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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.

Keywords: Eucalyptus extract, Garlic extract, Ruminal fermentation, Sodium bicarbonate, Thyme extract
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Table 1- Ingredients and chemical compounds of experimental diets (% DM or as stated)
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Diet Ingredients and chemical composition Treatment 1 Treatment 2 Treatment 3 Treatment 4
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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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Sy53 (Shhe ol 3o asda Culils

Sl eSlya s gdsedlgo oyl pin clblB £,505l0) caps
S ol (AIA) sl 55 Joborols 2uS 1y Sl o,
winlasl ol plssl jglaieas (Van Keulen & Young, 1977)
L (=55 &im Jobd o sleg) 315 5 dtdusS (ol Ve 2las
L 5oy ¥Y Caedy oo coan I jid o o YAEY (50 (nSlo
Lghzo.\ilnuﬁlg 5 £9d40 5l EpSdiged NAd aa u.wLo)T ooy
SLb 5o @i 2 oles yo (talejl slaply 4 bgyjo SThss
o3le e g daol 53 Jolomols S cpeani jolatods ool
a8l gy bl pL3 (i 5 P iy o odlo «SUis
oxiys 5 Jskmols BLJI 5 (AOAC, 2005) oblisasss 4y jos
§ Comwgusy A Sl 0dgd > Jlomels BLJI g 13
O jl ey 095 plsdl (Van Soest et al., 1991) S
b Codild cgadie 5 Slhsd sladiged duwl > Jobrol piusSE
WA duwloee ¥ dlales I odlitwl b o pd sy (ko Do (5 ,0lls

. : AlA feed N fecal

D =100 - {LUU . { AlA fecal N feed )} (V) 4holse
sobel gk

N5l 5 GLM g, 5l ool L Ltsloj] 51 Lol claosls
3535 50T (A asles) 455 eolol Jo b A/ a5ud SAS 2 L]
Y= u+ T, +ey (A) dolee

T cdnels 1S5l i odnliio ya lade Yij ¢l ,d &S
2z 905 b bapSile duslio i odoloj] (sllas i 5 balos
b ploal o0 0 gyl xe pdaw jd (SOl (glasels

$ide 9 9o (5 e 523

Seid odle 45 @y GiSu (V) Jodo s 4 asgi b
oyt (P=o/WWY) 8,8 )8 iolejl oo b cow
Made oy yieS o weindlS] ojlas (gol> jlaws ;5 domiwl B oyl Hlade
L;—"‘“i“")] ‘_th)Lw )Jl S ol lie W?i D)La.c d9l> )Lou..: P UT
csly gyl xe an led 5 s odlo 4 i ST sy
Lol oy 6yl ime gl 355 25 ol Dy Hlade (o yieS
O by osidST ojlac (gols jlas (P=+/+VYA) ol ol
ﬁ)l..ia Do )I..\._.a.a u-‘)—“’g Lgl)l.! e D)L.aa.c 69L.'> )L_o» 9
PN g [d e[ jeue Fa 0 S oole Phe (g plid g
cosly d)b o A J_»L;.s d)LAT ).L-u )'1 L;t.»)lﬁ)T Lgl.za)la,;' O
(P=+1+A)

318 aul 53 slaaaiond 5

Menke & ) Sl g oo hgy L gallas gadgi 518
23Shyes 5l 8 4 mlbe b (6503l (Steingass, 1988
04y SD (S i (Y giuad sy 50150 ela ine jl o
ool cladiges S odlo 5l p)5 +/Y Hlade 3,5 (¢yglaen
ele Ly asso) (oyaudbo Ve oSSy 51> ) onsobul
ol slad b ol plo 53 (V 40 ) G b) ogtamn (3l g 4naSid
slayle; o ade 55 w00 00l )8 o5 ole 4 o YA
Laosl g osd cud sl A5 5 VY OFA X5 YF AF A F Y jio
a5 o3l Y dslee leslanwl b
P=b(1—e™) (¥) aoles

J2B il easadg S5 D G g cd b Pl o oS
oo el 1 sl ba) 5 g5 85 i 10 il doe) o5
J=B 5 e ol (65 30e 8 5 (Celiw) (ygrlisSS
Menke et al., ) b awbxo ¥ adsles 5 soliil Uy pusdsslie
(1979

