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ABSTRACT

An in vitro study was conducted to examine the effect of addition level of carbohydrates on
fermentation characteristics, and bio-hydrogenation of unsaturated fatty acids by mixed rumen bacteria when
incubated with soybean oil or flaxseed oil. Four levels(0%, 0.3%, 0.6% and 0.9%, w/v) of the mixed
carbohydrates(glucose, cellobiose, soluble starch, 1:1:1, in weight basis) and oil sources(soybean or flaxseed
oil, 60mg in 150 ml culture solution) were added to the mixed solution of strained rumen fluid with
artificial saliva(1:4, v/v), and incubated anaerobically for 12 hours at 39C. pH and ammonia-N
concentration were lower by increasing the substrate levels at all incubation periods(P<0.05~P<0.001). The
propionate proportion increased(P<0.001), but acetic acid and butyric acid decreased(P<0.001) with the
substrate level at 6 and 12 h incubations. Oil sources did not influence the proportions of individual VFA.
At the end of incubation, the proportions of Cigo (P<0.01), Cis1 (P<0.001) and trans-11C-ig1 (P<0.01) were
reduced but those of Cis, (P<0.001) and Cigs (P<0.01) were enhanced by the addition of flaxseed oil
compared to addition of soybean oil. The proportions of Cigo and total CLA were reduced(P<0.01) but
those of trans-11-Cis. (P<0.05) and Cis, (P<0.01) were increased with the substrate level when incubated
with soybean oil or flaxseed oil. There were interactions(P<0.05) in the proportions of Cig1, Cis2 and Ciss
(P<0.01) between oil source and substrate level. The proportions of cis-9, trans-11-CLA and trans-10,
cis-12-CLA tended to reduce with substrate level, although there was no significant difference between
treatments.
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CLAY MAES B2 Arly 7B =& Ao
2 4 A] ghrk(Steinhart, 1996).

AAdHeZ CLAT AMRZE AdFE Ce A o
T X3Pl WhEg] mAlEEl o) 7}
=2~ 3}k-2-(bio-hydrogenation)o]  =HA] A
UH(Harfoot$} Hazlewood, 1988). ¥+5=9]ujell A €]
CLAS A AMSHE BXsAAE T2
linoleic acidz}a 2relAd $H2|wHKelly =, 1998),
Bessa 5-(2000)2 linolenic acidZY-E]%= CLA”}
P99 F dS ez FA%E Wang 5
(20023, 2002b)2} Choi®} Song(2005)-2- linolenic
acid=H-E] CLAZF AAE 4 988 ol 3+
vp gleh

B9 1| AE-2] bio-hydrogenation ==
g CLA A4S Suistr7]7] flal e
T7F AAE A=, linoleic acid7} o} -
2124 oile] ME(Wang 5, 2003, Choi &,
2006)S Al€fetile i FFALR S AR
o] o] HlEEH(Wang &, 2002b; Dhiman 5
1999; Choi 5 2005)°] #3+ A7} F=H/HE ©
FAk ol AYoA= TEHoE RE9
o] pH7} CLA Aol wi%- Fa3gk aQlofzhar
sl olH g W9l pHE F8 oy
A Yoz ALREE @435 FF(Latham 5,
1972), ¥& £ (Martin®} Jenkins, 2002), 7}&
W (Fellner 5, 1995) 5ol wel 54& &
st ofol] FRAHE REFH|AES] A JA
lxl = WS o] pHell wl$- wzsitiar H
3 v} 9lck(Harfoote} Hazlewood, 1988).

