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Introduction: Buffers are frequently incorporated into high-concentrate diets to mitigate ruminal acidity and stabilize
ruminal pH. Their inclusion can augment the acetate-to-propionate ratio and enhance fiber digestibility, thereby
promoting dry matter intake. In parallel, plant extracts, owing to their antimicrobial, antioxidant, and biologically active
properties, have emerged as promising feed additives. Among these, thyme (Thymus vulgaris L.) extract has
demonstrated antimicrobial activity under in vitro conditions, evidenced by reduced methane production and altered
rumen fermentation characteristics. Garlic (Allium sativum L.) extract exhibits prebiotic-like effects and possesses
antioxidant, antimicrobial, anti-methanogenic, and anti-protozoal properties. Eucalyptus (Eucalyptus globulus Labill.)
extract contains a mixture of volatile essential oils such as 1, 8-cineole, limonene, and a-terpineol, along with non-
volatile phenolic compounds, which may modulate rumen fermentation and inhibit methanogenesis. Given the potential
benefits of both buffers and plant extracts, this study aimed to evaluate the effects of supplementing the diet with 2%
sodium bicarbonate and plant extracts (thyme, garlic, and eucalyptus) on gas production parameters, ruminal
degradability, and the apparent digestibility of nutrients.

Materials and Methods: This study was conducted to evaluate the effects of 2% sodium bicarbonate supplementation,
combined with various plant extracts, on in vitro gas production kinetics and the in sacco ruminal degradability of dry
matter (DM), crude protein (CP), and neutral detergent fiber (NDF). Additionally, the apparent nutrient digestibility of
the experimental diets was assessed. The treatments were structured as follows: 1) 2% sodium bicarbonate (control); 2)
Control + thyme extract (400 mg/kg DM of the diet); 3) Control + garlic extract (300 mg/kg DM); 4) Control +
eucalyptus extract (150 mg/kg DM). A fattening diet was formulated using the Small Ruminant Nutrition System
(SRNS) software and provided as a Total Mixed Ration (TMR) with a forage-to-concentrate ratio of 30:70 (DM basis).
Three 2-year-old Zel ewes (average body weight: 43+2 kg) were utilized to evaluate ruminal degradability parameters
following the approved animal welfare protocols. The animals were housed individually in semi-open, roofed metabolic
cages with free access to water. Following an adaptation period, the ewes were fed the experimental diets twice daily at
08:00 and 20:00 h. Rumen fluid was collected from the ruminally cannulated Zel ewes prior to the morning feeding to
determine gas production parameters. Apparent nutrient digestibility was determined using the acid-insoluble ash (AlA)
method as an internal marker. Twenty male Zel sheep (6—7 months old; 38+2 kg body weight) were assigned to four
dietary treatments (five lambs per treatment) and fed the experimental diets for 42 days. Data were analyzed using the
GLM procedure of SAS software, and means were compared using Duncan’s multiple range test at a significance level
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of P<0.05.

Results and Discussion: The results indicated that gas production potential (P = 0.0003) and gas production at 96 h (P
= 0.0002) were significantly higher in the treatment containing eucalyptus extract compared to the other experimental
treatments. Gas production at 24 and 48 h was significantly increased by eucalyptus extract supplementation compared
to the other treatments (P < 0.05). Organic matter digestibility (P = 0.0352), metabolizable energy (P = 0.0371), and the
concentration of short-chain fatty acids (P = 0.0482) were significantly higher in the eucalyptus extract and control
groups compared to the thyme extract treatment. The rapidly degradable fraction of DM was significantly increased in
the eucalyptus extract treatment compared to the thyme and garlic extract treatments (P = 0.0137). The slowly
degradable fraction and effective degradability of DM at outflow rates of 0.02, 0.05, and 0.08 tended to be higher in the
garlic extract group relative to the control (P = 0.0828). The degradation rate constant of DM was significantly higher in
the eucalyptus extract treatment compared to the other experimental groups (P = 0.0218). None of the ruminal
degradability parameters for CP were significantly affected by the experimental treatments (P > 0.05). The rapidly
degradable fraction of NDF was significantly reduced in all plant extract treatments compared to the control group (P =
0.0009), while no significant differences were observed among treatments for the other ruminal degradability
parameters of NDF (P > 0.05). Dietary supplementation with plant extracts significantly enhanced dry matter (P =
0.0155) and organic matter (P = 0.0041) digestibility compared to the control diet. The effect of treatments on crude
protein digestibility showed a trend toward significance (P = 0.0874). Neutral detergent fiber digestibility was
significantly higher in the thyme extract treatment compared to the other treatments (P = 0.0200). Finally, crude fat
digestibility was significantly increased in all plant extract treatments compared to the control group (P = 0.0406).

