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Effects of Addition of Different Levels of Linseed Oil on Gas Production,
Rumen Fermentation and Proportion of Fatty Acids in vitro
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Abstract: The effects of adding different levels of linseed 0il(LSO) in Leymus chinensis meal on gas production, rumen
fermentation , and fatty acids in fermentation fluid were investigated using in vitro procedure. Treatments were control ,
Leymus chinensis meal containing 5% or 10% of LSO and cultured 48 h in vitro. The total gas production, methane and
hydrogen production were measured at 12,24 and 48 h. After 48 h,rumen fermentation parameters and fatty acids in fer-
mented liquid were measured. The results showed that LSO significantly reduced the gas and methane production,im-
proved rumen fermentation and increased the hydrogen production ; LSO significantly increased the total volatile fatty acid
(TVFA) ,the proportion of propionate and butyrate, and significantly reduced the pH and ammonia nitrogen concentra-
tion; At the same time, LSO increased the proportion of conjugated linoleic acid and other unsaturated fatty acid which
were beneficial to human health. In conclusion, addition of LSO in the forage can suppress methane production,improve
rumen fermentation and increase the concentration of polyunsaturated fatty acids( PUFA).
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Fig. 1  Effects of addition of different levels of linseed oil on
gas production in vitro
I XL g, T TP < 0.01,

Note ; Compare with control, ™ * P < 0.01.
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Fig. 2 Effects of addition of different levels of linseed oil on CH, and H, production in vitro

T SR, TP < 0.05; 7 TP < 0.01,
Note : Compare with control, “P < 0.05; " " P < 0.01.
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Table 1 Effects of addition of different levels of linseed oil on rumen fermentation parameters in vitro
Iji H Items X i Control 5% LSO 10% LSO FrifER SEM
YRR PENR IR (mmol /L)

LR Acetate 45.85 51.81" " 50.07 "~ 0.454
N iZ Propionate 13.27 15.71° " 15.66 " " 0.158
T2 iso-Butyrate 1.22 1.41° 1.36 0.043
T Butyrate 4.67 5.96% " 5.84" " 0.159
IR iso-Valerate 2.40 2.71" 2.66 0.063
SR Valerate 1.93 2.00 1.96 0.052
ZWE L A/P ratio 3.46 3.3" 3277 0.032
SIERAMENE TR TVFA 69.33 79.59" " 77.55" " 0.609
pH 6.65 6.6" 6.46" " 0.028
A Ammonia-N( mmol/L) 51.37 42.56 " " 38.3°° 0.077

T X BRI, TP < 0.05;7 TP < 0.01.
Note ; Compare with control, “P < 0.05; " " P < 0.01.
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Table 2 Effects of addition of different levels of linseed oil on fatty acids in vitro (% )

&I Fatty acids %f I Control 5% LSO 10% LSO bR SEM

Cis0 1.14 0.49 0.49 0.129

Cio.0 6.56 4.33 8.27 1.320

Ci70 0.36 0.21 0.25 0.041

Cis.0 1.94 3.04 11.93 2.451

Cys,1 ,t11-TVA 0.23 0.21 0.25 0.054

Cig.15c9 1.05 0.227" 0.45* 0.098

Cyg,1 cll 0.17 0.37 0.27 0.040

Cig,2,c9t11-CLA 0.94 0.97 0.679

Cyg,2-111t13- CLA 0.15 0.04* 0.015

TSFA 23.13 16.57 26.63 2.958

TMUFA 7.98 19.19 13.71 5.761

TPUFA 38.63 52.8 47.36 5.518

Ttrans 1.45 3.09 2.95 0.631

TCLA 0.56 1.04 1.02 0.627

Tn-3PUFA 2.02 4.5 13.81 3.213

Tn-6PUFA 35.74 47.21 32.46 5.944

T SR LS, P < 0.05;""P < 0.01,
Note : Compare with control, “P < 0.05; " " P < 0.01.

M2 AT LLE L, VRN LSO XF R EE W g —  TMUFA [ TPUFA \Ttrans £ TCLA &5 T4 BR4H .

Lerp K EEAR TR (C15:0-C17: 0) 1A i & 52, 4]
PR T EE AR DR (C18:0) (1 & it , W1k A i
FARL HJE R LSO B i 38, C18: 0 1) & i
AN S AR, B LSO Xt & B b C18:1,
tI1-TVA A1 C18:1,C11 Ay & R WA k3 B &Y
) 5 %o HRZH & B v C18: 1,09 (& i B (P <
0.01) BT 5% LSO B4, % (P < 0.05) & T
10% LSO U HNZH ; %F B 40 e P o v A A i 21) 2 g
SIEIH R 1 P IR] 43 S A8 AR (C18: 2, 9tl1-CLA Al
C18:2,t11t13-CLA) , T 78 il LSO 4b F v 53¢ 195 Fift []
Gy SERE PR ) B AR O O WS LSO X C18: 2
cOt11-CLA Y& 2% W E 5% LSO I 4l k
e C18:2 t11t13-CLA [l & 2% (P < 0.05)
BT 10% LSO FAN4H ; Bhn LSO %t TSFA  TMUFA
TPUFA Ttrans , TCLA , Tn-3PUFA #il Tn-6PUFA (/)4
A B (0 LSO SN v & v b Y

3 g

TEARRGEH & & 2 AR R 1Y LSO FEAIK
TR AR R A B B VS IR S B, B
LSV R o 7 o ) A5 R At 2 s (1A 1A
2D, HEAAM /IR (K 20),
Wanapat 25" 23R T /B0 B9 — 264 py F A 4
G, AR Y HOR A AR i e, xR e A A
A A S, AR S iR HE 3. =
AR EARG , R 2 ad IR i A W R A T A
BRI R VA o FEABESE D, B8 I RRFF
TN T A X AT e TR Y
ANTRLFIIR P R T B o B A4 i, 92D T R R
PRI, S 80T &S0 R

