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ABSTRACT

This study was conducted to evaluate the effects of dietary addition of caprylic acid (CA)-cyclodextrin
(CD) complex on in vitro fermentation characteristics, total gas and methane production. Experiment was
done with six treatment groups; 1) no CA-CD complex (control), 2) CA 20 mg (T1), 3) CD 830 mg (T2),
4) CA-CD complex 425 mg (T3), CA-CD complex 850 mg (T4), CA-CD complex 1,700 mg (T5). Ruminal
pH, ammonia and total VFA concentrations of T2, T3, T4 and T5 were lower (P<0.05) than those of
control and T1 for the 12h incubation. The increase in molar percentage of propionate was observed in T4
and T5 compared with control and T2 for the 8h incubation (P<0.05), however, the ratio of acetate to
propionate was unchanged in all treatments. Total gas of T1 was lower than that of control, but T2, T3,
T4 and T5 were higher compared with control for 12h incubation (P<0.05). If the methane ratio (as %) to
total gas for all treatments was compared, T3, T4 and T5 (CA-CD supplemented groups) averaged 2.7%
whereas control, T1 and T2 showed 3.4, 2.8 and 5.1%, respectively. Therefore, according to these results,
it might be concluded that supplementation of CA-CD complex could reduce methane production without
disrupting ruminal fermentation.
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Methane Reduction by Caprylic Acid and Cyclodextrin Complex
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Table 1. Ingredient and chemical composition
of Concentrates

Ingredient composition Ol/g'af
Corn 47.8
Wheat bran 41.0
Soybean meal 5.0
Rapeseed meal 2.0
Molasses 2.0
Limestone 15
Salt 04
Vitamin mix” 0.2
Lasalocid 0.1

ol 1000
Chemical composition Ct?gf:: STI‘I;:\?V
Dry matter 86.62 9541
Crude protein 1328 6.12
Ash 492 971
Neutral detergent-insoluble fiber 14.09 56.49
Acid detergent-insoluble fiber 295 37.68

Yvit. A, 2,650,000 1U; Vit. Ds, 530,000 IU; Vit. E.
1,050 IU; Niacin, 10,000 mg; Mn, 4,400 mg; Zn,
4,400 mg; Fe, 13,200mg; Cu, 2,200 mg; I, 400
mg; B.H.T, 10,000 mg per kg.

3.0g; NaHPO, - 12H,0, 18¢g; NaHCOs; 0.5¢;
NaCl, 0.5¢; MgSO, - 7TH,O, 0.1 g; CaCl;, - H.0;
0.1g/L)el glucose, 2g; cellobiose Zg; NH.CI,
0.2 g; cysteine-HCI - H,0, 0.6g& Y1 W9
T} 1:2 vjER &33le] pHE 6.8% WS,
CO; gasE FRisto] & Al A7kA] 717 H
= fAsle ol% A W74l°ﬂ ute} CA-CD
complexs 231 HjYN-E 60 mI¥ ‘jzo}@]

Fulziel aluminum seal 2 % l‘id < Ajisaka &

(2002)¢] WS olgske 39T 3% (100
rpm) HfETIONA wFakelel vl $ wiek
tubeE Sl T TFRAFS SAsINoH,
Z} A The] AR ek EAREe 10
ml vacutainerol] $=33}e] molecular sieve 13 x 45
~60 MESH(20Mx1/8"x20mm SS, VARIAN)
columno] “4El GC(VARIAN CP-3800, USA)

Methane Reduction by Caprylic Acid and Cyclodextrin Complex

£ ol&3ste] Atk AT ALk )
&N 5mle 2F3Fe] HgCl, 0.05ml, HPO, 1
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BEste] A9 2mlS vialol &4 91 GC
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o] WM 62mlS ¥, HgCl, 0.06 ml<
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923 Double beam UV/VIS)Z 317 630 nm gl
A 743}t (Chaney9} Marbach, 1962).
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Wb e AH7ErR] TIE f-0] 4 (P<0.05) 0.2
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Table 2. Effect of different levels of caprylic acid and cyclodextrin complex on ruminal pH

change
Incubation Treatments” SEM
time(h) C T1 T2 T3 T4 T5
0 6.89% 6.92° 6.91% 6.88° 6.85" 6.82° 0.024
4 5.90° 5.90° 6.15° 6.10° 5.99° 5.93° 0.029
8 5.81° 5.79° 5.38° 552" 5.37° 5.23° 0.026
12 5,55 5.67° 4.98" 5.20° 5.05° 4.97° 0.042
Mean 6.04 6.07 5.86 5.92 5.82 573

