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ABSTRACT

The purpose of this study was to investigate the effects of mustard, which contains allyl isothiocyanate, on ruminal fermentation
and methane emission in vitro. To this end, diluted ruminal fluid (30 ml) was incubated anaerobically at 39°C for 6, 12, and 24 h
with or without seeds or powdered mustard. Either mustard seed or powdered mustard was weighed and serially (0, 3.33, 5.00,
6.67, and 8.33 g/LL) mixed with ruminal fluid. Ammonia-N was increased (P <0.05) by mustard treatment in a dose dependent
manner. Regardless of concentration or form, mustard increased (P <0.05) total VFA content but decreased (P <0.01) pH
compared to control group. Molar proportion of acetate (A) was decreased (P <0.05) whereas propionate (P) was increased (P <
0.05) by mustard treatment, thereby A:P ratio was decreased (P <0.05) compared to control group. Total gas production was
increased (P <0.01) in a linear manner by mustard treatment compared to control group. There was no effect of mustard powder,
except 8.33 g/L level at 6h, on methane emission. However, at 24 h, methane emission was reduced (P <0.05) by 4.77% and
11.54% with 6.67 g/L and 8.33 g/L of mustard seeds supplementation, respectively. Altogether, these results suggest that mustard
seeds containing allyl isothiocyanate may reduce methane production without disturbing ruminal fermentation.
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Table 1. Ingredient and chemical composition of diet
Ingredient composition % of DM
Corn 47.80
Wheat Bran 41.00
Soybean meal 5.00
Rapeseed meal 2.00
Molasses 2.00
Limestone 1.50
Salt 0.40
Vitamin & mineral mix" 0.20
Lasalocid ? 0.10

Total 100
Chemical composition Concentrates ~ Rice straw
Dry matter 86.62 95.41
Crude protein 13.28 6.12
Ash 4.92 9.71
Neutral detergent fiber 14.09 56.49
Acid detergent fiber 2.95 37.68

Dvitamin A: 2,650,000 IU, vitamin D3: 530,000IU, vitamin E:
1,050 IU, Nicotinic acid: 10,000 mg, Fe: 13,200 mg, Mn: 4,400 mg,
Zn: 4,400 mg, Copper: 2,200 mg, lodine: 440 mg, Cobalt: 440 mg.

P Lasalocid is an antibiotic from the group of carboxylic

ionophores and is used as sodium salt.
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spectrophotometer (630 nm)= OD (optical density)
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Table 2. Effect of Mustard seed and powder on gas production, methane and hydrogen emission

Gas Treatment" P value
h production MS MP SEM? Control MS MP
(ml) Sl 2 S3 sS4 PIL P2 P3 P4 vs Treat. Linear Quad.” Linear Quad.
Total gas 7805 14.83" 1563 1577° 1653 19.60° 2237° 2457° 2237° 0238 <0001 <0001 <0001 <0001 <.0001
. Methane 0415 085°  078% 069 0.5 L17° 125" 128 1.02° 0034 <0001 <0001 <0001 <0001 <0001
Methane (%)  529°  570° 5019 434 317 597 560° 521 454° 0173 00748 <0001 00012 0.0022 0.0020
Hydrogen 0.003®  0.008% 0.010% 0.020¢ 0051 00137 0017 0.027° 0.029° 00022 <0001 <0001 <0001 <0001 0.2498
Total gas 19.63"  30.87% 335" 3457°  3490°  36.00° 36.80° 3830° 4047° 0264 <0001 <0001 <0001 <0001 <0001
b Methane 236°  395° 391 350°  334° 501° 510" 455" 489° 0204 <0001 0.0052 <0001 0.0005 0.0006
Methane (%) 12.02° 1278 11.68° 10.11° 958" 1391° 1385 11.88° 1208° 0534 09455 00001 00511 03865 0.0653
Hydrogen 0.011¢ 0018 0018° 00200 0.024° 00165 0.019° 0.020° 0.026" 00010 <0001 <0001 02891 <0001 0.8803
Total gas 3417 4340°  4730° 4933°  50.60° 446" 51.60° 5330° 5430 0490 <0001 <0001 <0001 <0001 <0001
4Methane 5160 694° 721 708 675 761°  871® 893" 833" 0143 <0001 <0001 <0001 <0001 <0001
Methane (%) 15.08° 16.00™ 1525 1436 1334  17.08 1687° 1675 1534° 0300 0.1050 00014 00138 0.8318 0.0001
Hydrogen 0.017°  0.024™ 0027 0.028° 0.028°  0.024™ 0017° 0.019° 0.021° 00025 0.0273 0.0009 00097 0.7062 0.9316

abcdefgh

Means with different superscripts in the same row differ significantly (p<0.05).