Conclusion: Supplementation with plant extracts distinctly modulated ruminal fermentation and nutrient digestibility
in Zel sheep. Eucalyptus extract exhibited the most pronounced positive effects on nutrient digestibility, the rapidly
degradable fraction of dry matter, and gas production parameters, whereas thyme and garlic extracts suppressed
fermentation due to their strong antimicrobial activity. Despite these differences, all plant extract treatments enhanced
apparent nutrient digestibility relative to the control. Overall, eucalyptus extract with sodium bicarbonate proved most
effective in enhancing ruminal fermentation efficiency and maintaining pH stability in concentrate-based diets.
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Ol (015 pole sleid gy 4 i

Homepage: http://ijasr.um.ac.ir

/\—(/:j?}/,laﬁ)

V-VY 0P AF0 Hle o) oyled DA W=

M;w%ujj\f .\5.“35 ‘QSJ'.’.':\?,.‘\?.J'"P“ LSLQA’.""‘“‘JAJ%;;“L;S/ G‘JMJLA.F}}Q Q‘;‘

J

.

J

\‘SJ% C)LA)‘J L“Srvd.Ll d)}«.; 4.“-&&‘ ‘%‘db d«i’t\? 4.“-)% s‘db\.ﬁ ‘-g;‘jﬂéj M.blé

VECF/OF/Y 8L 55 b

\Fo¥/ oA/ Y gJ:’J.'..L.’- @)U

LRV

Allium sativum) ,u (Thymus vulgaris L.) ;uigl) alS slao,las 5 a0y 93 SluyS o et 9958] (owyp Ban b Limg ol
By 5 lasibnsS )3 maan Cubld g 55 155 (glawSls s pdiay o5 slaasuwl )y (Eucalyptus globulus Labill.) s i1 4 (L.
o)luas ogMeds doy 93 SluyS o e =Y £(oylae (o) Loy 93 Sy o e =Y 1ol aislol (sl e s plogl aolas MlS g5k
g (o S8 03lo p S )3 55 Juo T+ o ol sgdloty 3y 93 SlisS (o kes (F foe S8 e0lo oSS 3 2.5 oo ¥ ) g
g ALl 5, L a5 bl g (o S5 o3le p SIS 53 5 e 10+) osiadlST ol 05y 1oy 93 LS o s —F
Sl yd J9l:>ml_: ),_“Sb u_l5|) ).i»L,..u P9y 5! qoaih CullB Cpass dl)-.’ W (:b.z.}l 6:9].:1) s ur9) L Lg)J.bd.;):m Lglmm\)é Oy
iolofl Lyloss s 40 Canms woieS] o3lae (sl slos 53 ol 5 5 (W S 5 55 a5 Juiliy oS ol (Lt ol 03,5 e3lil
5 osilST o )las (gob lass 1 5z obsS JL3 yn (el ke g pudsslio LB (651 (T 03le meid CullB gy YL gyl e ysbodt
4 Cod wgid ST o)l (gols o j3 i odle 43505 @ g (50 Dy (65 dme yobods pingl o)las (gol> e 4 o Sl
LS oylas gols slajlos olad ufl odlo 5 Sid o3lo puan culild il yili8l gld bxe jebods puw g um;;l oylas (gol> sbojlog
Fipe S Clsisas Sl Sl o i oMot agiadlS] ol ealital (S ooty 2l G (sl i s5ba 10l & Cd
25 8 oslital 3,50 I (59000 SIS 5 4aSd 035 aT8 dget S