Y Control : CA-CD complex, 0 mg; T1 : CA(C8:0), 20 mg; T2 : CD, 830 mg; T3 : CA-CD complex, 425 mg;
T4 : CA-CD complex, 850 mg; T5 : CA-CD complex, 1700 mg.

abcde

ERNIQITE Total VFALE LE A TollA %k
1LR2AZWAA] AL S7Felaith CA v H7H-
¢l T19] total VFA FHFe ZHzh wfjF 12413k
A diZ2FHY 94 (P<0.05) 2.2 Skal, CD
i M7 T29F CA-CD complex2] H7M+
S 7R T3, T4, T5 AT 8A7E o] %
FE gl Hoh fo4(P<0.05) 22 wortt
Ty T2, T3, T4, To3kelE 2%l Ao)7h
AT} Acetate 5+ 0A]7H A CD ©HE
gl FE7F FoHoR Fgon oF
A A= ZE A3t FoS Had
A2tk Propionate F%=E wiE 8AZtol A v
T4, T5 Ael77F =79} T1, T29 B} {9
A(P<0.05) 2.2 A YUEST) Butyrate E%E+
HjoF 8A1 A HE] T29} CA-CD complex ]2+
ol T3, T4, T57} &4 T1 ®Hu} =71+
2tth. Acetate : Propionate(A/P) H]-&-& RE H9
AlZroll Al A2l IF frelideo]l yErA] o
kTt

okt Guest =25 ©]&3%F in vitro A4
s AR FHAPHMCFA)S o8&
CD complex 7} A& A= CD complexe]
7V Z717F pHE ARAIZIA T total VAL
fre]A Apol= glrkar HalskGlal (Ajisaka 5,
2002), lodopropanes ©]-&3%F <dFtollx= CD
complex?] 71 Z717} pHE Froldo=z A
A 71aL total VFAYE ZE7RAIZItkal sESith

2

Means with different superscripts within same row in incubation time are significantly different(P<0.05).

(Mohammed 5, 2004). Diallyl maleateE ©]-8-3F
pHe] W3l= QAT total VFAE S718tt)al
B3t} (Lila 5, 2004). =, CD complex”}
pH = VFA e WA= ade= #5714
Hiug ARyt A8 AolsiAl yetual e
d], Algel A8-¥ CD complext] guest E2 0]
AME tE B ollE mAES ouAdoR
o] &% Al¥o] glucose, corn starch, %%}
AR 2 ZH7] g@std Ao dlo=® fd
L=

zh A7 v AR in vitro BF9] 7)A
=] Yol AT WSE Table 40 e}
WATh T1S diz7-9f o)Al Aozt Il
o}, T2, T3, T4, T5% HIGAIZF 4A17HEE o
ZTHT gREYol wLTt folHoR kit
ATHP<0.05). At Fof whE W=
n A Eol oJate] ofm|iAl e QPR UolE I
A, PAES UA dRYoLE
HAEA s gtk A
HjFAIZE 3ol wet CD7F Sy BE A
29H(T2, T3, T4, T5)ollA thx~el H|sto] ¢F
mUo} FE7F o] %(P<0.05) 02 HAakilE
o], olg|gt Ayl= CDel T8 FAGES] 7HE
grshEo] o] & F7kel wet wjAETwA g
Ae 9% EUYote] o] &k F7HLila s,
2004)31517] WF o= Bolth Guest £FZA
diallyl malete (Lila 5, 2004), allyl iso-thiocynate

‘
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Table 3. Effect of different levels of caprylic acid and cyclodextrin complex on in vitro VFA
production

