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Table 1. Ingredients and chemical compositionsasi@bdiets (% of DM)

Basal diets

Ingredients (% of DM)

Diet containing 60% concentrate Diet containing 40% concentrate and

and 40% forage 60% forage

Alfalfa hay 20 30
Corn silage 20 30
Corn grain 32.24 19.70
Barley grain 5 3.55
Soybean meal 17.20 10.15
Corn gluten meal 2.40 3.44
Mineral-vitamin supplements 2.60 2.60
Salt 0.56 0.56
Chemical compositions

NE, (Mcal/kg DM of diet) 1.65 1.58
CP (%) 19.20 17.80
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Table 2. Compounds &ferula gum essential oils (%)

Compound RI* Percent Compound RI Percent
(E)-1-propenyl sec-butyl disulfide 1175 38.6 a-Thujene 926 0.1
Bis (1-methyl propyl) disulfide 1213 1.0 a-pinene 936 8.9
trans-Pinocarvyl acetate 1300 0.1 Camphene 948 0.2
n-Tetradecane 1400 0.1 Sabinene 973 0.1
Bis (1-methl thio) propyl disulfide 1427 0.2 B-pinene 979 0.9
a-Guaiene 1443 0.4 Myrcene 991 1.2
1-propyl sec-butyl disulfide 1460 0.5 Limonene 1028 3.8
allo- aromadendrene 1463 0.2 B-Phellandrene 1029 0.2
cis-Cadina-1,4-diene 1494 0.6 1,8-Cineole 1031 0.5
B- Dihydro agarofuran 1499 0.4 (BYOcimene 1036 2.4
y-Cadinene 1514 1.8 (E)B-Ocimene 1048 12.2
8-Cadinene 1524 0.3 allo-Ocimene 1129 0.4
trans-Cadina-1(2),4-diene 1532 0.2 neo allo-Ocimene 1141 0.2
10-epiy-Eudesmol 1619 2.0 Guaiol 1597 1.2
(2)-1-propenyl sec-butyl disulfide 1617 8.7 a-Humulene 1453 0.4
Bulnesol 1678 0.4

1. Retention Index
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Table 3. Compounds @dfrtemisia aucheri essential oils (%)
Compound Ri Percent Compound RI Percent
Neryl acetate 1359 0.5 a -Pinene 933 0.4
a -Copaene 1375 0.8 a -Terpinene 1016 0.4
Geranyl acetate 1384 0.5 p-Cymene 1024 3.0
(E)-Jasmone 1392 0.5 Limonene 1029 0.6
(2)-Jasmone 1396 0.4 1,8-Cineole 1030 6.0
Methyl eugenol 1405 4.2 B -Terpinene 1058 1.2
(E)-Caryophyllene 1418 0.8 Unknown 1075 0.5
Davana,bis-ether 1446 0.7 p-Cymenene 1089 0.6
a-Humulene 1456 3.8 Linalool 1099 0.7
Davana ether 1508 25.3 trans-Pinocarveol 1138 0.6
Davanone B 1568 0.7 Terpinen-4-ol 1177 0.7
Spathulenol 1577 4.0 a-Terpineol 1191 0.2
Caryophyllene oxide 1582 6.3 nor-Davanone 1230 1.1
Davanone 1588 1.4 Thymol methyl ether 1234 0.9
B-Oplopenone 1609 10.5 Geranial 1269 0.3
Davanol D1 1619 5.7 Thymol 1291 11
Cadalene 1671 4.3 Carvacrol 1299 11
Davanol acetate 1688 2.2 iso-Ascaridole 1305 2.0
B -Davanone-2-ol 1722 2.2 Hexyl tiglate 1331 0.4

1. Retention Index
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Table 4. Least squares means of main effectgasrproduction parameters