oo 0 jlas (gl o)las ugidlS] o)las (ly S o e (GlAeSd eSS 1 g0IS W05lg

.(Ramos et al., 2021) 355 o Syg5 B yan (yiolj-8l 4 e
cdld il 8l el el See @l )S o pdw (3958
oialS o ol T g 15 098 Stdglsbo sy Sen
ol 04 00l Lis idoty 43 a5 jeb lod s PH 0
ol g ales PH ialidl cage SloyS o modes ,8 5l oslazl
3529 Slblllas (Mao et al.,, 2017) 0 )3 oy slaswl Wgs
L oa S malas (sla 5438l cuS 5 aSlosly Lot 4 S a5l
oMoy olas b ojlas oMoy yoseo Mie) Cilies (lacsjelsis
Linville, ) xayy okoa plaS s 5l g gl cul Sas (580
o als 5l eolasl 4 (g uin 4oy sl gl Jle > (2017
2 Ay S e oSsn ]l b Sl Glsied
L.DOT 3 Slee J.ulyu.o oLlS pl 1y ol odd Cla aply 435

EVRT
3Lsj slaie ool oy Ly 0aiiS lgseits clmpls 4yiss
Lo 8l o9-b oo (Sdgilie slags)lomial 4 porie Gl o pilus
sobatods YU (51,0 dlge (g5lo (sloopr )3 (slodpins j5boay
4eSi PH (ylanl 35k 5 anel Sl SISl S i
L La,dl jl eslawl . (Plaizier et al., 2018) x4 0 odlaiul
2 5 AL vdn 35ty e go Sligugy 4 Sliwl o Liulj8l

b e 9 (65,5l pole oSy (LS 5 pld 0uSIS ¢ ol pole 09,5 )
ol sl syl
(Email: ychashnidel@sanru.ac.ir e ki g —3#)
https://doi.org/10.22067/ijasr.2025.94142.1252


http://ijasr.um.ac.ir/
mailto:ychashnidel@sanru.ac.ir

140 L Y ojlods IA ol oyl ol ool pole Gloirgy a s ¥

2 Joborals L g pls 59, oSt o0lo (gleSis (g pdhdy o5
gid b J5 3035 gl i 2N SACCO (e (23 odingd
ol jlodaul Lyin Vitro ig,ds 5LS s sladoriwl b g (glawesis
Slajlos Syl ol eped aldspo g 00y $5 (sla yino deSid
PN VIVO hgpas Slyg 3 (ciia dgo (6,0l pan bl ilo)l
laoylac 5 (3l Caliseo pglaws ¢ Jgl > yo y3 g 5315 5 (glakiawgS
O3S iy )3 Laled (it 9 00d (e 9 plalell (2L
clejlos )5 ), 8 oolil 550 ialojl pgs s yo 13 g 4 )S
+ 2L -V (1ald) do )y 93 OluyS o matw =V Jold isle)]
.l ‘(o)_,..? Sis ols P;?‘LZS 5 (’)fJ*‘ \“..) W?T 0,lac
g (op S o3lo p,55kS 13 )5 o Yo o) yuw o lac + Lalis
S o3le pyS5LS" 43 )5 Juo VO LwginJlS] o)lae + sals —F
‘u‘)—") (oD ).«.mfl uf).w )I uL.s)fU_: o2 J.oSw RUVATY) (o).»b
A)lype dsyie &858 1 lejl 3)90 (BLS (slaosliac g (25
Sty SIS g et 22355 485 () 9y ol olysan)
g 3 Ll islojl o pun dr Blass  Jbiww S <S5, s ydg
yman 0,0luwiS 4 CdleSs 5 ol jebay LS (slaolac
s slooy oy 3,5 bgbe 5 syl ilojl slaphs il
O )ygods oalaiwl D)90 US‘)? PMS‘ 9 KW WAJG.'J SRNS )I)B‘rB)J ‘.:
VerXe Cosidy 0,5l 5 ddsle gols (TMR) bbo MolS o,
Sl 5 e s g g ol ol o3y (ke (V) Jodo
(AOAC, 2005; Van Soest »,lutusl sla jig; 5l oy (olowis