D Treatment, C: Control, MS (S1: mustard seed; 3.33 g/L, S2: mustard seed, 5.00 g/L, S3: mustard seed, 6.67 g/L, S4: mustard seed, 8.34 g/L), MP
(P1: mustard powder; 3.33 g/L, P2: mustard powder; 5.00 g/L, P3: mustard powder; 6.67 g/L, P4: mustard powder; 8.34 g/L)

? Standard Error of Means
9 Quadratic
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Table 3. Effects of mustard seed and powder on pH value by mixed ruminal microorganisms

Treatment" P value
Time 2)
S MS MP SEM” vl MS MP
SI  S2  S3 sS4 P1 P2 P3 P4 vs Treat. [inear Quad.® Linear Quad.
6 669 6.59° 6.56° 6.53° 6.50° 6.49° 651 6.49° 6.50° 0.009 <0001 <.0001 0.0002 <.0001 <.0001
12 654" 6.46° 6.44° 6.42° 639° 641 630° 6.19° 6.18° 0.008 <0001 <.0001 0.0033 <.0001 0.0002
24 642" 633° 6.29° 6.27° 6.17° 625° 6.24° 6.19° 6.13° 0.007 <0001 <.0001 0.3006 <.0001 0.0002

abede f

)Treatment, C: Control, MS (S1: mustard seed; 3.33 g/L, S2: mustard

Means with different superscripts in the same row differ significantly (p<0.05).

seed, 5.00 g/L, S3: mustard seed, 6.67 g/L, S4: mustard seed, 8.34

g/L), MP (P1: mustard powder; 3.33 g/L, P2: mustard powder; 5.00 g/L, P3: mustard powder; 6.67 g/L, P4: mustard powder; 8.34 g/L)

? Standard Error of Means
) Quadratic
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Table 4. Effects of mustard seed and powder on in vitro NHs-N (mg/) production by mixed ruminal mcroorganisms

. Treatment' P value
Time 2
o c MS MP SEM”  Control MS MP
SI  S2  S3 sS4 PI P2 P3 P4 vs Treat. Linear Quad.” Linear Quad.

6 13.48° 15.59% 16.88° 17.74™ 18.60" 13.05° 13.98° 17.31° 25.31° 0348 <.0001 <.0001 0.0105 <.0001 <.0001
12 13.33" 14.84% 16.70" 18.67° 20.50° 13.55" 21.51° 27.38° 32.98" 0276 <0001 <0001 0.4380 <0001 <.0001
24 14.75' 31.42" 49.12" 63.76° 81.91° 36.09% 69.31 98.08" 117.66° 1305 <0001 <.0001 0.9882 <.0001 0.0410

sbedellel \ feans with different superscripts in the same row differ significantly (p<0.05).

l)Treatment, C: Control, MS (S1: mustard seed; 3.33 g/L, S2: mustard seed, 5.00 g/L, S3: mustard seed, 6.67 g/L, S4: mustard seed, 8.34
g/L), MP (P1: mustard powder; 3.33 g/L, P2: mustard powder; 5.00 g/L, P3: mustard powder; 6.67g/L, P4: mustard powder; 8.34 g/L)

? Standard Error of Means

¥ Quadratic.

Table 5. Effects of mustard seed and powder on volatile fatty acid (VFA) by mixed ruminal microorganisms

Treatment” P value
T(lﬁ;e Item . MS MP SEM? Cont. MS MP
VS
SI  S2  S3 sS4 PI P2 P3 P4 Treat. Linear Quad.® Linear Quad.

Total VFA mmol/L 27.9° 40.1° 4467 455 481"  48.1™ 498" 549" 523™ 1.81 <0001 <0001 0.0141 <0001 <0001
Acetate, mol (%) 65.1° 64.4" 61.7° 60.6" 60.5° 533" 61.7° 621 57.5" 3.17 0.1688 0.0083 0.5250 0.6461 0.7004
Propionate, mo 1 (%) 14.6° 17.8° 18.0° 19.2° 19.4*  15.6™ 16.7° 17.5° 16.7° 0.73 0.0014 <.0001 0.0297 0.0549 0.2729
Butyrate, mol (%) 43" 4.5® 38% 3.0° 27°  114°  41® 33® 35° 254 09297 0.0026 03672 0.3896 0.5746