Parameters Diet 40:60 Diet 60:46  Without EO  Artemisia EO Ferula EO
Gas production (mL) 162.77 183.04 208.41 158.46 151.85
Gas production rate (%/h) 0.069 0.064 0.06 0.06 60.0
Lag time (h) 0.34 0.18 0.34 0.34 0.10
OMD (%) 88.22 89.85 87.36 89.06 90.67

1. Diet containing 40% concentrate and 60% forag®jet containing 60% concentrate and 40% for&g®Vithout essential oil,
4. Artemisia essential oil, and 5. Ferula essentlal
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Table 5. Effect of Ferula assafoetida andArtemisia aucheri essential oils in diets containing different levef
concentrate on gas production parameters

Diet 40:60 Diet 60:40 P-value
Parameters  Without Artemisia Ferula Without Artemisia Ferula SEM Diet EO Diet*EO
EC® EC' EC EO EO EO

Gas 188.97 15452  144.82 227.84 162.40 158.88 19.021 00.01 0.67
production

(mL)

Gas 0.068 0.072 0.069 0.063 0.072 0.058 0.009 0.546 0.60.84
production

rate (%/h)

Lag time (h) 0.47 0.34 0.20 0.21 0.34 0.00 0.20380.0.44 0.80
OMD (%) 83.13  88.90" 92.64 91.60 89.23" 88.7f 1.70 026 0.19 0.01

1. Diet containing 40% concentrate and 60% forag®jet containing 60% concentrate and 40% for&g®Vithout essential oil,

4. Artemisia essential oil, and 5. Ferula essential

¥ pifferent superscript letters within the same iiodicate significant difference®€0.05).
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Table 6. Least squares means of main effecferomentation parameters

Parameters Diet 40:60 Diet 60:46 Without EO  Artemisia EO Ferula EO
pH 6.19 6.25 6.20 6.22 6.25

N- ammonia (mg/dL) 4.84 3.38 5.24 3.22 3.86
Total VFA (mM) 85.86 75.90 78.22 73.18 70.25
Acetate (%) 67.31 65.12 63.19 67.51 67.94
Propionate (%) 15.76 17.37 20.40 14.81 14.50
Butyrate (%) 9.44 10.13 9.83 10.02 9.50
Isobutyrate (%) 2.14 1.94 1.56 2.26 2.29
Valerate (%) 2.01 2.06 2.11 2.09 1.89
Isovalerate (%) 3.34 3.37 2.90 3.29 3.89

1. Diet containing 40% concentrate and 60% forag®jet containing 60% concentrate and 40% for&g®Vithout essential oil,

4. Artemisia essential oil, and 5. Ferula essential
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Table 7. Effect of Ferula assafoetida andArtemisia aucheri essential oils in diets containing different levef
concentrate on fermentation parameters

Diet 40:60 Diet 60:40° P-value

Parameters Without Artemisia Ferula Without Artemisia Ferula SEM Diet EO Diet*EO

EOS EO* EO® EO EO EO
pH 6.21 6.15 6.22 6.19 6.29 6.28 0.09 045 0.89 720.
N- ammonia 5.47 413 4.92 5.00 2.31 2.81 040 <0.01 <0.01 60.1
(mg/dL)
Total VFA 82.99 68.23 95.78 72.66 76.27 77.47 6.22 0.17 0.070.09
(mM)
Acetate (%) 63.17 67.31 68.34 62.38 66.92 65.1784 0. 0.05 <0.01 0.45
Propionate (%)  19.97 14.28 14.94 20.60 15.72 16.4661 <0.01 <0.01 0.16
Butyrate (%) 8.5% 10.42  9.3%* 11.0¢ 9.90 9.64° 039 0.04 0.27 <0.01
Isobutyrate 2.83 2.65 2.16 1.53 1.88 241 0.28 041 0.04 0.21
(%)
Valerate (%) 2.04 2.33 1.66 2.17 1.92 2.11 0.22750. 0.50 0.18
Isovalerate 343 3.0 3558 2.3F 3.66" 423 034 080 0.03 0.03
(%)