23,5 salawwl et al., 1991)

lasasdi g pigas ol gladaial
g iy J5 0155 Lhae ol dow slass o ialojl opl 5
sobaiodny Jlw 93 (g 25 ol TYEY (5 (Slee b (slanesls
2 ldag g e (20 3 Gpliapd ol e
PSS Sxe oS g Ol T o yians b S golie (sl yudd
ialejl (slmoye b o e s pdycole )90 (b 1 Ly 3
Sladigel 23)5 15 (pas Vo g o A) o) 3 5k 93 (V Jgi2)
So S d“)b uL_w] l_’ O S )‘ o wto)] LSLQ"’)""
claanS 30 a5g0 p)5 s Hlade g Kb Ol (g yte o
oo 3l (sl V0 X Ve olal g yiag S YA J8Lie jlaf) Sobl
AF T o Gieds bduS A &5y, (Louae yuwl by SUI
L sacs ool 5,8 gl 3 Lol s codd plos] g gannds
20,8 dwloee (g pdodiod cladoiwlyd ) adslee I oolaiwl

olelS o590 LS 5. (Chen et al., 2021) wiisy s 1)
Gl o9 g )l laml by Gl L sl e (g
Taoetal., ) uus oS pb 0dy 5 (59 Ll 4 ((gdse dlgo
(9 Seedmd Camols dy dag Ly (LS (slao)las (2019
2y eie Joo0 JUb (Sofsdon sla Sy 5 (s ol
Benchaar et al., ) 15,9l 5929 4 (Slyg 3 (sla 33953] aine
Ogeliaely 5l csilon dy yomie ailys 0 LS 5 ol (2007
cbale JuliEl g clil lie ((Sligel (g (Rl 5 ael il
Thymus ) oy-cugl o)l g aeSid > Slydgs 9 Slgwgym
4597 dyg 0 T3 a8 ol LS ojlac dlox ;I (vulgaris L.
cJld o (Ribeiro et al, 2019) a5 I, 3 1,5 g}
g ol 55 g il b alilefl lpd > o] (o Shess
Talebi ) col o [5));5 4 pross glaasinl by ol @l il
S Glgisdn j-s (Allium sativum L) e o)las (et al., 2019
(S ol claclad s g 03, S | ae S Sgugp
Sasi et al., ) cowl 219959 pimd 5 2ljobedss ¢ og)Sueis
5y D9 By ao 45 WUiledly i soaste Glalllas (2021
a3l alwsS shigs gy p e @l wlyy o o clizie
Eucalyptus) wsul1 o )lae e .(Chen et al., 2021) wsl
VA Jols 5,3 slowl I glasgoome (g9l (globulus Labill.
oS Syl 8pe (Jpid LS 5 g ot 0 g Pged (Jotinw
N9 Bl oo Caz b 44aS 4055 s o sl (San
Tolw (33,5 Jl o b sl ings, , ((Kumar et al., 2022)

gl slmoylas (g9 o pud] Slalllas ;> srdosliul caliswe
»— {Khorrami et al., 2015; EI-Naggar et al., 2017)

(Hassan & Abdel-Raheem, 2013; Hodjatpanah-
(Noorian Soroor &  we:JLs1 4 (Montazeri et al., 2014

s Roozbehan, 2014; Akbarian-Tefaghi et al., 2018)
S el Wojlas zobaw oyt olelejl st Pl b rieen
sl o AL laojlas g bl cute 5T 4 g L
o 53 (o gt ol pladl ) Bue (laeSi jre3S
slaasiwlyd 1o 0 Bl laojlac g dsy o0 S o
Shhg sdae dlge win bl 5 I Wy ((laeSs pdpa oo