6 Iso-butyrate, mol (%) 10.5° 9.9 9.6® 9.6® 9.0° 10.7° 9.8 9.6 92® 046 0.1248 0.0106 0.7972 0.0615 0.8404
Valerate, mol (%) 4.8 24" 59® 65° 73  75% 63® 61" 114° 224 04172 0.1906 0.6602 0.0923 0.3901
Iso-valerate, mol (%) 0.8 1.1°¢ 1.1° 1.1 1.0° 15  14° 13" 1.7 0.1 0.0037 0.0590 0.0018 0.2249 0.0084
Acetate:Propionate ~ 4.4* 3.6™ 34> 32% 37° 339 37° 367 34" 0.09 <0001 <0001 <.0001 0.0017 0.0131
Total VFA mmol/L 37.4" 457° 51.7% 578 61.8° 5757 72.0° 739" 812" 211 <0001 <.0001 0.2650 <.0001 0.0044
Acetate, mol (%)  57.0° 563" 54.6° 548" 558° 585" 583® 506" 571" 143  0.9439 0.4093 0.3388 0.7919 0.3180
Propionate, mol (%) 15.5° 19.2°¢ 20.5% 22.1° 242° 192 187° 205 21.7° 054 <.0001 <.0001 0.1485 <0001 0.2513

b Butyrate, mol (%) 6.1 5.8° 49" 47 33° 570 43%  41% 35 033 0.0005 0.0012 03941 <0001 0.4976

Iso-butyrate, mol (%) 10.8" 11.4° 103" 10.1°¢ 9.6 10.0™ 88 94% 90° 026 0.0029 0.0020 0.1912 0.0011 0.0465
Valerate, mol (%) 9.7 61 85 70 58 52 84 47 74 162 0.0986 0.1802 0.8917 0.4328 0.3277
Iso-valerate, mol (%) 1.0° 12 12° 13® 13  14° 15° 1.6 14 0.4 00442 0.0947 0.3304 0.1091 0.1428
Acetate:Propionate ~ 3.7* 2.9™ 2.7 257 23° 3.0° 3.1° 29" 26%  0.09 <0001 <0001 0.0027 <.0001 0.2171

Total VFA mmol/L 53.6° 66.3° 724% 77.5™ 821" 727 824° 93.1° 979" 256 <0001 <.0001 0.0525 <0001 0.0146
Acetate, mol (%)  62.0" 602" 56.9% 551¢ 56.1° 582" 580" 57.1° 562 0.89 0.0001 0.0018 0.1407 <.0001 0.0190
Propionate, mol (%) 16.1° 17.1% 18.2° 19.4® 204* 158 17.7%% 187 20.0° 033 <.0001 <.0001 1.0000 <.0001 0.0055
Butyrate, mol (%)  4.9° 6.7° 65 61" 58¢ 6.4™ 63" 65 61 013 <0001 0.0407 <.0001 <.0001 <.0001
# Iso-butyrate, mol (%) 10.3° 10.9° 10.0 9.7 9.5%  92° 93° 92° 94* 012 <0001 0.0001 0.0788 <.0001 <.0001
Valerate, mol (%)  6.0° 3.6° 68° 78 63" 89" 72" 68° 64 116 05713 03647 0.0970 0.2905 0.0060
Iso-valerate, mo 1(%) 0.7° 15° 16 18" 2.0° 14° 165 1.8 20" 003 <0001 <0001 <0001 <0001 <.0001

Acetate:Propionate  3.8" 3.5 319 28 2.7° 3.7 33° 31% 28 0.05 <0001 <.0001 0.0057 <.0001 0.8566

el N eans with different superscripts in the same row differ significantly (p<0.05).

" Treatment, C: Control, MS (S1: mustard seed; 3.33g/L, S2: mustard seed, 5.00g/L, S3: mustard seed, 6.67g/L, S4: mustard seed, 8.34g/L), MP (PI:
mustard powder; 3.33g/L, P2: mustard powder; 5.00g/L, P3: mustard powder; 6.67g/L, P4: mustard powder; 8.34g/L)