Sroll A A mjel Fro] whEe) m|AEo
ogt 7hrast WS A ARe FE
linoleic acid®] & gd¥ BslE Fwde F
7 oSOl wWE pH Wstel s Aok
2y 714 linoleic acid B+ linolenic acid
7b o 3 il HUleta weEskEd
A7V 2 ekls W wERAEe] o
CLA A4 9 bio-hydrogenationel] oA <33
] e o= e i B e e

wreba] i AR, WY pHel 9EE

drdteds o eEeR rbsha,
of W59l A CLAY dAFEd= ez
SR HHAE 2, linoleic acid H=+=  linolenic
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acid= thzF 3Hskal 9lE th5-fr(soybean oil)
= olulf(flaxseed oil) 717t a4, bio-
hydrogenation 2 CLA AJAdell oj@A J&sl=
A5 ZARSFALAL AAE AT

o.Mz & 44

" 2 in vitro Yo 2 5238 o) A
g2 BeskE JrbEEeEd drkske oild

%%— %F/]@% 27HA 281s T wg
=Y H7MES 0%, 0.3%, 0.6%,

aL 0.9%WN) 2 313 om d7EE ol
linoleic acid®] ¥Fo] F=& oiF(51.0%)t
linolenic acid®] ¥=Fo] =2 o}u(59.2%) 7}
o] &= Atk(Table 1). Zt7te] AH2l+-& Wl A3
g 3wk o R sto] AAEaL, Fd3 30
Al 33] wHgsto] AlRS AAHSITh

Table 1. Composition of Cig-fatty acids of
soybean oil and flaxseed oll

Concentration (%)

Fatty acids
Soybean oil Flaxseed oil
Stearic acid (Ciso) 6.1 2.8
Oleic acid (Cisa) 23.8 16.9
Linoleic acid (Cis:) 51.0 13.9
Linolenic acid (Ciss) 54 59.2

2. HHQS4O| Zh| o HjQs

(1) 2Rl =H|

s 91ek vHE91e vh9fol cannula”t
2= Holstein 94 2504 AF 81t A=
= 19 10kg(AE7I)9 o vlS A&
Al wgALE 9} Al d e AR (H Z)E 40:60
o] Hl&= 3ol o}3(07:00)2 # 4 (18:00)°l
5kg (DM basis)® o] Folakdct uighA
Eg Zr/]-uﬂ;d zx]u]_ \:ﬂ TDN SL%L 7_}_7_}
13.7, 496 % 70% (DM basis)3 1L Hzlo] 7
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322 % 65.7% (DM basis)3it}. o}z AlEF o
BAIZE ol wkE9ols AH 3 thE, o] E 12
HY Az=g A=a, oA 1y =3 78
QNS 129 HlEE E3ste] Waring blender
(Fisher Co)® 37t Z3tatqivt. &34 W5
A HE=S ] 12789 A=E Ay wiYdks
Plf o2 o] &stom, FHld vhS
%3t 1% CO, gas®E F7

N F=H HA7HA] 39T e === fr

i e o)
@ o 1 o
_‘E‘D‘LWOFE
5o
0304
oy

(2) HHYH ZF=H| L HYQ
H3=Q) M} wjjx|(Table 2)5 1:4(viv)e] Hl&=
=3pate] mjgFtom o] &atql=], o] ikl

Table 2. Composition of basal medium®

Components in 1,000 ml
Salt solution? 500 ml
Cysteine-HCI - H,O 05 ¢
Rumen fluid® 300 ml
Dextrose 1049
Avrabinose 10g
Fructose 05¢
Pyruvate 1049
Peptone 05¢g
(NH4)2S04 05 g
Yeast extract 05¢g
Hemin solution” 10 ml
Distilled water to 1,000 mi

1

pH of medium was adjusted to 6.5

Salt solution consists of 2.0g NaCl, 1.0 g K;HPO,,
1.0g KH,PO4, 0.2659g CaCl, - 2H,0, 0.409 g MgSO,
+ 7H,0, 10.0g NaHCO; in 1,000 ml distilled
water

Rumen fluid was obtained from cattle fed 8 kg of
hay (60%) and concentrate (40%) daily, and after
being strained through twelve layers of cheese
cloth the rumen fluid was stored frozen -20C. It
was melted and centrifuged at 3,000 rpm for 10
min to remove the large particle. The supernatant
was centrifuged again at 18,000 rpm for 20 min
after being autoclaved.

