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ABSTRACT

This study was conducted to investigate the effects of dietary full-fat soybeans and linseed as fat
sources on in vitro ruminal disappearances of dry matter and unsaturated fatty acids and fatty acids
profile. The full-fat soybeans and linseed were high in linoleic acid (C18:2n-6) and a-linolenic acid
(C18:3n-3), respectively. The incubation times were 0, 3, 6, 12, 24, 48 and 72 h. After each time of
incubation, medium digesta was lyophilized for analyzing its DM and fatty acids contents. DM
disappearance was significantly higher in linseed treatment compared to full-fat soybeans treatment on 6
h (p<0.01), 12 h (p<0.05) and 24 h (p<0.01), but cumulative gas production was not significantly
different between both treatments. Stearic acid (C18:0) content in medium digesta was increased in both
soybeans and linseed as a result of complete biohydrogenation with increased incubation time and C18:0
and C18:1 contents of full-fat soybeans were significantly higher than those of linseed (p<0.05). The
content of CI8:2 and CI18:3 in digesta of each treatment were decreased by biohydrogenation as
incubation time was increased. The content of C18:2 in full-fat soybeans was significantly higher than
that of linseed (p<0.05) while the content of C18:3 in linseed was significantly higher than that of
full-fat soybeans (p<0.001). Net C18:0 production was significantly higher in full-fat soybeans (332.24%)
than linseed (133.16%) on 72 h. Disappearance of C18:1 was significantly lower in full-fat soybeans
than linseed (p<0.05), especially full-fat soybeans showed negative (—) values on 3, 6, 12 and 24 h.
The disappearance of C18:3 was significantly higher in linseed than full-fat soybeans (p<0.05). The
disappearance of Cl8-unsaturated fatty acid was significantly higher in linseed than full-fat soybeans. In
conclusion, polyunsaturated fatty acid (PUFA) in both full-fat soybeans and linseed were extensively
biohydrogenated. In addition, biohydrogenation of PUFA was more completed to C18:0 in full-fat
soybeans than linseed, reflecting dietary PUFA composition.
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Table 1. Feed ingredients and fatty acids
composition of experimental diets

Dietary fat sources

Item Full-fat
soybeans Linseed
Ingredients, % of DM
Wheat 49.00 49.00
Sugarbeet pulp 8.00 8.00
Molasses, sugarcane 5.00 5.00
Full-fat soybeans 18.00 -
Crushed linseed - 9.60
Linseed meal - 8.40
Grass silage 10.00 10.00
Wheat straw 10.00 10.00
Fatty acids”, g/ke DM
14:0 myristic 0.13 0.26
14:1 myristoleic 0.04 ND”
16:0 palmitic 8.61 5.57
16:1 palmitoleic 0.10 0.17
18:0 stearic 2.16 2.13
18:1? 11.49 9.34
18:2n-6 linoleic 24.05 9.19
18:3n-3 n-linolenic 3.27 20.51
Total fatty acids 50.73 47.46

" expressed as number of carbons:number of double
bonds;

sum of oleic acid (C18:1, cis-9) and positional or
geometric isomers;

2)
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Table 2. Effect of dietary fat sources on DM disappearance (%) and gas production (ml) in

vitro

Dietary fat sources

Incubation time (h) Full-fat soybeans Limsced se.d.” p<’
DM disappearance (%)

0 24.33+3.53 28.03+1.02 2.9409 0.4776

26.9441.82 28.85+1.03 1.9278 0.4031

6 37.16£1.40 46.71£2.12 2.4587 0.0067

12 48.63+2.24 57.39+0.52 2.1008 0.0157

24 57.46+0.51 60.69+0.72 0.8587 0.0071

48 65.01£1.95 67.24+2.90 3.3867 0.5438

72 70.93£1.76 74.61£1.62 2.8857 0.1561
Cumulative gas production (mé)”

22.0042.65 20.3345.17 5.8119 0.7885

6 51.33+6.23 63.33+6.77 9.1999 0.2621

12 65.67+£7.99 83.67+5.90 9.9317 0.1441

24 131.00+8.52 148.33+6.23 10.553 0.1758

48 179.50+8.37 192.33+6.77 10.764 0.2991

72 199.8348.08 210.3346.82 10.578 0.3771

" standard error of difference;

? Values significantly differ (p<0.05);

) After incubation initiation, gas produced at the time of 0 h was removed to avoid its overestimation due to
injected CO, to keep anaerobic condition prior to incubation.

