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Tablel-The effect of adding essential oils, fennel, pine and eucalyptus on fermentable portion of gas production (b)
(ml/g OM) in various diets in pH=5*

(Fid 9 y50) B yuiiluv!
Essential oils
abjl, s gl
t . . . Eucalyptus
Foeniculum vulgar Pinups pumilio .
camaldulensis
b b aals
Py SBeT 3 30 3 30 3 30 SEM"
Basic diets Control
Sas g ab a ab a b ab ab
27.28 30.3 27.36 30.15 21.34 26.97 29.29 2.39
Alfalfa hay
” . 92.66° 93.21° 30.71° 82.98° 25.73° 95.30° 25.65° 4.69
Barley grain
80:20 79° 62.51° 30.73° 72.24% 27.48° 62.36" 27.63° 3.74
60:40 57° 50.53° 29.54° 54,88 33.21° 51.44° 25.27° 2.84
(P<+1-0) wil o o ime (s ylol OS] 3929 0aimd L5 Cind,y pov )3 oglise gy —)
3ylubl slbd 5 Kbe -¥
S Mg peess B e D -y
dog Sulid dile 1oyd Ve 4 g il doyd A- :80:20 -F
Ay Sulid dile oyd ¥ 4y g il doyd £+ 60:40 -0
1- Means with different superscript letters in row are significantly different (P<0.05).
2- SEM: Standard error of the means )
3- b: Fermentable portions of gas production of gas production (ml/g OM)
4- 80: 20, 80% Barley grain to 20% alfalfa hay
5- 60:40, 60% Barley grain to 40% alfalfa hay

"PH=F 3 Gl oo (T o3k 35 1 5l o) (D) SIS 55 o35 B 5 1 ugieS] 5 28 eyl slaeibil 39581 31-F Jga
Table 2- The effect of adding essential oils of fennel, pine and eucalyptus on fermentable portion of gas production (b)
(ml/g OM) in various diets in pH =6 *

(g 5Sue) L il
Essential oils
. ] 51

t s e s

Foeniculum vulgar Pinups pumili yptus

camaldulensis
ol oy Ky W)
2 SO 3 30 3 30 3 30 SEM"
Basic diets Control
ale
g Suid 11.9 17.14 14.81 13.36 13 12.02 12.68 1.75
Alfalfa hay
i

7 . 13.49 10.09 10.77 12.73 12.43 11.58 11.42 1.38
Barley grain
80:20 36° 20.45% 20.02%° 30.622 23.17% 26.33% 11.36° 4.75
60:40 17.332 13.51% 7.14° 7.32° 6.10° 9.46™ 7.85° 1.50

1-
2.
3-
4-
5-

alfalfa hay

(P<+/+0) wil o o ime (s ylol OS] 3939 0 Lis Cindy po )3 coglisie by —)

roduction of gas production (ml/g OM)

5yt glas S5k Y
S5 3 s BB ise D ¥

Loy Suis Lile 1oyd Ve 4 g il oy A :80:20 -F
Ay Suis dile oyd ¥ 4 g il doyd £+60:40 -0

Means with different superscript letters in row are significantly different (P<0.05).
SEM: Standard error of the means
b: Fermentable portions of gas
80: 20, 80% Barley grain to 20
60:40, 60% Barley grain to 40% alfalfa hay
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Table3-The effect of adding essential oils of fennel, pine and eucalyptus on fermentable portion of gas production (b)