Incubation Treatments?
. Item SEM
Time(h) c T1 T2 T3 T4 T5

Total VFA mmol/lL  22.65%° 2445° 1859 20.28° 19.95¢ 21.75° 1.159

Acetate, mol (%) 68.38° 65.17° 7508 69.37° 6565 66.97° 2762
Propionate, mol (%)  1256° 11.29° 1369° 12.83° 1193° 11.80° 0.316
0
Butyrate, mol (%) 15.38™  20.10™ 11.22% 16.22™ 2242° 21.24* 2.888
Valerate, mol (%) 1.87° 1.74° ND ND ND ND 0.017
Acetate: Propionate 5.44 5.78 5.48 5.40 5.51 5.68 0.234
Total VFA mmol/L ~ 3599% 36.99° 30.70° 20.42° 31.77° 2949  2.776
Acetate, mol (%) 63.65° 61.68° 66.03° 6399 6540 70.37°  3.358
Propionate, mol (%)  17.00 16.22 16.94 16.14 16.57 17.87 1.213
4
Butyrate, mol (%) 1489 1977 17.03* 1987° 1803 11.75°  3.026
Valerate, mol (%) 107 1188 ND ND ND ND 0034
Acetate: Propionate 3.75 3.80 391 3.97 3.95 3.94 0.024
Total VFA mmol/L ~ 41.15° 41.91° 3388° 34.68° 33.29° 3378 1580
Acetate, mol (%) 60.86° 59.67° 6888  63.46™ 66.86" 64.06°  2.262
Propionate, mol (%)  17.44° 17.00° 17.26" 18.83" 20.03° 2157  0.809
8
Butyrate, mol (%) 1954® 2106 13.85° 17.71% 1246° 1437 2912
Valerate, mol (%) 1.10° 1.15° ND ND 0.32° ND 0.230
Acetate: Propionate 3.49 3.51 3.99 3.38 3.34 297 0.099
Total VFA mmol/L ~ 4451° 4027 39.37° 37.32° 37.38" 3502° 1570
Acetate, mol (%) 60.88° 60.29° 6823" 6259 6507 65.90°  1.909
Propionate, mol (%)  19.20 20.05 20.16 21.69 21.81 19.89 1.454
12

Butyrate, mol (%) 16.66° 17.39° 11.62° 1573%° 1313% 1421 1604
Valerate, mol (%) 1.22 1.15 ND ND ND ND  0.041
Acetate: Propionate 3.17 3.04 3.39 2.88 2.99 3.34 0.297

ND : not detected.

Y Control : CA-CD complex, 0 mg; T1 : CA(C8:0), 20 mg; T2 : CD, 830 mg; T3 : CA-CD complex, 425
mg; T4 : CA-CD complex, 850 mg; T5 : CA-CD complex, 1700 mg.

@4 Means with different superscripts within same row in incubation time are significantly different (P<0.05).
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Table 4. Effect of different levels of caprylic acid and cyclodextrin complex on in vitro NHz-N

(mg/L) production

Incubation Treatments®

. SEM

time(h) C T1 T2 T3 T4 T5
0 89.11 88.05 89.11 88.05 85.53 86.96 7.059
4 85.53% 79.32° 46.15™ 43.04> 53.82"° 40.78° 11.258
8 43.71° 48.04° 27.21° 26.96" 21.80° 23.37™ 5.064
12 38.56° 32.12° 21.74° 22.02° 22.83° 22.40° 7.404

Mean 64.23 61.88 46.05 45.02 45.99 43.38

Y Control : CA-CD complex, 0mg; T1 : CA(C8:0), 20mg; T2 : CD, 830 mg; T3 : CA-CD complex, 425 mg;
T4 : CA-CD complex, 850 mg; T5 : CA-CD complex, 1700 mg.
®¢ Means with different superscripts within same row in incubation time are significantly different (P<0.05).

(Lila -&, 2003), iodo-propane (Mohammed <,
2004)°] CD complexs ©]-8-3 Wh=9] "Fa )AL
ATelME CD7F FHrE BEE AgTelA o
z7o] Hlate] mUo} FRI} B felHo
2 adigisd, ol B A7 Astsh A5

Sk
2. Total 7tA 2 ofEF 2hAzE

Caprylic acid, CD, CA-CD complex *&]5-7}
in vitro ¥+=9] total gas 2 HEHAA Ol 1A=
G2 Table 5l UERAATE T 7+
H|1l3le] total gas HAYEFO] wiF 4 H 12A1%F
oA frejA o g HAstal ARt (P<0.05), T2
T3, T4, T57¢] 12A]7bol| A 2] total gas XA
& txTe masEte] 94 (P<0.05) 0.2 F
7¥akdel T1 A AgAaket gEog A
7VetSl7] wiiel] whe] mAEe] &4 9l
a2 A5ke] total gas ATl ©HE AT
of Hlulato] frojAow gk Zow Helt
(Machmtiller, 2006). ©]¢} 72 g ojAe] 23|
T17-9] wlgh WAL =71} 4 9 12431
oA o)A (P< 0.05) 02 ZFAsFAL, 12417+
o= oF 26% A &I UUTh
Cylodextrin &5 H7F91 T2+ tiz+9f vl
stof wWigk WAo] BE SAA A {9174