.J}g

g, 9 2190
o> pole 0aSlisly oliulojl g (idgs dsyie yd Lidgd o
oilejl cpl ol ploml ()l (anb lie g (55y5liS pole oKD

o Sl () e Jgl ad>po 35 )2l atds jo 93 ©jg0a
L;ch\:gd_m])é — L;QL.S L;Lm)‘_.a:— L_: ol)_.a.m Sy 90 uL.u)fd



Qg g (el laaziul iy (BLS glao las 5 3 Ol en g Al lgs)

W plodl el () dopd of+A g o [oD o] 4Y (Orskov & McDonald, 1979)
= — e ] 4
ED = a+ {(b X c)/(c+k)} Mk, P=atb(—e™™ () G5
D50 A S ) e (6 piud i doiwl b ED (ol j> o Oisu A d oy 10 (shie odle (g phia o5 oy Pl o &S
T €l € o) dnjod WS o D s d) 43S @ g € gy e € duo ) i WS sy D (doyd) 4355 @y
i (028 )i & i K g 4y jo 203 Al it (Selo) GapbeSSl Gloj i g 4 5o 5 <l

28 o9 £ LY adlee (olwly adiged S50 (s pdyas o5

(a.\&ulﬁ .x>|5 L 0> Sid ool Loy ;,,woﬂ) UwLe)T L;Ltbo).,? u.:LAm’; «_;L.:.f); 9 u_fl”& 3]5‘; -9 Js.\é
Table 1- Ingredients and chemical compounds of experimental diets (% DM or as stated)

0y (losd SluS 5 g elil Vs Yol Yol ¥l
Diet Ingredients and chemical composition Treatment 1 Treatment 2 Treatment 3 Treatment 4
@50 Pl 20 20 20 20
Corn silage

pu5 o 10 10 10 10
Wheat straw

cp b 15 15 15 15
Corn grain

gab 25 25 25 25
Barley grain

by Ao 16.2 16.2 16.2 16.2
Soybean meal

PS5 g 10 10 10 10
Wheat bran

yone Ko 0.3 0.3 0.3 0.3
Common salt

> i 05 0.5 0.5 05
Animal primex

Sl s 1 1 1 1
Calcium carbonat

Sl is e 2 2 2 2
Sodium bicarbonate

(o0 Sz o3ke p,S5LS 3 )5 e) gl ol ] 400 - :
Thyme extract (mg/kg DM of diet)

(o3 Sid 03lo p)56kS" )3 £ 5 i)y 0)lae _ _ 300 _
Garlic extract (mg/kg DM of diet)

(o3 S o3be o S4LS 53 p5 Lus) (ogiedS) ol . . . 150
Eucalyptus extrac (mg/kg DM of diet)

(h03) (25 oz 12 Jplonali SUJI 36.18 36.18 36.18 36.18
Neutral detergent fiber (NDF, %)

(103) sl 0295 13 Jglonals S 22.25 22.25 22.25 22.25
Acid detergent fiber (ADF, %)

(o3) > (ol 14.02 14.02 14.02 14.02
Crude protein (%)

(i osle p 55k 53 6 JS) omndlyin (55,3 2.45 2.45 2.45 2.45

Metabolizable energy (Mcal/kg DM of diet)

98] oylas + 1als —F ¢ j 0)las +aals —F (pdugl o )las + anld —(V (18l5) Lo ys 5 i) o made =) dolefl slajlas ®
* Experimental treatments: 1- 2% sodium bicarbonate (control); 2- control + Thyme extract; 3- control + Garlic extract; 4- control +
Eucalyptus extract.
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Table 2- Effect of buffer and plant extracts on feed nutrient degradability