(ml/g OM) in various diets in PH =7 *

(,.:g,;\,g) (LY W)
Essential oils
b3, 2 w7t
t . . - Eucalyptus
Foeniculum vulgar Pinups pumilio .
camaldulensis
Al sbvo
o i KEY e
Basic 3 30 3 30 3 30 SEMT
. Control
diets
o Sis ale
D 46.73° 60.34™ 63.83°  47.41° 56.78" 99.27° 101.35° 4.51
Alfalfa hay
il
zE 76.89% 73210 8473 4119° 85.54° 60.09° 92.34° 6.23
Barley grain
80:20 68.65% 73.86% 33%° 57.43" 42.83° 82.83° 75.84% 7.04
60:40 57.87° 82.15®  63.09" 58° 99.21° 64.72 101.29% 6.76
(P<+1+0) wisly o o ime (s ylol OS] 3929 0aimdLis Cindy o > Coglisie gy —)
3 bl (glas Sk —Y
B g a3s B i -
doig Suid Lile 1oy Ve 4 g il oy A+ :80:20 -F
Ay Sulid dile oyd ¥ 4 g il doyd £+ 60:40 -0
1- Means with different superscript letters in row are significantly different (P<0.05).
2- SEM: Standard error of the means )
3- b: Fermentable portions of gas production of gas production (ml/g OM)
4- 80: 20, 80% Barley grain to 20% alfalfa hay
5- 60:40, 60% Barley grain to 40% alfalfa hay
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Yoo g¥e /Y & o yodlis o nadlol w5 ais sla il
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Lo yid pp S Ve L(YY) oo 9 0L 35 9 B0 53
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290 Slon sadllogS o> 4 (55 ged 95l e (slaojlac
5 werdinls b anesls 3 Sid oale i L Cad il 38
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Table 4-The effect of adding of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Basic
Feed of hay in pH=5

(g 50) B puilis!

Essential oils

il 5 «bjl, s wsilsétﬂ
e Foeniculum vulgar Pinups pumili Eucalyptus

52 and camaldulensis

aald
Control 3 30 3 30 3 30 SEM" P-
value

e
;UHM 597" 592%  5ggw 5.82% 6 5.86%* 5.76 239 0.054

gl syt
iNﬁ;)5ﬁ 8.06° 7.82 7.06 7.72° 7.51% 7.62° 7.58° 278  0.232
beM%B
S 4333 53.33 51.67 45 46.67 51.67 3.92 1.17 117
DMD"

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen
3- DMD: dry matter disappearance

S gls os -

Sgel e =Y

Sis oole (gl -

(P< +7-0) ba)lo o o gime coglis Jlosis] ¥

(P<+/+0) a3l oo o ime MBI (gyls lite jué By b sy (sl Sila =0

4- P-value: significant difference probability between treatments (P < 0.05)

5- Means within same row with different superscripts differ (P<0.05).
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Table 5-The effect of adding of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Basic

Feed of concentreat in pH =5.

(5 g 55u0) L guilan]
Essential oils

W asw! 3 I P Pinups pumili
it Foeniculum vulgar PSP Eucalyptus_
& oSS camaldulensis p.

ad 3 30 3 3 30 SEM  value
Control

5 o]
;JHM 5.53¢ 5.47 5.63° 5.51 5.62% 5.39¢ 5.55 0.020 541

Wgel (159
el i 6.42"° 6.73 6.23 6.40 6.96° 6.80 6.54 0.20 1.37
N-NH;
osle puan s
Kis 552 50 46.67 50 46.67 51.67 45P 2.545 2.36
DMD

3 bl (glas 1Sk =)

Stigel 0oy =Y

Sis oole (gL -

(P< +1+0) b jlo cplo o gine coglis Jlainl =¥

(P +10) ail o o gine MBI (ghls lia yé By b cind, o (sl ySila —0

1- SEM: Standard error of the means

2- N-NH3: Ammonia nitrogen

3- DMD: dry matter disappearance

4- P-value: significant difference probability between treatments (P < 0.05)
5- Means within same row with different superscripts differ (P<0.05).
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Table 6 -The effect of addition of essential oils of fennel, pine and eucalyptus on fermentation parameters in Base Feed
with ratio of concentrate to forage of 80% to 20% in pH =5