(P<0.05) 0.2 ZF7}3F3iaL, wiF 12417kl A of
Z7 088miet T2 1.86mlE WIS ,
110%2] & =}o]7} 2tk CA-CD complex7-¢1
T3, T4, T5°] 12717k wieF Al e =2 of
Zof zpel7} giglont, wgk wrAwe] 7H
2okd T2l wlwshd 47% HAdE Zow
Yelstth ek CD ©E M7k wes S
Al71A]9F CA-CD complex 37Fell <J3iA & 7+
2¥o=HA CAY wEkH7 a¥7F CA-CD
complexell oJSA % YEh= AS & UM
t}. CA-CD complex2] wlgt A7+ &3+ total
gas A gk HE HE%R)dAE dS
geke] & g Utk 12413 HiFAI TRl A o &
T 34% O AAIRE, gk Akl Tt A Q)
A T17E 2.8%, Wk #HAERe] 7 Eokd
T2 51%, 123l T3, T4, Ts57E Hit
27%= Ti7¢k SAA Ael7k AR Guest
E4E  MCFA (Ajisaka &, 2002), allyl iso-
thiocyanate (Lila -5, 2003), diallyl maleate (Lila
5, 2004) 5& o8 HuES T m,
= CD complex 2]l A total gas AT
SN A, wgh Bde AAS] ZhAst
thal BHaekglom, o= & A+ At o
shoith whHel CARE H7VE Ag-elle RS

g o] indexetal @ 4 U+ total gastE
7l AAaske] WhEg] Ha s A4 Adshe A

= o

do X 3@ o (o
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Table 5. Effect of different levels of caprylic acid and cyclodextrin complex on in vitro gas

production
Incubation ) Gas production(mL/Incubation)
. Treatments
time(h) Total gas CHa H, CHa(%)
Control 18.8° 0.39" 0.015% 2.07°
T1 15.2° 0.26° 0.012° 1.76°
T2 20.1% 0.51° 0.017° 2.60°
4 T3 18.8° 0.44" 0.015™ 2.32°
T4 21.9° 0.52° 0.025° 2.35"
T5 21.7° 0.40° 0.026° 1.86%
SEM 1547 0.042 0.002 0.134
Control 24.7" 0.72° 0.019 291
T1 22.8° 0.62° 0.021° 2.72°
T2 27.3" 0.99° 0.019° 3.65°
8 T3 26.1% 0.50° 0.024 1.92%
T4 24.7%° 0.41° 0.025° 1.65°
T5 21.7° 0.61° 0.052° 2.33°
SEM 1.537 0.054 0.005 0.172
Control 25.3 0.88" 0.011° 3.44°
T1 23.1° 0.65° 0.021% 2.80"
T2 34.4° 1.86° 0.037° 5.01°
12 T3 35.5° 1.03° 0.026" 2.89"
T4 36.9° 0.99" 0.028® 2.71™
T5 36.9° 0.93 0.037° 253°
SEM 1.354 0.123 0.006 0.426

Y Control : CA-CD complex, 0 mg; T1 : CA(C8:0), 20 mg; T2 : CD, 830 mg; T3 : CA-CD complex, 425 mg;
T4 : CA-CD complex, 850 mg; T5 : CA-CD complex, 1700 mg.
@ Means with different superscripts within same column in incubation time are significantly different(P<0.05).

o= yepgth FAa AT wdAzte] T dekA] @3 W' NS Y 5 e, A
7 @55 dix2Tel Bls) T3, T4, ToellA 571 Aok 22 34 gk A AsjAE A +
aklaL, Tooll A= o 3 F7tskalct ojgsk Qe 2d= FES LOPQLD} Hds o] &3
A= Ajisaka 5 (2002)9] Hiaeh= thEXTE AgoA MCFASF LCFA R57F WEs &9
Lila % (2003)¢] H.ar¢}= A =)8kgic) = Czerkawski®} Blaxter (1966)4 Hal o]%

A e (fat Z-2 oil)> AFR2] AulolUX]E A bio-hydrogenation X0l A o] 424 A3 uj

i
2
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etz a3 2 Ao R 7|tEE LCFAY
g A57F O wol AR AARHHZF
A7t el A7) Yoz YA AY v
A Afra el EE el Addrtes A=
24 = At} (Johnsonk  Johnson,  1995;  Beau-
chemin®} McGinn, 2006). LCFA®I Y]] MCFA
AFE vy A2 Helr) Machmiller (2006)
= %ot 3" MCFAQ g Azka Il
gk ®aro A C12:09 Cl4:02> ARe] 3%
7F2% in vivoe] A A23Eoly oA o] &
Aol ok g3k §lo]= oF 50%2] W& A 7o)
7hsithal Baslel ol MCFAZL k9] A}
97l FFEAY, vdERe] 9 IS
v A, 2Ear wgl Bt o]l mAE}
STl o o8 sl o8 1 axprt 3+
2%ka stk Soliva 5 (2004)% MCFAY]
Hgl AFaves @r)gke] azte]r] el w
Aol Aol = A7k AFo] ey
olo} dhrjar x| &lar T} Ajisaka 5 (2002)
= e Ak WAzE $£4 3sha, sE
el FFes = W oyt FHlo] v
Q1 ARgo] offtiar XA shHA
A= wyor ZHzkel caprylic
acid (C8), capric acid (C10)2} CD<}2] complex
Az o] gol tigk T4 AR in vitro 2@ AHE
X Ekich
Cyclodextrine 2 A #ol|A] AMg-gt B-CD ©]
o & -, y-CD7}F 93, Z+7+e 6, 7, 8719