" talojl sl jlass

, : >kl (sllas gl
Kid oole (g iy o Experimental treatments! oL N
Degradability of DM Ve Y lag ¥ les f log ‘g‘;M S’ "T”
Treatment 1 Treatment 2 Treatment 3 Treatment 4 -value
(o) 520 e A5 11.01% 10.24° 10.35 11.80° 0.326 0.0137
Fast degradation fraction (%)
(hoy3) 2520 55 i _ 67.46 70.25% 71.38° 68.22% 1.104 0.0828
Potentially degradable fraction (%)
(3oy3) 4155 JIS ol s 78.47 80.49 81.73 80.02 1.067 0.2302
Slow degradation fraction (%)
(302) 0325 JBd i 2152 19.50 1826 19.97 1.067 0.2302
Non-degradable fraction (%)
(Sl 12 20,2) 4125 €5 b 2.38b 2.35 227" 2.82° 0.119 0.0218
Degradaition rate constant (%)
(cobo 3 80)d) joue 5 )0 e Gndyajes
Effective degradaition of pass rate (%/h)
0.02 66.89° 69.65% 70.74° 67.73%® 1.075 0.0830
0.05 66.07° 68.78% 69.80° 67.02% 1.033 0.0831
0.08 65.26° 67.93%® 68.89% 66.32% 0.993 0.0829
Pl g n Gndia s
Degradability of CP
(202) 4025 g 5 1128 1055 11.03 11.65 0311 0.1301
Fast degradation fraction (%)
(h02) 4025 45 i _ 72.13 73.14 73.38 72.70 0.476 0.3002
Potentially degradable fraction (%)
(n22) oo SIS o5l i 83.41 83.69 84.42 84.35 0.426 0.2950
Slow degradation fraction (%)
(303) 0528 Jod i 16.58 16.30 1557 15.64 0.426 0.2950
Non-degradable fraction (%)
(Sobs 2 03] 028 €5 334 353 331 339 0.083 03022
Degradaition rate constant (%)
(cebo 3 30)d) youe 5 )0 e Gniyajos
Effective degradaition of pass rate (%/h)
0.02 71.70 72.72 72.94 72.27 0.470 0.2896
0.05 71.06 72.11 72.29 71.64 0.460 0.2742
0.08 70.44 7151 71.65 71.02 0.452 0.2593
S okgd 5> Jslomal BUII gy 300
Degradability of NDF
(222) 4025 g 5 6.77" 5.43° 5.54° 5.60° 0.206 0.0009
Fast degradation fraction (%)
(h02) 425 45 i . 48.75 51.09 4953 49.23 1.049 0.4478
Potentially degradable fraction (%)
(23] 029 LB o5l i 55.52 56.53 55.07 54.84 1131 0.7301
Slow degradation fraction (%)
(boy3) 42525 Sy i 44.47 42.46 44.92 45.15 1131 0.7301
Non-degradable fraction (%)
(Sl 2 20y3) 025 €5 2.36 2.48 255 2.73 0.130 0.2873
Degradaition rate constant (%)
(cels > 1op) yoe 25 53 Fhe Gphiajos
Effective degradaition of pass rate (%/h)
0.02 48.33 50.68 49.13 48.87 1.022 0.4321
0.05 47.72 50.07 48.56 48.34 0.983 0.4076
0.08 47.13 49.47 47.99 47.82 0.946 0.3823

corgiadST o)lae + 48ls =¥ (o o)lac + 48l =Y (piugl o jlastanls =¥ (1ls) 1oy 93 SloyS o patw =) 1 adulejl (slaleg
(P<0.05) ol Jls gime gls ,5Ly ciyd) o yd Cigliio gy
T Experimental treatments: 1- 2% sodium bicarbonate (control); 2- Control + Thyme extract; 3- control + Garlic extract; 4- control + Eeucalyptus extract.
Means within same row with different superscripts differ (P<0.05).



V6D 5l ) ol A Al ol ool pole cledidols a1 ol A

(IS yobay by ials o y5luiS duopd B g ddgle o pd Fr gl
B 9 0> £9 4w (B9 Snha S p (2 sl
ol oyl J(Khorrami et al., 2015) s )by St L ytungw g5 4
P 09 psdglio o (LS ol (51 pae 4 cul
L S (o) (g lulyd 3 (polhe cut) rasily
O D90 AaSih (29,500 Cumed ) el s yal ol &S
Lo St by bpslul JLd CluS 5 ) (S cosl (Ses