1. Diet containing 40% concentrate and 60% forag®jet containing 60% concentrate and 40% for8g®/ithout essential oil,

4. Artemisia essential oil, and 5. Ferula essentlal

 Different superscript letters within the same iiadicate significant difference$€0.05).
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Table 8. Least squares means of main effecfgrotozoa population (log10/g digesta)

Parameters Diet 40:60 Diet 60:406 Without EO  Artemisia EQ Ferula EO
Total protozoa 4.72 4,51 4.77 4.53 4.55
population

Entodinium 4.67 4.48 4.74 452 4.47
Diplodinium 2.28 2.03 2.10 1.05 3.32
Ophrioscolex 2.49 1.47 2.26 1.63 2.05

1. Diet containing 40% concentrate and 60% forag®jet containing 60% concentrate and 40% for&g®Vithout essential oil,

4. Artemisia essential oil, and 5. Ferula essentlal
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Table 9. Effect of Ferula assafoetida andArtemisia aucheri essential oils in diets containing different lesvef
concentrate on protozoa population (log10/g digesta

Diet 40:60" Diet 60:40° P-value

Parameters Without Artemisia Ferula Without Artemisia Ferula SEM Diet EO Diet*EO

EO?® EO* EO°® EO EO EO
Total 4.81 4.63 4.71 4.43 437 0.08 <0.01 0.01 0.27
protozoa
population
Entodinium 478 4.62 4.61 4.41 433 0.08 0.01 o0.01 0.48
Diplodinium 2.10 1.10 3.65 1.00 3.00 0.87 0.73 0.07 0.92
Ophrioscolex 2.20 2.16 3.10 1.10 1.00 0.00 0.24 0.81 0.55

1. Diet containing 40% concentrate and 60% forag®jet containing 60% concentrate and 40% for8g®/ithout essential oil,

4. Artemisia essential oil, and 5. Ferula essentlal
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Table 10. Effect oFerula assafoetida andArtemisia aucheri essential oils om vitro acidosis induction

Experimental treatmerits

Parameters 1 2 3 4 5 SEM P-value
pH 6.24 4.85 527 5.50 5.54 0.04 <0.01
Gas production (mL) 37.70 54.5F 37.53 4277 40.90 2.04 <0.01

1 Experimental treatments included: 1. Control (10§ barley straw), 2. Uncontrolled acidosis (100 nagldy straw + 1 g
glucose), 3. Positive control (100 mg barley strawt g glucose + penicillin), 4. Uncontrolled acidosontainingFerula
assafoetida EO, and 5. Uncontrolled acidosis containfrgemisia aucheri EO.

a pifferent superscript letters within the same iiodicate significant difference®€0.05).
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Abstract

This experiment was aimed to study the effedt@fula assa foetida essential oil oArtemisia aucheri essential oil
in diets containing different concentrate ratio® &d 60% of DM) orin vitro fermentation kinetic and acidosis
induction. Essential oils were added at 0.05% ef BIM. Gas production parameters, pH, N-ammonia\enhatile
fatty acids (VFA) concentrations and total protozmgpulation were measured and organic matter diktst
(OMD) was estimated. The effect BErula assa foetida and Artemisia aucheri essential oils on prevention of
vitro acidosis induction was measured. The results stiahvat the interaction of diets and essential bdd no
significant effect onin vitro gas production parameters, N-ammonia concentrapbh) total VFA, acetate,
propionate and valerate concentrations, total pa#opopulationEntodinium, Diplodinium, and Ophryoscolex
population. The interaction of diets and essemtialon estimated OMD was significa(®2.64vs. 83.1 %,P<0.05),
and diet containing low concentrate level withogsential oils had the lowest estimated OMD. Esakwmils
reduced gas production, total protozoa populatio l[d-ammonia concentratiofP€0.05). Results of Ferula and
Artemisia essential oils on preventioninfvitro acidosis induction showed that both essentialiévent acidosis
induction. It was concluded that Ferula and Artéanéssential oils improved rumen fermentation.
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