(Cudg5a) (ouniluo! (s (E9,
Essential oils
Shalp B s, s o5l
Sy Contro Foeniculum vulgar Pinups pumili Eucalyptus_
- | camaldulensis
3 30 3 30 3 30 SEM P-value
Al
pH 5.63 5.66 5.58 5.64 5.66 5.75 5.75 0.038 2.93
F el 7.49% 6.87 6.85 7.13 7.81 6.29° 6.90 0.2300 4.11
N-NH;
o3lo it s
Sais 56.66 46.66 48.33 46 46.66 56.66 51.67 3.469 1.93
DMD

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen

3- DMD: dry matter digestibility

4- P-value: The significance level

sl glls Sole -

Sbigel (gt =¥

(25 ool an bl T

(P< 140) b )low o I3 gime coglis Jloinl ¥
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Table 7-The effect of adding of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Basic
Feed with ratio concentrate to forage 60% to 40% in pH =5

(g ,5e) W il
Essential oils
. es o5 ST
abjl, . - i
. Pinups pumili Eucalyptus
Foeniculum vulgar .
camaldulensis
VSR b )
¢ s s Control 3 30 3 30 3 30 SEM P
(§ oS value
A Suww!
pI"-|“ 5.74 5.67 5.71 5.75 5.81 5.70 560 0.019 0.133
Ligol 450 i
Sloisel Lja i 7.66 7.68 7.51 7.68 6.69 7.38 6.60 0234 4.79
N-NH3
bblop..é.h«:@,l_;l.s
47 33 31.67 46.67 44 46.67 45 3928 247
DMD s

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen

3- DMD: dry matter disappearance
4- P-value: The significance level

3 bl (glas 1Sk =)

Sbisel (g Y

Siis oole (gl -

(P< +1-0) Wajlos o 5 gime oglis Jloss! ¥

PH =5 15 axg (S b b culS oo (65059 ladomianld  ogiedlS] g 218 bl o il cilises jlio (19331 51 -A Jgua
Table 8 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Base

Feed of hay in pH =6

(yd9,50) W puilin!
Essential oils
. gs Tl
Sk Pinups pumili Eucalvpt
KLY Foeniculmvulga ucalyptus.
camaldulensi
Sl
o Control 3 30 3 30 3 30 SEM  P-value
T3 e
]
;'_""” 4.89" 4.88 4.90 4.89 4.92 4.92 493 0008 35
Lisel c55i
o ligel Ol 8.61° 8/32 8/42 7.90° 7.78" 8.10 8.01 0.167  3.86
N-NH3
s oole puam Ll
DMD’ st e 35.66 345 315 34.16 33.16 37.16 36.16 0.69 6.25

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen

3- DMD: dry matter disappearance
4- P-value: The significance level

5] s e )
Sbigel 39y -V

S oole gl -Y

(P< +1+0) W )low oy yls gime coglis Jlozs! ¥
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Table 9 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Basic
(ydg,5) n wiluiFeed of concentrate in pH =6

(52d9,550) lpuslish
Essential oils
b3, c¥ gl
Sdocwl 3 Foeniculuvulga  Pinups pumili Eucalyptus
§ oS b camaldulensi
Control 3 30 3 30 3 30 SEM P-value

&l
pH 4.82 4.83 4.85 4.86 4.83 4.83 4.84 0.015 0.66
S ligel 0l 9.53 9.15 9.31 8.87 9.18 89.13 9.22 0.199 1.28
N-NH;
oolo i CllB
Kt 51.16 50 495 495 445 48.16 46 1.86 2.74
DMD

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen

3- DMD: dry matter disappearance
4- P-value: The significance level

3 bl (glas (1Sko =)

Sbigal (gt -V

Sis oole (gl Y

(P< +1:0) bjloss o fosime glis Jloil -F

PH =5 ;5 digle & 0S¥ s Ae (Slyss arl b cusS Lo (6o (glaasminl by weindlST g 218 il slo il Clises jolio 3938) 51—V e Joda
Tablel0 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in
Basic Feed with concentrate to forege 80% to 20% in pH =6