.(Busquet et al., 2005) 5445 & 55 40

S aal g8 sladaiul 8

Sty o ctolofl slaloss 31 (V) 9> mls & g b
(P lo8) 3l ime celw 88 3 g0y JLS 5 55 Wy
ol a8 5 sl o)las (gslo o 4 bgye i oty
Celio V¥ ) cuds LS g oyl o)lae (gl o 4y bgaye
oylas ol (sloylos ) (P=+/++5+) celus YA 4 (P=-/-FAY)
siloan gl o)liae (solo jlass dy s 2ald g gl
55 (P=+1+¥0Y) (Tl oslo it bl gy ()15 Sne
oS )y yn clbl il g (P=+/-TV)) pudplie L
bS8 —ilesl la s 5L cosg (P=+/FAY) yoo;
5 wosillS] ojlas (g5l Jlagi ) baomiwl ) ol jlade &g )jsbay
Do oYl aals

Od9381 a8” waly olis (Sallam et al., 2009) 4, Ken 5 oIl
s A g Caomdy |y (glaeSd ez Sl o ogialST bl
oSy ol S ol e A Jials g 58 G sl
=0 g Jokaw— VA wiile a1 Lol wleS 5 a8 wn S leis
0= 2 90k |y Bojglie jl (B bl O)ppods Wil i
e Sl ol s bods ) Sadglsle s S a8y Jbs
2255 068 518 oy gladeul 5 5 W5 il el canl (S
oizgl g g 0)luas 29581 (i )3 3l (estST leg 5
P o gt clile y pan colB GE Ay Jlals 4 o
4S5 3 SlySen iy lagt)lS b 4Bl cpl oAb o oligS
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Nel et ) o)ySen 5 b cudls cilas jols o0 gl b a8 ol
Sl 3T b cuS 5 55 bl 5 oslizl Sl wyyp o (al., 2020
2Bl altalesl Ll 53 oo S Sl pslatody Sty
9 hols ey lie LS ialS’ 1 (e Sl Guilil (139381 &S
o958l 4 a0, 5158 55 (Pawar et al., 2014) )L
bolyd 53 0luis g paiS olS by b 4 s g po il
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Conl 0 )35 b asly are Bl Il osle guan cubls p oSSl
5wl 3925 Jses s il 2l 5505 ol & 31l o5
A (9953 &5 03 ()15 oty 5 ol by didlges Sl
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Table 3- Effect of buffer and plant extracts on gas production parameters

A} - N o
crislel] loyles skl glas Sl
| Experimental treatments! L. |
- - - - &b
P rs:nyt r ! Sl Yol e " LéMI?M P-)\/;:;
arameters Treatment 1 Treatment 2 Treatment 3 Treatment 4

(oke) 35 '\“J” Sty . 35.20° 31.07¢ 33.68 39.212 0.918 0.0003
Gas production potential (ml)
(el )ng) JLENP RS 0.063 0.056 0.57 0.50 0.004 0.2856
Gas production rate (ml/h)
(ko) sl Y_\c » sy 5 26.402 23.10° 25.00% 27.202 0.495 0.0482
Gas produced in 24 hours (ml)
(ko) sl \C_A » sy 5 33.302 28.00° 31.00%® 33.902 0.544 0.0060
Gas produced in 48 hours (ml)
(ko) el ‘\_; » sy 5 35.60° 31.50¢ 33.80% 38.702 0.882 0.0002
Gas produced in 96 hours (ml)
(122) S odle it ol 4515 42.22° 44.30% 46.16° 0.876 0.0352
Organic matter digestibility (%)
(5T Jy3l5a) e S o555 6.56° 6.11° 6.42% 6.70° 0.133 0.0371
Metabolizable energy (MJ/kg)
(Jpee) 525 U8 )12 o2 sl 0.58 0.50° 0.55% 0.592 0.002 0.0482

Short chain VFAs (mmol)

corgadST o)lae + 48ls =¥ (o o)lac + a8l =V (Cpiugl ojlas + mls =Y (18ld) Loyd 5 Gl o wate =Y 2 isle] (gl e
(P<0.05) coul Jls sime caglis [Sly ciudy yo 1> oglisie gy
L Experimental treatments: 1- 2% sodium bicarbonate (control); 2- control + Thyme extract; 3- control + Garlic extract; 4- control +

