects of dietary polyunsaturated fatty acids
on ovarian and uterine function in lactating dairy cows
[ J].Reproduction,2002,124(1) ;119-131.

PONTER A A,PARSY A E,SAADE M, et al. Effect
of a supplement rich in linolenic acid added to the diet
of post partum dairy cows on ovarian follicle growth,
and milk and plasma fatty acid compositions[ J].Re-
production Nutrition Development, 2006,46 (1) : 19—
29.

MOUSSAVI A R H, GILBERT R O, OVERTON T
R, et al.Effects of feeding fish meal and n-3 fatty acids
on milk yield and metabolic responses in early lacta-
ting dairy cows[ J].Journal of Dairy Science,2007,90
(1) :136-144.

MOALLEM U,SHAFRAN A,ZACHUT M, et al.Di-
etary a-linolenic acid from flaxseed oil improved fol-
liculogenesis and IVF performance in dairy cows, sim-
ilar to eicosapentaenoic and docosahexaenoic acids
from fish oil[ J].Reproduction, 2013, 146 (6) ; 603 —
614.

VLCEK M, ANDRLIKOVA M, BARBATO O, et al.
Supplementation of dairy cows with docosahexaenoic
acid did not affect ovarian activity [ J ].Czech Journal
of Animal Science,2017,62(11) :457—465.



B[ RS : -3 22 AN W R Xk 49 24 A B ) 8 A 52 i K Gl P Ll A B 5 i e 39

[30]

[31]

[34]

ABAYASEKARA D R E, WATHES D C.Effects of
altering dietary fatty acid composition on prostaglandin
synthesis and fertility[ J] . Prostaglandins , Leukotrienes
and Essential Fatty Acids,1999,61(5) ;:275-287.
CHENG Z R, ROBINSON R S, PUSHPAKUMARA
P G,et al.Effect of dietary polyunsaturated fatty acids
on uterine prostaglandin synthesis in the cow[ J].Jour-
nal of Endocrinology,2001,171(3) :463-473.
LENNARZ W J.Lipid Metabolism in the bacteria[ J].
Advances in Lipid Research,1966,4:175-225.
KEMP P, LANDER D J, GUNSTONE F D.The hy-
drogenation of some cis- and trans-octadecenoic acids
to stearic acid by a rumen Fusocillus sp.[ J].British
Journal of Nutrition,1984,52(1) :165—-170.
HOBSON P N,STEWART C S.The rumen microbial
ecosystem|[ M ].Dordrecht; Springer, 1997.

KEMP P, WHITE R W, LANDER D J.The Hydro-
genation of unsaturated fatty acids by five bacterial i-
solates from the sheep rumen,including a new species
[J].Journal of General and Applied Microbiology,
1975,90(1) :100—114.

MAIA M R G,CHAUDHARY L C,FIGUERES L,et
al.Metabolism of polyunsaturated fatty acids and their
toxicity to the microflora of the rumen|[ J]. Antonie
van Leeuwenhoek,2007,91(4) :303—-314.
LOURENCO M, RAMOS-MORALES E, WALLACE
R J.The role of microbes in rumen lipolysis and bio-
hydrogenation and their manipulation [ J ]. Animal,
2010,4(7) :1008-1023.

GOMEZ-CORTES P,CIVICO A,DE LA FUENTE M
A et al. Dietary linseed oil increases trans-10, cis-15
18 :2 in caprine milk fat[ J].Journal of Dairy Science,
2017,100(6) :4235-4240.

BU D P,WANG J Q,DHIMAN T R, et al.Effective-
ness of oils rich in linoleic and linolenic acids to en-
hance conjugated linoleic acid in milk from dairy cows
[J].Journal of Dairy Science, 2007,90 (2) ;998 —
1007.

PI Y,GAO S T,MA L,et al.Effectiveness of rubber
seed oil and flaxseed oil to enhance the a-linolenic
acid content in milk from dairy cows[J].Journal of
Dairy Science,2016,99(7) :5719-5730.