)
712 FHe A
=
=

= 3
WAstaL, 714e] gies F
]

|
Rog d#A <9It} (Dochéne &, 2003). ©]
o] ggt E Ao} Ajisaka &
ZA3}= CA-CD complex?] in vitro |
g A a9E sk o invivo A48 2
F= o}zl B3 ul glth. CA-CD complex2]

o
T

7]

AL in vivooll A= ALEAIFH &)
o] A glo] Wt EFS i
7t P& Aoz vdEch

2 AT ARE T 29, CDe v
nAES] S-S S7HAA total gaset HIEHA
o] EAlell F7te o] wWggkiol= a3t gl
AL golg 4= 91l ott CA-CD complexE
9 A=Y A g A s
of ofFaFS WAA| oL wwt BYHFS
Ao ZAAATE AR ZAEAT o
A3+ CA-CD complex”’} CD X+ CAE
A7rete] wiFd A9 vehdes 583
=5 BT AT e HHYS 2o
gy B Aol A ARE-EE CA-CD
= CA &5 7|so=m AAHIY
CD 5% 7|2 = 3 °F 6
JAO R o] GHIL Q= UNHAL HIHA AFE-
TR AAS] H2 HEE o] &EHAY] W
o 1.0g/L mRke] &3} FFEolAe] CA-CD
complex 717} Wk g 9 wgk A7ha
of tigk F7F A7 estrtal AdEth

X
e B
fol Hz

e
>,

[e)

S

Q ox N
(10, ol (T ol o do

o N T
rO N
- =

o ©
«Q
N
«Q
s
Ao S E
ox & ey &

V. 2 of

2 AFNME= caprylic acid®} cyclodextrin=}
°] complex (CA-CD complex)2] #7}=%=9] in
vitro WH9] g AN wig Al m A=
JeS dolraixl 313tk CA-CD complex
A7ME 7= A4 sglen, AgTEe
CA 20mg w5 Z7}(T1), CD 830mg T
H71(T2), CA-CD complex 425 mg 71 (T3,
CA &% 10mg), CA-CD complex 850 mg %7}
(T4, CA 3= 20mg), CA-CD complex 1700
mg H7FHT5, CA &% 40 mg)olm], kT o=
4, 8, 1277k Wi AFS FIsATE BE
ATl A lE 12A1374A] pH7F A4 0w
#Zaskelet. 53], wiek sl F7H T2, T3,
T4, T5 Ag|FolA xR fFolow 3F
28I} (P<0.05). Total VFA 55 thxT-ol
v T2, T3, T4, T51-E°] 8AI7HT 12413k
A f-9]4 (P<0.05) .2 7+A3}3AT). Propionate
e WY 8AIZIIARE ThE A et ET T4,
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T5 A277F o4 (P<0.05) .= A vebs
t}. Acetate : Propionate (A/P) H| &2 FE wjok
ARkl ATt oAl Aozt 1T
AEYel FEE gzl vl T2, T3, T4, T5
ATl A v AXTHRE tixTtE bRy
of F=7F 194 (P<0.05)22  FHAsk3lvh
Total gas= Ti17olA WHxETFERT F2o04 (P<
0.05)%1 #rAa7F dglon, T2, T3, T4, T5 A&
TolM e izl Blste] 12417kl A {014
(P<0.05) 0.7 Z7}3lit). Total gas Akl
3k wlEk H]S (%) 12A13F HjEAIZI A o
ZT= 340/00] ;qu]- nﬂE]. Bl/ngako] 7].1]— 7<4
AR T17+= 2.8%, =gk WAIRFo] 7P Wk
T27+ 5.1%, 18|31 T3, T4, 157+ H+
2.7%% T17-9F E7A14 AFol7h AT whebA
CA-CD complexE ©]-83tH, WH=9u] 2aoj
T4 4 glo] Wieks A

om Jlgek
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