A
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- r=0.9730 (p<0.0001)
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Fig. 1. The linear regression and correl-
ationship between pressure (psi)
and gas production (m¢) in pressure
transducer apparatus (The number
of observed values was 37).
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Table 3. Effects of dietary fat sources on C18-fatty acids profile of digesta depending upon
the time after incubation in vitro

Incubation time (h)

Fatty acids 0 3 6 12
sY L? S L S L S
CI8-fatty acids profile in digesta (g/kg DM)

C18:0 4279 3.90% 6.42 6.25 9.12 8.11 17.19
£0.07 +0.06 + 0.08 £ 029 £ 0.02 £ 066 £ 093

c18:1? 13.06 10.24% %% 15.61 12.05%%*  20.70 15.75%%* 2868
£0.11 +£0.13 + 0.12 + 026 £+ 0.30 + 051 + 056

Cl18:2 25.14 9,52%% 22.18 9.07***  18.07 7.96%%* 13,58
+0.30 +0.09 + 024 + 0.14 + 042 + 001 + 0.89

C18:3 3.25 18.86%%* 271 17.00%%* 2.13 13.23%%% 158
£0.03 +£031 + 0.04 £ 027 £ 0.02 £ 008 £ 0.10

Incubation time (h)
Fatty acids 12 24 48 72
L S L S L S L
CI8-fatty acids profile in digesta (g/kg DM)

C18:0 10.32%* 22.32 17.31%%% 2592 23.45 30.91 19.44%*
+£0.24 +£0.82 + 037 £ 0.54 + 344 + 371 + 145

c18:1? 19.67**%* 2897 21.02%*% 2546 18.91#x* 23.79 15.84%
+0.25 +0.35 + 0.19 + 0.69 + 1.40 + 221 + 0.63

Cl18:2 6.59%* 10.94 4,73 %% 6.66 3.3k 4.82 2.56%
+0.11 +0.30 + 0.06 + 0.33 + 0.31 + 0.68 + 0.18

Cl18:3 9.4 %% 130 4.93% % 0.92 3.36%%% 0.71 2.61%%%
+£0.03 +0.01 + 0.16 £ 0.05 £ 0.14 + 0.08 + 0.16

D fyll-fat soybeans; 2 linseed;

4

3)

) all values were expressed as meantstandard error.

sum of oleic acid (C18:1, cis-9) and positional or geometric isomers;

* ¥ and *** are significantly different at the levels of 5, 1 and 0.1%, respectively, between full-fat soybeans
and linseed in the same incubation time.
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Table 4. Effect of dietary fat sources on net C18:0 production and C18-unsaturated fatty
acids disappearance (%) in vitro (Calculation based on Van Nevel and Demeyer,
1996)

Dietary fat sources

Incubation time (h) Full-fat_soybeans Linseed s.e.d.” p<’
Net C18:0 production (%)
0 56.52+10.93 31.57+ 1.38 11.0190 0.0862
3 125.00+ 8.56 108.73+11.19 14.0880 0.2748
6 164.89+ 6.31 103.78421.85 20.9230 0.0466
12 310.54+35.90 106.20+ 5.62 32.9960 0.0043
24 339.15+18.68 219.27+10.66 22.7830 0.0006
48 319.70£26.09 271.30+73.13 72.0360 0.5603
72 332.24+63.81 133.164+28.70 82.9310 0.0258
ci18:1’ disappearance (%)
0 9.90+ 4.88 21.1242.15 5.3306 0.1031
3 - 3.05+ 3.52 8.14+2.79 4.4880 0.0318
6 -13.13+ 2.21 9.95+5.63 5.6327 0.0114
12 -28.47+ 7.38 10.27+1.60 6.8966 0.0054
24 - 7.24+ 1.04 11.56+1.64 1.8789 <0.0001
48 2228+ 5.20 32.66+9.44 10.2750 0.3706
72 36.11£10.54 56.794+4.01 13.5510 0.1138
C18:2 n-6 disappearance (%)
0 17.17+ 4.28 25.39£1.76 4.6230 0.1500
3 30.23+ 1.37 29.69+1.80 2.2638 0.8163
6 52.724+ 1.93 53.86+1.81 2.6843 0.6764
12 71.20+ 1.43 69.41+0.66 1.4794 0.3013
24 80.68+ 0.39 79.75+0.38 0.5534 0.1239
48 90.27+ 0.79 87.73+1.88 1.9072 0.2649
72 93.74+ 1.31 92.87+0.86 1.7724 0.5926
C18:3 n-3 disappearance (%)
0 21.46+ 3.63 33.78+1.98 4.1371 0.0408
3 37.27+ 1.12 40.98+1.55 1.9109 0.0810
6 59.00+ 1.14 65.62+1.41 1.7926 0.0063
12 7533+ 1.14 80.42+0.26 1.0647 0.0096
24 83.10+ 0.24 90.56+0.27 0.3596 <0.0001
48 90.16+ 0.80 94.58+0.63 1.0550 0.0020
72 93.26+ 1.26 96.75+0.36 1.5957 0.0383
Unsaturated C18” disappearance (%)
0 15.38+4.40 28.77+1.96 4.8165 0.0498
3 20.97+1.94 30.46+1.89 2.7052 0.0057
6 33.76£1.76 49.5342.43 2.9335 0.0009
12 42.04+2.21 61.04+0.64 2.1133 0.0006
24 54.86+0.29 69.11+0.53 0.5737 <0.0001
48 70.13£2.08 78.15£3.03 3.5740 0.0637
72 76.64+4.02 86.27+1.35 5.1355 0.0631