BEZARD J, BLOND J P, BERNARD A, et al. The
metabolism and availability of essential fatty acids in
animal and human tissues[ J].Reproduction Nutrition
Development, 1994.,34.(6) :539-568.

FIEVEZ V ,BOECKAERT C, VLAEMINCK B, et al.

[38]

[40]

[41]

[44]

[45]

In vitro examination of DHA-edible micro-algae: 2.
Effect on rumen methane production and apparent de-
gradability of hay[ J].Animal Feed Science and Tech-
nology,2007,136(1/2) :80-95.

MOATE P J,WILLIAMS S R O,HANNAH M C,et
al.Effects of feeding algal meal high in docosahexae-
noic acid on feed intake, milk production,and methane
emissions in dairy cows[ J].Journal of Dairy Science,
2013,96(5) :3177-3188.

SODER K J,BRITO A F,RUBANO M D. Effect of
supplementing orchardgrass herbage with a total mixed
ration or flaxseed on fermentation profile and bacterial
protein synthesis in continuous culture[ J].Journal of
Dairy Science,2013,96(5) :3228-3237.

NEVEU C, BAURHOO B, MUSTAFA A. Effect of
feeding extruded flaxseed with different grains on the
performance of dairy cows and milk fatty acid profile
[J].Journal of Dairy Science, 2014,97(3) ;1543 —
1551.

FRUTOS P, TORAL P G, BELENGUER A, et al.
Milk fat depression in dairy ewes fed fish oil: might
differences in rumen biohydrogenation, fermentation,
or bacterial community explain the individual varia-
tion? [J].Journal of Dairy Science,2018,101(7) :
6122-6132.

SILVA L G,BUNKERS J,PAULA E M, et al.Effects
of flaxseed and chia seed on ruminal fermentation, nu-
trient digestibility,and long-chain fatty acid flow in a
dual-flow continuous culture system [ J |. Journal of
Animal Science,2016,94(4) :1600—1609.

NRC. Nutrient requirements of dairy cattle [ S ]. 7th
ed. Washington, D. C.. National Academies Press,
2001.

KEADY T W J,MAYNE C S, FITZPATRICK D A.
Effects of supplementation of dairy cattle with fish oil
on silage intake , milk yield and milk composition[ J].
Journal of Dairy Research,2000,67(2) ;137-153.
SINEDINO L D P,HONDA P M,SOUZA L R L,et
al. Effects of supplementation with docosahexaenoic
acid on reproduction of dairy cows[ J].Reproduction,
2017,153(5) ;707-723.

STERGIADIS S,LEIFERT C,SEAL C J,et al.Impro-
ving the fatty acid profile of winter milk from housed
cows with contrasting feeding regimes by oilseed sup-
plementation [ J ]. Food Chemistry, 2014, 164 293 —
300.

COLLOMB M, SOLLBERGER H, BUTIKOFER U,



40

oY B

P

31 &

[46]

[49]

[51]

[52]

et al.Impact of a basal diet of hay and fodder beet sup-
plemented with rapeseed, linseed and sunflowerseed
on the fatty acid composition of milk fat[ J].Interna-
tional Dairy Journal,2004,14(6) ;549—559.

CANT J P,FREDEEN A H, MACINTYRE T, et al.
Effect of fish oil and monensin on milk composition in
dairy cows[ J].Canadian Journal of Animal Science,
1997,77(1) :125-131.

CALSAMIGLIA S, CAJA G, STERN M D, et al.
Effects of ruminal versus duodenal dosing of fish meal
on ruminal fermentation and milk composition [ J].
Journal of Dairy Science,1995,78(9) :1999-2007.
DAVIS C L,BROWN R E,PHILLIPSON A T.Low-
fat milk syndrome[ C]//Proceedings of the 3rd Inter-
national Symposium.Cambridge : Oriel Press,1970.
SANTOS F A P,SANTOS J E P, THEURER C B, et
al.Effects of rumen-undegradable protein on dairy cow
performance ; a 12-year literature review[ J].Journal of
Dairy Science,1998,81(12) :3182-3213.
SIMOPOULOS A P.Omega-3 fatty acids in health and
disease and in growth and development[ J]. The A-
merican Journal of Clinical Nutrition, 1991,54(3) :
438—-463.