ARG E & Z AR IR Y LSO I 35 24
AT PR R TS R [R)R ES In4L BN TR



Vol. 26

SRR G  PRIMER AN TR) 7KV 10 SE R S 88 18 R I I i TR AL 43 (52 i 271

RN & # (P < 0.01), BT (P <
0.01) ZPR el , #2151 (P < 0.01) R He ol , BEAIG
T(P <0.058{ P < 0.01) ZFRNME A, Pilajun
F Wanapatig] WS R TR EE R, Ushn LSO %k
% 48 h J5 pH {35 Bl AR, X ] BB IR S I iy
LSO Zed A= Ve 0, R EE B e R D TR L % 4 I
W P T U7 R A 15 I BT S 2, AR RS R S
LSO B WA T & WE rh i 45 25 Rk I, Jale 251
HEAT A A s , 45 00 IV JRR TR Ak 2 A, WL 4 3]
TRPUMEEIR . K] RS H TR 7 B i &
PRI TR 8 D Eh R 40 T 3 Y o

I P AR AR B A e e R R Y
WERE B A H I =R SR A T K A, B A i i
iR, SR e AT Al e A R EARIKER T, TR
I LSO ST & W B4 AR B D 2 1 e 451 ( C18
10) X2 2 3h ) B R b &b e A8 4 il — > i 2
FRAE, XFIRZE A C18:1,C9 B (5 B I IR He ) 2%
(P < 0.058¢ P < 0.01) 75T LSO ¥AN4L, 5 il fig
S T AR BRZH rp AR 7 R Y R 4, PR C18
11, CO LUBIAERT AR o Xk A A A s PR b 40
MR (cis9, trans11-CLA | trans11, trans13-CLA ) , {H
J2 LSO TS 2H 4545 K I 1)1 P Fp A48 i R o Loor
AR FRP RN LSO, o % B T+ 4%
W Y cis9, -trans11-CLA F1 trans11, trans13-CLA
(¢, Flachowsky 25" 23S H KL CRSHLEL 9 70
30 T BT A ) AW AR B RN FE 200 ¢ LSO, & B
+ 48 Mt TMUFA [ TPUFA \Ttrans 1 TCLA ()
A RIE A R . AR, I LSO 41 &
WL B0 T R E5 R

g5 LRT IR RSN NS & 2 AN TR R R 7 R 1Y
LSO 4l 1 W e A= 1, 9 1 e =X ) oA 7R A
R AR | T HSCR B A S 07K ST 7 18 0 i e 2
SR [A]I, B N LSO $& 5 1 A& B Hh Xk ARA 45 1Y
B IVTRR (4 55 B, A ] T3 26 g 15 R L AR B 3l 4 7= i
Hh, B S R R SR

S 30k

1 Beauchemin KA, McGinn SM, Benchaar C, et al. Crushed
sunflower ,flax, or canola seeds in lactating dairy cow diets:

Effects on methane production,rumen fermentation, and milk

11

12

production. J Dairy Sci,2009,92.2118-2127.

Benchaar C,Romero-Pérez GA , Chouinard PY et al. Supple-
mentation of increasing amounts of linseed oil to dairy cows
fed total mixed rations: Effects on digestion, ruminal fermen-
tation characteristics, protozoal populations, and milk fatty
acid composition. J Dairy Sci,2012,95 :4578-4590.

Goering HK, Van Soest PJ. Forage fiber analysis ( apparatus,
reagents , procedures, and some applications ). Agric. Hand-
book ,1970,No. 379. ARS-USDA , Washington, DC.

Vanzant ES, Cochran RC. Performance and forage utilization
by beef cattle receiving increasing amounts of alfalfa hay as a
supplement to low-quality, tallgrass-prairie forage. J Anim
Sei,1994,72:1059-1067.

Weatherburn MW. Phenol-Hypochlorite reaction for determi-
nation of ammonia. Anal Chem ,1967,39.971-974.

Bligh EG, Dyer WJ. A rapid method of total lipid extraction
and purification. Can J Biochem Phys,1959,37:911-917.
Ichihara K, Shibahara A, Yamamoto K, et al. An improved
method for rapid analysis of the fatty acids of glycerolipids.
Lipids 1996 ,31 :535-539.

Wanapat M, Kongmun P, Poungchompu O, et al. Effects of
plants containing secondary compounds and plant oils on ru-
men fermentation and ecology. Trop Anim Health Pro,2012,
44.399-405.

Pilajun R, Wanapat M. Effect of coconut oil and mangosteen
peel supplementation on ruminal fermentation , microbial pop-
ulation,and microbial protein synthesis in swamp buffaloes.
Livest Sci,2011,141:148-154.

Jale D, Certik M, Kundrikova K, et al. Effect of unsaturated
C-18 fatty acids( oleic, linoleic and alpha-linolenic acid) on
ruminal fermentation and production of fatty acid isomers in
an artificial rumen. Vet Med-Czech ,2007 ,52 :87-94.

Loor JJ,Ueda K, Ferlay A, et al. Biohydrogenation, duodenal
flow, and intestinal digestibility of trans fatty acids and conju-
gated linoleic acids in response to dietary forage : concentrate
ratio and linseed oil in dairy cows. J Dairy Sci,2004,87 .
2472-2485.

Flachowsky G, Erdmann K, Huther L, et al. Influence of
roughage/ concentrate ratio and linseed oil on the concentra-
tion of trans-fatty acids and conjugated linoleic acid in duo-
denal chyme and milk fat of late lactating cows. Arch Anim

Nutr 2006 ,60:501-511.