50 mg Hemin was dissolved in 1 ml 1IN NaOH and
made to 10 ml with distilled water

2

3

4)

o 30%7F CO; gass TXIAIZ oW, Hjdo]
A& wj7hA] FegE o]t 39TE
FA A S5stEde] F9-S 218l glucose,
cellobiose, soluble starchE L:1:1(wiwiw)e] W&
2 EFe grstEdS vl (150 m)e] 0%,
0.3%, 0.6% 1]l 0.9% (Wh) T2 Hj&
300 mlo] AHzhEetaTel Wdh diFret obvt
o] H7h= Wang 5(2002a)2] HHES ]88+
tt. &, 559 olvlf- 60 mg= chloroform 50
miol 833 & of7]o] tiA] 199 cellulose
powderg Wil & Al o AAavtAE F9Y
WA chloroforms SAIZL $of] o] 8313
ol FHlE w50 m)S ©skEe] ot
¥ zZ}zbe] wjokg Zupaol] Wi, of7)e o
i e o7 2% cellulose  powder
(106 Q)= Y& t}he 30%7F CO, gasiE =73&H
% Zgujek7])(Won Pung Scientific Co)S ©]-&
ato] 39TolA 12417 S SRStk Hl
U717 Fot ZELEL= 120 times/min 2

A= At

ol

[e]

miel 1ml] 25% phosphoric acidE #7}s}4
Hasgith

Hjkalel pHE Wi 3 A2 Als A
Aol ZA4E A3, ammonia-N2] 5% Fawcetty}
Scott(1960)2] IS ©]-83te] spectrophotometer
(Berkman, DU-650)= A1 31tt. VFAE Y&
B ARE dsd by A%S Fske 02
mi<] 2% pivalic acidZ internal standard= o]
zh E3Hekal 15,000 x gof| A 1587 A4l g
T, ASAe FHke] 30me] capillary column
(NUKOL™, 0.25 mm i.d., Supelco Co.)o] &=tgl
gas chromatograph(GC, HP5890 series I, Hewlett
Packard Co.)= A= 21th.

HiE JHAl 5 3AIRERE wGko]l Ewk 124]%F
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HjeF ol Aah #4915 8 wigds ds
A% 3}¥om, Folch £9(Folch &, 1957)%
ol&ste] Almeol AAS FEeSith FEH
A HFARS Lepage?t Roy(1986)2] Hiwlel ulzl
methylationS Al 3L, FH|E A|go] x]ate
gas chromatographs ©]-83to] &418k3It) CLA
Eo ALg® columno® 100 me| capillary
column(Supleco SP™-2560, 0.25mm l.d.)°o] ©]&
=931, carrier gasZE AF7I7F o] LS Th
T F-(injector)9} FID A&E7]9 2xv 4%
250°CF 260C=E A H Ao, split ratior
1502 FAEQTE =3 oveno] programS *
7] 170ColA 5&3F AAAIZL Fell, 220C7+
g w7k 4CTmine] HE2 2EE TR
o, 220ColA 40%3F FAAZIHEA A3}
At

(4) DATAS| A

AR dAle] A4S SAS A =H7IH
(1985)2] GLM procedureE ©]-&3Fe] H25151
o, Azt AL diFi H7HeE ofnk
A, gestE et 2Ea ol H7bst
GskE AUkl e #-8-S orthogonal
comparison .= 213},

mz
A7kl oitg Hrbste] Wgeel e W, B
shEele] Aol FHESE W )

°] pH (Fig. 1 ¥ Fig. 2)°} ammonia-N (Fig. 3
9 Fig. 4) s Woth gsE Hrbee
o] W& pHel ammonia-N FEo|A o] Tyl
HiF & 3AIZF By, 6417 12A13k0] A3
H %ol 9% FHsiA YERSTHP<0.05~
P<0.001).

HjF 271G AIQ] 34k o] A Hetols w, Y
N g Ak 24 2 sEE AW
ctzde] o oil2 Qg JFS WA geko
u, 8l 7HA] 6A17F 3 acetate(Cr) 2] S
T A7 Boh obuby HTbAlA HdT
(P<0.05). ¥+, propionate(Cs) o] &=
A7l S (P<0.01) A o2 UERTE oo

6.50 *

5.00

4.00 : : : -

Incubation Times

|—.—0% —@—0.3% —e—0.6% +o.9%|

Fig. 1. pH in culture solution as influenced by
carbohydrate levels when incubated
with soybean oil.