Eucalyptus extract.
Means within same row with different superscripts differ (P<0.05).
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(Patra & Yu, 2015; Naseri et al., 2022) sl  yil; 8l
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bS04y ()90 (slaguilil (39381 b (g 5 (2022
odnlidio (sdmol 0gid ;0 Joloeell BN it <ulild o (g)l> Gixe
Dorantes-Iturbide et al., ) -l)LSan g 3 yguh puilyed .25 S
0y 4y (§y9p—d sla il (3958l a S 4l s (2022
5P 59y o Jl odle «Sid o3lo main il ¢ BuiS lg5uis
ol Lol ol al3 1 1) ol g (5 odigd 5o Jgboeel iUl
oo @l L (38190 g aliio bl (g B (22 i
el o il (Yang et al., 2007) ) Kes ¢ SO ol
I3 o lal b oy 035 JoSlo b St o3le (claeSis

53,5 G55 e

o oo 5 gy i Cubl p tolofl slales 10
Hlos ) lade oy yide &S gysbay (P=+/+AVY) cuily (g)l> gne
Cabild jlage .0 odalie dald ) Jlads oy S g yw ojlas (g9l
slayles il coo 7 55 oaugd ,d Jglorel GBI pan
L odugl oyliac sols jlas (P=+/+Y+) cé )5 5 islej]
Sl golaid] s a1y Jlde oy i 3o )d B+ /YD puin ol
c(P='/'\c';) S )lbu_ku o Pl_.> > p—ad Colsl8 » )Lo.u
d‘)b KTy 9 (3 pia dl)b prew o,Liac d9l> sl 456)9]"4-3
SLag)lS Copmer o (e Ol (5900 ol (S

Dorantes-Iturbide et ) as,ls S adg b (ola oS g 4l
5 St odlo et culild 158l & e Wle5 e 48" (al., 2022
b LS 5 abawlgas gl Ngd 15 odngd j Joloel AL
 Lagjglie s Soadshal sl Sl | (B0 2y S5 558
s Sy b sl ySL g |y 9y ol g 035 e
Khorrami et al., ) sisu 590 1) yud poded dond )d dad
o5 53 otge G s )3 Sg90 Jlsb (53,555 @l 5 (2015
sl Sl 43 wilgi oo SLS 5 ol W15 4SS (295w Aol
Al e dn gl g ey lalpdl ) Sedged 9 Stdgg

Shygd (gdne dlgo (ool puan collb 5 2LS slaojlas o 30 S-£ JQ.\:-
Table 4- Effect of buffer and plant extracts on apparent nutrient digestibility of feed

\L;":J..L”}" sblos gl
(30y3) Co Experimental treatments! 5SSk 3kl glas L
Parameter (%) Ve Y e ¥ s ¥ s SEM ;5) JTM
Treatment 1 Treatment 2 Treatment 3 Treatment 4 -value
S odle 63.38° 67.182 68.00? 68.75? 1.044 0.0155
Dry matter
uﬂ ool b
. 66.77 69.972 71.38?2 69.98?2 0.708 0.0041
Organic matter
e i 69.39 72.82 73.70 72.87 0.574 0.0874
Crude protein
i o 3 Jobousls S 46.76b 50,25 45.825 46,055 0.938 0.0200
Neutral detergent fiber
] ol a . -
il 0293 13 Jolonali S 36.48 39.18 38.44 38.54 0.876 0.2070
Acid detergent fiber
P 80.59P 85.86° 83.522 82.67° 1.431 0.0406

Ether extract

cooiad1 ojlas + AmlE —F € 0)lac + aals —Y (gl oylas + dals =Y (uali) 1oy 93 SluyS o it =) 1 adnlojl (glayle
(P<0.05) sl s mo gl , ks cindy yo y> oglisie gy
! Experimental treatments: 1- 2% sodium bicarbonate (control); 2- control + Thyme extract; 3- control + Ggarlic extract; 4- control +

Eucalyptus extract.
Means within same row with different superscripts differ (P<0.05).
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