(g 5Sue) L il
Essential oils

Szl 3 aLj, . ogd]

JUve ) Foeniculum vulga Pinups pumili Eucalyptus
bl aald g PSP camaldulensi

Control
3 30 3 30 3 30 SEM P-value

) ab c ¢ ¢
oH 5.19 5.10 491 5.20 5.17 4.95 4.96 0.029 0.178

(% T ot is
Sl Qg g gga 8.88 9.28 7.59¢ 7.67¢ 8.39 8.08% 0.202 8.78
N-NH,
oan Colls
Sadosle 475 425 415 47 44 38.66 39.83 1.73 4.15

DMD
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Table 11 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Base
Feed with concentrate to forage 60% to 40% in pH =6

(39 ,50) it
Essential oils
abjl, s el
Foeniculum vulga Pinups pumili CE#]Z?(;):JplteL:ISSi

v 48 -
SRy el 3 30 3 30 3 30 SEM P-value
(§ g Control

“‘;T_"“" 4.66° 4.67 467  470° 467 4.67 4.70° 0.009 3.14
Sl 0o 8.86%° 9.39 8.98 8.57 8.78 8.68 8.24 0.309 1

N-NH;

ran Coll 475

Sis oole ' 40.5 38.83 42 40.66 42 37.16 0.78 7.61

DMD

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen

3- DMD: dry matter disa| .
4- P-value: significant difference probability between treatments (P < 0.05)

earance

5- Means within same row with different superscripts differ (P<0.05).

3 bl (glas 1Sk =)

Slgel (595 -V
Sis oole (gl Y

(P< 1+0) Jloss] grhans 5 njlasi (pmr > iae coglis —F
(P<+1+0) a1l on o ine MBI (glyls wlite e By b Cndy b (sl ySolia =0
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Tablel2 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Basic

Feed hay in pH =7

(9 550) W puilus!
Essential oils
a1, oS!
Foeniculum vulga Pinups pumili Eucalyptus
g psp camaldulensi
W asciw! 48 "
¢ ._)3 - 3 3 30 3 30 SEM  P-value
(S o Control
Q:‘J‘ 6.80° 6.85 6.87° 7.22° 6.85 6.84 6.82 0.015 0.000
p
0395
Sbigal 7.59° 8.39° 8.54% 5.90° 7.48 7.46 7.42 0.206 0.000
N-NH,
Kis ool 43.33° 542 56.962 20.83¢ 35.5° 38.16 52¢ 2124 0.000
DMD

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen

3- DMD: dry matter disaj N
4- P-value: significant difference probability between treatments (P < 0.05)

earance

5- Means within same row with different superscripts differ (P<0.05).

3,8kl dUa% oSk =)
Sbigel (g
Sis oole (gl -

(P< +/+0) Joss! gaw 53 bnjlass oy sl ine coglis —F
(P<+/+0) a1l go o ime MBI (gyls lite e By b Lind, y (sl Sila =0
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Table 13 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in
Basic Feed of concentrate pH =7

(Fd9550) L pusil!
Essential oils
abjl, s cegelt]
. . - Eucalyptus
Foeniculum vulga Pinups pumili .
camaldulensi
ool )3
GRSl 3 30 3 30 3 30 SEM  P-value
& oSS control
M:J 6.72° 6.78 6.84° 7.022 6.79 6.75 6.73 0.025 0.074
p
0395
Sligel 874"  935°  9.29° 7.52° 6.58° 7.12° 6.84° 0094  0.000
N-NH;
<is oole 46™ 59.66° 475 32.16° 45 40.66¢ 50.06 2.124 1.406
DMD

5 bkl s 5 Sile =
Stigel oy =Y
Sis oole (gl -
(P< +1+0) Jloss] grbans 5 njlasi oy > iae cglis =¥
(P<+/+0) aslon Jogine B (glyls i pé Bgo b o) 2 (slanSibe =D
1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen
3- DMD: dry matter disappearance
4- P-value: significant difference probability between treatments (P < 0.05)
5- Means within same row with different superscripts differ (P<0.05).