6.50 *

5.00

4.00 L L L )
0h 3h 6 h 12 h

Incubation Times

|—.—0 —@—0.3% —e—0.6% +0.9%|

Fig. 2. pH in culture solution as influenced by
carbohydrate levels when incubated
with flaxseed oil.

e} CofCai= obHF H7H4(2.76~3.62)7F th
Fr H7H(2.41~3.48)°l HI&f % ATHP<0.05). L
2ub wjeko]l FmE 1247l A 9] wlekd U
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58.00

56.00 |

54.00 |

52.00 |

50.00 |

48.00

46.00

Concentration (mg/100ml

44.00

42.00

40.00 L L L )
Oh 3h 6 h 12 h

Incubation Times

|—.—0% —@—0.3% —e—0.6% +o.9%|

Fig. 3. Concentration of ammonia-N in culture
solution as influenced by carbohydrate
levels when incubated with soybean
oil.

65.00
60.00 |
55.00 |

50.00 |

Concentration (mg/100ml

45.00 f

40.00 L L L )
Oh 3h 6 h 12 h

Incubation Times

|—.—0% —9—0.3% —e—0.6% +0.9%|

Fig. 4. Concentration of ammonia-N in culture
solution as influenced by carbohydrate
levels when incubated with flaxseed
oil.

ubd A ubal 2L il 2R/ 93 F3FS

wkz] kSkth(Table 3).

Z7}E 9 tH(P<0.05). EFEtEY
o] H7tge] F7hgel wel propionate®] Z43
Hl& A tha S7hEE Aol Ak v 7l
Al % 6ol AAErls W, wstEd
A7brae] S7kdel wel & IR
(total VFA)2] FX=(P<0.05)%} propionated] =44
H|E(P<0.001) Al Hx} F7F= A2 butyrate
(P<0.001)2] FA H|EF} CJCs(P<0.001)= A
HAcHTable 3). vlYe] FTHH 1247l A <]
gl BEstEde] Hrkedo]l S7HEol
w2} total VFAS] HX= (P<0.01)9} propionate
(P<0.001) 2 butyrate (P<0.001)2] A H|& o
Al 701, acetate (P<0.001), iso-valerate
(P<0.001), ¥ valerate(P<0.001) =4 W& 4
Co/C5(P<0.001)+= #+A~E]ATHTable 3).

Hj ool 2pat 2o o2 ol ofnf
e 7k 5 wjFAIzte] AR wet w)
Fhe] AAE o] thetAl WskE slow
Uebstth vl 27100 AHAL $ 3A1The]
FAW oleic acid®] A HIES olnkt FH7b
Al(8.76~18.86%) Rt} W75 H/FHS o)
(17.52~23.23%) © 921} (P<0.01), linoleic
acide] x4 HES obukt H7F4(20.06~
22.59%)7} TR H7H(2.64~4.19%)°] |5}
of oF 5ulj o]% FUTHP<0.001). MF Al
Alzro] Zdakghe] wheh, wiFe} U palmitic acid
o] 24 H]E&L oMh(12.11%~15.84%) 5
71S wlHTh o) F-7-(16.96%~18.26%) = 7}
3FAS W] =2ka1(P<0.01), oleic acide] A H]
&% P (18.71%~22.6%) H7} Al olwlkf-
(10.32% ~12.76)5 71 w ®Hr} ¥ =2 A
o2 YEFITHP<0.001). Trans-Cig19] =43 W]
& 3 O H7F Al(6.90%~12.45%) WU}
o= eSS wl(2.10%~5.42%) T =%
tH(P<0.01). 53], linoleic acid®] =4 H]&-2
55 H7F(2.80~4.02%) BT} ofulf H 7}
T+(18.25~24.36%)°l | T 7} (P<0.001) Zlo
2 Uelgt) wjekel F3E 12417 ¥, ofw}
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fr H7Fl vste] ol 7Rl A stearic
acid(40.34~47.31%), oleic acid (15.93~21.06%)
18] 3l trans-C18:1 (6.90~12.45%)2] =4 W&
o] =SITHP<0.01~P<0.001). ¥HH, E¥E3}w7})
=2 linoleic acid(2.14~3.93%) 2 linolenic acid
(0.19~0.35%)° =4 HE&2> dF7 H7H
oA e o R YERRTHP<0.01~P<0.001,
Table 4).