D standard error of difference; ? values significantly differ (p<0.05); ? sum of oleic acid (C18:1, cis-9) and

positional or geometric isomers; ¥ sum of C18:1, C18:2 and C18:3.
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AEol FAE Hlsle 7427 (bio-
hydrogenation)®] d#eo] IHgow ZgPHr}

C18:2n-63} Cl18:3n-3-> isomerase®} reductase2]
axd 93l HFHOE Cl18:0& AYAkEITL
C18:29} C18:39] C18:022] complete biohydro-
genation ©]SART7E A2 CI8:27}F CIS:3E
t} pathway @502 Qlste], AAhF7} ofnf
ZA1HT} complete biohydrogenation®] &7}k
Aoz Almdrk 9, Mosley 5 (2002)2
C18:1%! oleic acid (cis-9)E WH=$ vAEol
A43199S Wl C18:0, C18:1n-9 W7+ ofe} o
2] T/ mans C18:10] LAFICE 3lod, 2
HA21 C18:0079] HAent= 3 7HA] oA
A7} A= C18:29F C18:32] FASE A2E
A= Aoz el

Cl8:1 A& AAUF7L opnfSd By}
oA Ekar (p<0.05), E3] HieF 3, 6, 12, 24
AlF A AR A7 & (—)ES e
ik 2 AFolA AEE gas chromato-
graphy columne C18:1 A|®4FS Cl18:11-9 <
of X2 7letetd ol dAAE el Kot
3 o)E Aule] BE CI8:iE2 FAForE
AANFE] (—)#S dA ol F5-8 C18:2
7 Wkl wAEe] ofg B9 A%
Fo2 QIgt rrans A4} conjugated A|AF
o] @Wol] AAHo] A7 C18:1 A&
2371 Aoz AlgHEth Kelly 5 (1998b)
S AFSolA C18:0n-97F  FHI WA
(peanut oil), C18:27} FH3+ aiulElr]f
(sunflower oil) 12]3 C18:3°] TH-3F ofw}F
A (linseed oi)E AlRE AEV|E 53%E
7Fele w387 ]H7T conjugated fatty acid?l
CLAZ} §+ Zol & Ag7En s
S7bekltkal Basiglal, 53] S
% CI8:227} CLAZAdol avAQl Zlo= e}
Wt 3 Madron 5 (2002)2 AR T2
extruding 7F&*2]7F <3t (intermuscular), U]
(intramuscular) AW CLAV} 57138 H.1d]

XA T Ao w99
o] & AYgAE debd 5 e
Haste] 2 AFAAE s =3Aet.

C18:29] A& WIE=9] A4t biohydrogenation

o

S

rate$} AMSE 7 024 AA| O Fe} ofulEA
el frolgk apol 7k vEhA] ekt (p>0.05).
Wu 5 (1991)2 oA W42ke] Ca soap HENS!
Megalac®S ZtZ}F 3%9} 6% H7Fel B21EA
Z &% (animal-vegetable blend)E Z}Z} 3%}
6% A7Fs= AgolA C18:29] biohydrogena-
tion rate:= Ca soap JEI7} TAEAL T/
wHop folshAl Fasilont, sAEA E9
A F7F wodo] wE C18:29] biohydrogen-
ation rate®l= relgt x}ol7t YElhgA] gkttt
a1 BauEgich B Ao qE Cl18:27) FH-E
AA Y= oprbgd 3t Hlaste] C18:2¢] 44
ol Fogh JEFS WA o} X AnE
Yehigleh 2E]a C18:29) AAES ik A
grol F7hekell wel F7bskelaL, w7241k
oA T AT H 93.31%= WU 1) A
Eoll o3 FH2Ig biohydrogenation©] Uit
v AS=E HIIE A O™, Enjalbert 5 (1994)°]
Aol i F7F-] C18:2 biohydrogen-
ation rate’7} 943%=E o} B AFel FARSE
FA9] A#E ERSIT