PH =7 )5 dgle @y 05l Yo Ae (Shs b b (s prass (slaaominld pr GugiedlS] 5 28 il (slo puilisl cilin jpolio (39381 31-Y € Jou
Table 14 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Basic
Feed with concentrate to forege 80% to 20% in pH =7

(g Se) o puibusl
Essential oils
«bjl, 3 w51
Foeniculum vulga Pinups pumili Eucalyptus_
camaldulensi
asciwl 3
RS aald 3 30 3 30 3 30 SEM P-value
cuiS e Control
“‘"‘"*H-‘”' 6.76° 6.84 6.85 6.96% 6.82 6.87° 6.85 0.027 5.54
p
Sbigel 0jgrs 8.51° 9.90° 8.71 6.71¢ 6.91¢ 7.75° 7.78° 0.129 0.00
N-NH3
oolo peid Colls
Kb 32.83° 34 39.16° 24.86° 26¢ 495 48 1.253 0.000
DMD

3kl sllot 5, S5ke -
Slogel sy =¥
Sis oole (gl -
(P< /+0) Jlois] grdans 5 njlasi oy > inn cglis =¥
(P<+/+0) a1l oo o ime MBI (gyls lite jué By b Cind, y (slo i Sila =0
1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen

3- DMD: dry matter disappearance »
4- P-value: significant difference probability between treatments (P < 0.05)

5- Means within same row with different superscripts differ (P<0.05).
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Table 15 -The effect of addition of essential oils of fennel, pine and eucalyptuson on fermentation parameters in Base
Feed with concentrate to forege 60% to 40% in pH =7

(g sSeo) B puibust
Essential oils
a3, o o]
Foeniculum vulga Pinups pumili Eucalyptus_
camaldulensi
lbasil b Sald
B Ccontrol 3 30 3 30 3 30 SEM P-value
B e
W
“;:“ 6.79° 6.80 6.87° 7.15% 6.90b 6.090° 6.81 0.124  0.011
el 0o 8.39" 8.77 9.20° 6.74¢ 7.36° 7.73¢ 7.52¢ 0.57 0.00
N-NH;
o3le rv..a.h «_M.Lvls
s 34.16° 44.83° 35.83 32 32.33 552 50.66° 1.36 0.00
DMD

1- SEM: Standard error of the means
2- N-NH3: Ammonia nitrogen
3- DMD: dry matter disappearance

5kl glas 5, Sole -

Stgel e =Y

Sis oale (gl -

(P</+0) Jlozn] grhans 3 ajlas oy o ime cglis =¥

(P<+/+0) wslon Jogine B (glyls i pé Bgo b o) 2 (slanSibe =D

4- P-value: significant difference probability between treatments (P < 0.05)

5- Means within same row with different superscripts differ (P<0.05).

Py 950 B9 aa s Slisel (ias sgne el
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5 218 el ) o3lil oS 36 blatsl s ol (jSao 11
ez 35 o Sy o35 Sals Llate 5 55wl j2als sl