A, g o] Aake w7 &
Alhell= ek o] H7bRE 1g 249
she fIAINE wlefo] B 12417 - n
Y gshEde] HrbeEe] S7FATE stearic
acid(P<0.01)¢} % CLA(P<0.01)¢] =4 H|&2
7H A5 0.0 1(P<0.01), trans-11Ci18] 4 W&
erslE- o] HI7bEao] 0.3% 2 0.6%00 A
A AAITE 0.9%C1 4= F 71 SATHP<0.05).
S3lE-d o] Hrlg==o] Z7bE ol W llinoleic
acide] 24 Hl& AA] S7FE ATHP<0.01).

A5 Aake H7E = il gHRskE o]
A7 b AsArge] A, vl THAl
< 3A|Fte] AHERE uf wlFd U oleic acid
2 HEE Ui HA7beA e dersEd
o H7brEEe] F7hgel whet F7bE A,
ol M7= wrslEde] Mol
Z71E 4= oleic acid 24 v &o] Z7tH &=

€
F BYg Wolurk WYl B 1247 F
=
Z
=

==
O

A}
[¢]

fr e

oleic acid(P<0.05)¢} linolenic acid(P<0.01)<]
A HES dFR H7HRlA eerstE e
Vol S E ST AN, opvk A

7ol e 2358 #HAEATh 12 linolenic

3|

acid®] =AdHEE obhf H7RA] 2AIHEO
=aL, 2RI Wsk A Zlo, i

fr A7hAE 2nE 9 2gREe] Wst A
=7} SkTHP<0.05, Table 4).

v. 1 H

9] mAE ofgk EEsEAEe]  bio-
hydrogenation %ol we} F3F tAMEAE =,
Ciso, trans-Cig1, Cis2?} CLAs 59| Z/do] W3t
s, ols St dredEe FEol A
A s WYEY] ] ] Ao A% HA

U A el 2 2a)¥tiDemeyer2t Doreau,
1999; Chilliard 5, 2000).

Atz o w whRelole] pHE AFE ARS
ek A%, EF Ul carbonate®] e
aEa AE VFAY &8 S EAg
AS 7FA 2L tK(Martinz} Jenkins, 2002). 53]
AFE g FFAlEE w59 nAEe
Foll oJsl VFA, A 9 wgkrbo) QbR o}
55 A, ol WaRAE B FollA
VFASL Z4he W9y pHE  AeHAl7] =)
& o3k 3}, 20| ulg} B. fibrisolvense} #
< Afra 23l BrelEjole] Eso] AsjEria
a9 tHChoi %, 2005). Figure 1 % 2, 18]l
Table 304 ®i= mfe} 7ro] wjkeo] pHe}
VFAS] % sk 9 AL wesiEde] #H7t
Fooll WA 2 zfel7h A=, T EFFC
oils F7het Wiy RF whEshEe] H7ER
915ke] pH7F YHol# THP<0.05~ P<0.001). o}
7 pHe BrstE TRl FbE o
Z VFAS % 9A] F7h= o] YEhue d4
3 #HHol Q= Aoz Holth I wjY =
713hE AlQslals EXSIEs =2 ofubf-
A7t A7 Bk F VRA ARl
A l=T(Table 3), olddt A= oiFfr
o] ®]ate] ok linolenic acid(Ciss)et 2ol
B¥5eTt 52 AAK(Table 1)0] H7bgow
A 7 werskEe waE Ao,
ob&%] propionate g%l HAaF 7] WSl
Aoz AAZ olfd A g T 64
7ro]l AES wl dAAsHAl YT

Devendra2} Lewis(1974)% & E3}A|Wk4to]
F AL HaRE FHgste] nAE F
Hels 7SS B2 AR 2ElE AN &
gow, o3t e Auhite] EXsv)
E75 AskE & dokal ®argk \f 9rh