INOUE-YAMAUCHI A ,ITAGAKI H,ODA H.Eicos-
apentaenoic acid attenuates obesity-related hepatocel-
lular carcinogenesis[ J].Carcinogenesis,2018,39(1) .
28-35.

MANNI A, EL-BAYOUMY K, THOMPSON H. Do-
cosahexaenoic acid in combination with dietary energy
restriction for reducing the risk of obesity related
breast cancer [ J ]. International Journal of Molecular
Sciences,2018,19(1) :28.

CALDER P C.Very long chain omega-3 (n-3) fatty
acids and human health[ J ].European Journal of Lipid
Science and Technology,2014,116(10) :1280-1300.

[54]

[55]

[60]

[61]

KIM K B, NAM Y A, KIM H S, et al. a-linolenic
acid ; nutraceutical , pharmacological and toxicological
evaluation[ J ].Food and Chemical Toxicology, 2014,
70:163-178.

YANG G,BU D P,WANG J Q, et al. Duodenal infu-
sion of a-linolenic acid affects fatty acid metabolism
in the mammary gland of lactating dairy cows [ J].
Journal of Dairy Science,2012,95(10) :5821-5830.

DONOVAN D C,SCHINGOETHE D J,BAER R J, et
al.Influence of dietary fish oil on conjugated linoleic
acid and other fatty acids in milk fat from lactating
dairy cows [ J]. Journal of Dairy Science, 2000, 83
(11) :2620-2628.

MATTOS R,STAPLES C R,ARTECHE A, et al.The
effects of feeding fish oil on uterine secretion of
PGF
parturient Holstein cows[ J ] .Journal of Dairy Science,
2004,87(4) :921-932.

WRACSC, A s B Fe S aRs [ M A et h Ak
b AL, 2011,

MATTOS R,STAPLES C R,ARTECHE A, et al.The

effects of feeding fish oil on uterine secretion of

milk composition, and metabolic status of peri-

2a 0

PGF2alpha, milk composition, and metabolic status of
periparturient Holstein cows[ J].Journal of Dairy Sci-
ence,2004,87(4) :921-932.

BERNAL-SANTOS G,0’ DONNELL A M, VICINI J
L,et al. Hot topic: enhancing omega-3 fatty acids in
milk fat of dairy cows by using stearidonic acid-en-
riched soybean oil from genetically modified soybeans
[ J].Journal of Dairy Science,2010,93(1) :32-37.
TOROK V A,PERCY N J,MOATE P J,et al.Influ-
ence of dietary docosahexaenoic acid supplementation
on the overall rumen microbiota of dairy cows and
linkages with production parameters [ J |. Canadian
Journal of Microbiology,2014,60(5) :267-275.



14 BT [ RS -3 22 ANHRLFIR 7 IR 0T 5 24 £ T D) RE 4 522 ey K HG 81 2 ML ] B0 WF 52 3 e 41

Research Progress on Effects of w-3 Polyunsaturated Fatty
Acids on Physiological Functions of Dairy Cows and Its
Regulation Mechanism

HUANG Guoxin? ZHANG Yangdong'®> ZHENG Nan'?® WANG Jiaqi'*"
(1. Ministry of Agriculture Laboratory of Quality & Safety Risk Assessment for Dairy Products ( Beijing) , Institute of
Animal Science, Chinese Academy of Agricultural Sciences, Beijing 100193, China; 2. State Key
Laboratory of Animal Nutrition, Institute of Animal Science, Chinese Academy of

Agricultural Sciences, Beijing 100193, China)

Abstract: -3 polyunsaturated fatty acids are essential fatty acids and play an important role in maintaining the
health of dairy cows. Milk containing w-3 polyunsaturated fatty acids is benefit of promoting human health.
This article reviewed the effects of w-3 polyunsaturated fatty acids on the reproduction performance, rumen en-
vironment and performance, and the production of milk containing w-3 polyunsaturated fatty acids in dairy
cows. [ Chinese Journal of Animal Nutrition, 2019, 31(1) :32-41]
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