CI8:3 AL (1829 2A&Y w7
2 HjFAte] FTKEel wel Frhsklom,
53] ofutFdo] HA|thFol Hlete] HiF 64
rol$RE  FostAl 7T (p<0.05).
C18:3 A& Cl18:200 HJ3l] Algol o
W= AoR yeiwta, 53 71d 5
C18:3 g2 Ust #AVL = Aoz Als
It} Scollan 5 (20012)2] Aol A % C18:39]
ofppE A} olulFAl /o) E g ol A
biohydrogenation rate”} 94.3%%  djZT-<l
Megalac® (88.8%) 2.t} A YER} A3
AR AdE YERSleH, C18:39 AAE
ol wjF 72417 el A - AT it 95.01%%=
< 2SS YERITE C184] xSRI
288 C18:1, C18:2, C18:3 AMate] &
288 (%)= C18:2¢F C18:3 A&l H
A om vrolxom, o= Cl18:1 A4
2280 Cl18:1n-9 2ol o] 7}#] o] d A<
Ao Qg HAagTtE 7|R1E M, ofnfEA
o] AA TR} FolstA w& AFES LE
AT (p<0.05).

=L O
&

F03

S o% o HE
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V. 2 ok

AT BN 0 24 C18:21-6°]
z o} Cl18:3n-30] FH-gk ofnfE
Bl 18% Hitslal S o wiE
AET BXSAPA 2HE 9 %
A7 A3l in vitro WNEIEA A A
Sk wlEAIZES 0, 3, 6, 12, 24, 48, T2A]
el AA AAsEaL, WY T8 0+
medium digestat™ 4 133t & 7t
WAk S EA T v AR =
A opupgAe] AEAAEd Zfo|7t
Ao}, WY eAITto| Bl ofulEAl o]
AR fFo3t F7He UERATE (p<
0.01). 3AE, MY 48A[ZFo] ¥R H= F A E
TRl frelxbt vERA Stk (p>0.05). &
.xil 7]./\}\g/ﬂal:0 74‘3/\/\1%_4. u] -5]- 01:/})1—%
LERo] ofutg o] A FrRT M E A<l
kg B gol AAsht 7 Ayt
ofgk Apoli= YERA G UTHp>0.05). C18:0
S wEAI ko]l Skl whE A ok
ofnpEAl T3] FrFsIaL, HAAIYFIL opulE
A EG Fosl w3t (p<0.05). C18:1 =4
< AT oputF AT EY fFoleAl St
SFATHP<0.05). C18:29} Cl18:39] digestat] =
gL W9 Ti@ﬂﬁﬁoi H A 7to]
Z7hgkel w2l 748k} Digestad] C18:2 &
ZF2 l&ﬁ}z#@:ﬂﬂm%ﬂ-%ﬂ%éﬂ
H|ste] folshAl F718 AL (p<0.05), C18:3 &
T Cl18:30] FH-3gh ofupFo] Aol
H|ste] -2kl S7Faklth (p<0.001)
= CI18:0 A (%) Cl18:2n-6 o]
T AA T TR F 332.24%% of
FEAOl 133.16%ET fFoletAl  S7ksaith
(p<0.05). C18:1 A& AAYF7} ojnfFA
Hoh FostAl WAl (p<0.05), 53] Wi 3,
6, 12, 243 el A AAOF A7t &
S YUERAITE C18:29] AAES HISAIZE
o] F7stell wet FrFeRRlaL, i 724171
T AT Fd 93.31%= FHAA 24FH R
o}, At fFefake JEA esdktt
(p>0.05). C18:3 AAEL CI82 A& vzt

rot
=
2
&
-m

o > ofd
o gl & o o rle
r
i

flo?a

=R 2 XN 1o

N
s l

l

|

o
N%n:r

THA R aj Aol ST whel SRRl
w, 58] ofupFio] AA 7ol nlske] whek
6A17ol HE oAl STk (p<0.05).
C187 XA AdE2 ofupgido] A
A FEeE fFolshAl EATH (p<0.05). ©]/d]
ARERY QA Tl ofnpE S Bk %
A W Frold EEsh Aol A= &
e 77 e Bk el?laL, C18
A EESPAPELRS wEELUlel A FH kA
FAHTMEAG ok AAY T ol
Rt} complete biohydrogenation®] 571831l
digesta W EX3A|W4E S Al F EX
ShAAE S WA gk dAI7E ASITh

L
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