HjeFol ekmEl 12417F o) wiFed U] am-
monia-N¢| Tt ©3lE g Sr1d
F5 Wk, olelgt A= in vitrod] AlS

Meom lo

oz

H z27 FtollA AAE ammonia-No] Ha7}f
el A doju= Ao mAEdd 23

ammonia-N2] ©o]-g&o] Z7}e wj&el Ao= Al
S¥Th
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SN 1 =7t
F el Ao pHE SopA|al F
TEE F7lE9eH; cis-9, trans-11
5 4 HlEe] ATt FhEs
glselet. ‘Jﬁd, Jiang 5(1998)2 & pHell
M= Aol kel propionate A4 e E]olr}
trans-10, cis-12 CLAE etk sklA R,
A= Wl pHE 18ke]  trans-10,
cis-12 CLAS] x4 w80l Fafalx] F2 3o
= o, 71 Wurl= pH7E Askgel wet cis-9,
trans-11 CLAE A st AlfAits] weelof
o] &AS A ste] cis-9, trans-11 CLAS] 24
o] o J3F g AS Almdnh wge] &
S5 vlFHo 9] Cupol HET Cusp’b UHF
T+ A7kl Blgte] Cigsol UFE T
f+ H7Hel A =9%=(P<0.001), ©]
2] gk A4S Figure 2014 Hi= vle} o] wlj¢k
o] AFHE A 3AIgto] Ats w, AN AT
o] 4 pH7} 55 7h7ko] oA 7] wiitel] A=
Eo 9]% bio-hydrogenationo] AajEe] T o
& Hhgo] XPEA] g o8 Bt
Keplere} Tove (1967)°l H.arol] 2|, bio-
hydrogenatione dWk2 o g HEE=Qlol £2o nj
o]:oﬂvq pH7]- 01}:1]—75—11?_] m‘7’1(65+02) LHO]] o]
A ko wAE Alxuke] obgAdol ool
A7, 2o wel AlEdel] EAshE g4
Hk-g-ofl oJ kS o] bio-hydrogenation rate”} 7+
25kl d9kar stk cis-9, trans-11 CLAE
sk so= delzl B. fibrisolvens &= pH7}
Ashgol wed Afrael gk FAeEs A
sh=d], olol wg} B. fibrisolvense] T4 &
2 HE9] WollA9] bio-hydrogenation 2H-8-% 7+
2% 4 It (Kopecny 5, 1983). Wang} Song
(2003)% ©]9} WZ=d RIS &gl wjoke
o] pHE 45, 56, 6.1 123 692 F% 31
ket Az, vk pH Hube =S pHelA
cis-9, trans-11 CLAS &%=} Z7FE Y &t
St} Choi 5(2005)2 WHRQN 52 mjjekol
o] pHe} cis-9, trans-11 CLAY: ko] Ao
A(r*=088)2 ¥om, trans-10, cis-12 CLA
= w9 AHAAE ®melvha sigith
HH5=u] Ao ]38k bio-hydrogenation §H=3}

9] HrsEo
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dol H7breel web UEhvs Ha sl
FEFE W% AN b oilol] <]
Ao Helth Linolenic acide} 2
ste7h =& Aaks wWol gk ofit
o] H7P}F i F7tell nste] R A&
4 4 258 Asisle Ze= Hh Loor
5(2005)> ZlAe) A opnht-of o] HEiEsIET}
55 Alsol 5% H7fste] ol
=59 23 bio-hydrogenation

=
.
’

Jo rlo of 1o e
e
H:l
3
o

o] ZAH ki 3lGith B A% oluk Hrt
ol e H bkl BEke] linoleic acide]

‘§’j 2Fo] wj- =gkon] WHHE stearic acide] 3}

2 i A7l Blste] SEktH(P<0.02).

E& T34, linoleic acid7} &
o] 3HTE 7ot I|nolen|c acid7} o] -
H olubiE wiYkNel] A2t Hrhsbal whershE
Ao HArbres SR eieket Ad F
s FHUFE wielA Fs] wherEstEde
A7breel 7S E Wi e pH7E @
ol om, yolxl pHell <234 cis-9, trans-11
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