A5l b calio ppes anlyd Joas

o5 85 4o
0l 03933l sl bl y 5l &S dmd o L addllae ) ol
39 il )See ¥ e )3 2LS il (isle] 3,90 (slapH
ge g See T Jlade )3 ustdLST (il (5)5e8" 3)l9e
36 9 €uiS Lazma PH 3Bl ( Sligel (5905 355 i inls
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Introduction In the ruminant animal, rumen fermentation provides nutrients, energy and protein needed for
livestock, but this process is accompanied by the loss of energy in the form of methane and protein as ammonia
nitrogen. Methane released from ruminants as an environmental pollutant with 38% greenhouse gases is one of
the most important reasons for global warming. On the other hand, it reduces 2 to 15 percent of the energy
consumed by the livestock. Ammonia nitrogen and nitric oxide are excreted through urine and fertilizers and
pollute the environment. Therefore, researchers have tried to eliminate these problems from the past to add some
supplements to animal feed to improve fermentation performance. Over the past few decades, ionophors and
probiotics have been marketed as methane reducers. However, the antibiotic concerns and the level of these
compounds in animal products have limited their use. To solve this problem, the use of herbs, essential oils and
their extracts in the replacement of antibiotics and improvement of rumen function has been suggested. Essential
oils are aromatic, volatile and oily compounds extracted from plants. They have antimicrobial properties against
many bacteria, yeasts, and fungi. Due to the fact that herbal essential oils have strong antimicrobial properties,
they are used as additives in livestock feeding. The purpose of this study was to evaluate the effect of some
essential oils and pH on rumen fermentation parameters in different diets in in vitro.

Materials and Methods In this study, the essential oils of Fennel (Foeniculu vulgare), Eucalyptus
(Eucalyptus camaldulensis) and Pinus pumilio (Pinus pumilio) were used. For the extraction of pine and fennel
seeds and Eucalyptus leaves were used. Water extraction was used to extract essential oils from Clevenger
apparatus. For this purpose, 1Lit glass balloons (pine and fennel seeds were cut and Eucalyptus leaf grinding), 70
grams were used and 750 ml of distilled water was added to each balloon. Samples and distilled water were
warmed up at 100°C. Heating was performed for 4 hours to evaporate the contents of the balloons. The essential
oils of each sample were extracted on the cooled water from the evaporation procedure. Finally, each of the
essential oils was stored in dark glass containers until refrigerated at 4 °© C. The first phase consisted of
incubation 4 basal diet: 100% alfalfa hay, 100% concentrate (barley), mixed concentrate with alfalfa with levels
of 80 to 20 and 60 to 40% of concentrates to alfalfa hay with zeros, 3 and 30 mg/l of essentiol oils pine,
eucalyptus and fennel mixed with 30 ml of rumen fluid for 72 hours at pH different (5 = pH, 6 = pH and 7 = pH).
The pH were set at desired levels using NaOH and HCI at the beginning of incubation to investigate the effect of
essential oils and different pH on different parts fermentation, the result of test gas production (a and b) .The
second experiment tested the same conditions but in the first 24 hours for examining their effects on pH medium,
the concentration of ammonia nitrogen and dry matter disappearance.

Results and Discussion The highest average gas production from fermentable partion in treatment of hay
with eucalyptus oil and the lowest at 7 = pH in the treatment of 60 to 40 percent with pine essential oil was
observed at 6 = pH. At the end of incubation the treatment of 60% concentrate with essential oils of fennel, pine
and eucalyptus in 6 = pH and highest for alfalfa with pine oil was at 7 = pH. The lowest concentration of
ammonia nitrogen in the treated hay with pine essential oils 7 = pH and the highest 80 percent concentrate
treatment with essential oils in fennel was 7 = pH. The disappearance of dry matter in the hay treated with
essential oils of pine was 7 = pH. These results suggest that high levels of essential oils effect on rumen
microbial fermentation, which confirmed the antimicrobial activity.

Conclusions The results of this study show that of the added essential oils in tested pH, pine essential oil in 3
pl and less in the amount of 30 ul of eucalyptus essential oil, resulted in further reduction of ammonia nitrogen
production, increased pH of the culture medium and decreased disappearance dry matter was found in all foods.
Therefore, it can be concluded that the essential oils of pine and eucalyptus can control the degradation of the
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microbial protein in the rumen by reducing the ammonia nitrogen content and improve the nitrogen yield in
ruminants. Since the amount of gas produced from an indigenous feed is due to the fermentation of that feed, and
hence its energy value, it can be concluded that the use of pine essential oils, because it reduces gas production
and consequently reduces feed fermentation, The fermentation process is not suitable.
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