? Standard Error of Means

3 Quadratic.
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3 Mohammed % (2004)°] A&o| 7 cyclodextrin
glucose= TAE] 9= 33 thdiolrh. Cyclodextrin® L -
37380 THE BsEe] o8] Fistl weh w9 o] nAE
il PSS g o] o] &o] ksl Hil(Lila T,
2003) ofol] mt FAS ol AEHE YRUole] kv 1Ay
Y Ao Holth by B Ao AR AxpEAlel AR A
B9 o7 RE FoAm wadel ggo] rH =2 FAREY
(Rune, 1973)2 94 AF3 Sond} Lee (2006)2] Zxfol] o)atw
AREA L AZRES] 23S 23.49% 3 33.74%°]th. ©]
of wel ArRFA} AL 7)Ee AFAEe] AR A
cyclodextrin complex 7}l H|3] Zghald Fheko] o} 9
ofe] AFHFE F7et Ao AlmHrh

% VFAE BT AE]ola] drheel et fejdor sopxa
HjEAITro] Aol wt F7FskYIth (Table 5). AAREAS] 45
tztohs F VEA A4l 2 Aok QAT (P<0.01) S1%
S2 Afelel A= e Q1 Abel7k §191aL, S39F S4 Fhell &= el A<l
Aol YehA ol AR AR} mpyA R i
sh 2 AolE B O (P<0.01), W% 6217k P17} P3 Afolo]
7h o] A3 Aol 7h 9ASIAL (P<0.01), ¥l 1243kl = P13} P4E
Alelgtar P2¢k P3 7l zbol7k iRith vl 24417kl = P13} P2
Aol el ztol7t AU (P<0.01) P39F P4 Floll= Apol
7b S%ATh Acetate F%+= ARSI ARRES] H7beke] Frhet
TE faste AFs BAh WY 2443 o= S49F P4 A
ToM fredoz Aad S FRIT & AT (P<0.01).

AEA

Y

e

Acetate9} FHHEZ propionate:™ ZAHES] 6417t WSS Al9lEtaL
RE AggelA ke g I F AATHP<0.05).

Acetate®] 7449} propionate®] S7F2 AP ratiow HETol H]
3 8oz 7489 (P<0.05). Butyrate™ ZAAEARS}E A
& BFollA 6 B 1241 Wi Al A7kl SUERl wheh A
st o} 24412 Wi Fol= 7kt Iso-butyrate] 75

A= WE 60X} 12417kl ZHAEHAaL 244 7kl oixet
HSakglon, AZRES WY 6A13H} 247 = tizTe fo)d

S Holx &otar v 12417l = F718INT) Valerated] 75
gizTet ATt Fdd Aol dERA] A iso-

valerate™ F7hol e}t S7kehs A4S HSiTh olwd A=
g2 83E0]U(Trei &, 1971) ionophore L& thE wEH A
Aol B4s AAANE 24E A7H(Goodrich 5, 1984)3to]
e S A TP o2 AFES LA A
Abel A4 Aol fARsIE 53] Demeyer®t Van Nevel
(1975)9] 9+ Aol 23l A:P ratio”} sl AL g A
gol AztEE
propionate®] AJ4tell ©]-&5 ] propionate®] FEE F7HAF7] o
o}, & 29| A= allyl isothiocynateE 13
A e FARIAT (Lila 5, 2003; Mohammed

e o

£ 9= allyl isothiocyanateE et AR} ARHES
ol gate] WSl WEA Y wg wiEel WX JEgE dolra
AF AT Sgst ek w9 30 mioll ARREARe}
ARG H7kste] 39CoA 6, 12, L2]ar 24A17F Sk vjokalsd
o AREAReE AR 747} 0, 3.33, 5.00, 6.67 2 834 ¢/L #
7hett & 7k AR BE ATA foHow S8k
oH(P<0.01). v WiEFS AANFAE 6.67gL R 834¢/L A
7VekS W 24 4.77% 2 11.54% 7483t (P<0.05). AR
ol ik 6217kl 8.34 g/LE H7FEHIS WS AlQlsln &t

LFEREA] Qhgket. W] g AdAdell 9lof, pHE tizT-9b MlaLst
of B AzTlA Sl YT (P<0.01). FEYot] s
Aol StEE felHoR SIS (P<0.01). F F1E
AL T BE AETUF 2Ty 299t (P<0.05). HE&T
o} Hlu8le] acetate?] TEE TAEI93L, propionate? FEE

Z7F319t (P<0.05).  Acetate®} propionate 'H3}E  <ls] AP
ratio GA] 2 THP<0.05). £ Al AYZ Hol allyl iso-
thiocyanates st AXNEAE #71elAS o w59 2ady

of J&F= MAA g g AdFS AR ds Aem A

7).

Ao} AR, v, WS 9

o g 2
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