ME (M]/kg DM) = 2.20 + 0.1357GP +

0.0057CP + 0.0002859EE> () dsbe

3L £S5 53 Jo3Se) i JIB (5551 ME (o] 5 o5
el V¥ gl ol dpuoal (s dg jLS poe :GP ((Sis
p3S) P nSgn 1OP (i oole )5 e Ve il yid o)
o3le pS o kS )3 p)5) plo (2 EE o (S osle pSlS”
B adsles ) osliwl b T ole metn culls ppimmon ol (St

((Menke et al., 1979) wé duloe
OMD = 14.88 + 0.889GF + 0.045CP +

0.0651Ash (0) dskes

Lo p,55kS 15 £,5) JI o3le i culls :OMD ()] y> &
el V¥ gl sl b ad (s jLS pos :GP (Sis
pr5) Pl Oeign CP (Sid odlo p)S (o Vo v sljlay yid o)
o3l p )5S )3 p)5) yawSE ASN 5 (Sid o3l p)SolS
§$ adslee 5| 5505 05gS Ly (sl )9l (6l el (S
A edlazel (Getachew et al., 1998)
SCFA (mmeoel/200 mgDM) =

0.0239GP — 0.0601 (%) dslee

LS‘}“‘-.’ J’oul.m) 205 ol.':',f ey il SCFA ‘OT 5 &S
sipnal (gdsi JLS woes 1GP o (Kis oole p)S e Voo
sl (S5 o0lo )5 o Voo el s bie) cesls V¥ (el
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Shgs sike dlge s 2 (2l gleolas 5 3L 1-Y Joaa
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
51 Al oo oojluae (ol )3 35290 el 9 (Jgtb DS 5
Jlews wigdn (Talebi et al., 2019) u sl sl (59,5000
s Casl 00 951,187 5 Jgasd s 3Vl (52000 L (gl
§ ;eSS AT 5D 5 09 b oS0 SlacgSee A8 e
L @lles (Castillejos et al., 2006) 4l 3505 1y 515 sdes
odd g I ke > alS o SKimgfy (B cpign ool @l

ol Jlass 4 bgye S o3le e (i (n e
Fels ofion rdips clhaxul b )l plSae uiomen A5
(P>e1+0) 33,55 55 (ialojl sl e il co g )lol s
Sdsine glds (B 0dgd 53 Jolorel SUI 4y jos o i
5O "j Mde oy iy a5 g ebds oP=</+++q) sy lis b jlos oy
5 Jsbul_: BLI gl Epiod i sladswld plo
2sl inlojl clayloss cpmr (65 ixe Coglds 5 od g
(P>-/-0)

oodlS] o)las (Sjedan ool L bl oo el
ol sl pilul jogasa) wendlST ojlas .asb azsly b))
0l didlid prosd ediiS padad S§ ey (Jotiow —VA Wil
e 1S @38 @y (50 g gl e o381 STl
25l A5l 29 Se 5T A b ol o slog So S 56
(Sallam et al., 2009) 28 o Jugs |) ypo50 adgl Loyl s a8
(el 25L) JLsb (53,555 SLiS 5 quio yists oo o)las
2SS |y e cdled WUles o 4 ST el oah ad Ll
Ol 5 g o o)las «wlillas (5 53 (Kekana et al., 2020)
Lo Son Su o0 5 illn slaea sl el 33l b 9,555
9 b LS 5 (gols gl (Linville, 2017) wlosis 3,135
Ol 9,5 slampl g g Ses b Al e o8 Cosl 5
9 38 bl Clhengr S (g 4 Jlail b ansl andh g le
.(Durmic et al., 2014) azad ialS |y o3l gl y
5995 gy ol Sl (B e 4 e col (Sae (
e ialS 1) 4o @ e (850 cnlple

C.) ol 5 Criagl (bl oymmiiga jlosliial 1 (imggy 5>
O M (eSS (s pdias o0 gladoniul,é y (cassia Presl
Cll 325 WS 15 g S e KBS 15 (g 3590
L 5 odigd ) Jolowol SUII S50 (g pdyarjod 9 429 5
s s 1y oyl amime gl Lol ecdly jimls Luiliol 3930
2 g pols idgh ol b 38lse a5 (Khorrami et al., 2015)
Benchaar ) a_s ()35 03, slagls > Sidolsls (slacs ySL
(Newbold et al., 2004) ,\LSen g 30 (et al., 2006
& (LS sbpulul byl ()b oS 5 & 635 ()18
I, (Glycine max L. Merr.) Lgw dllous’ s odle (g plods jo0s
o3 (s pinaps oyl Lol ol ialS iS4,
On—oren ASl (Brassica napus L) 1518 adlus” Sis
o> b 0dd S (lidsS 13 1) bigw AlouS (nign (s phiS



q

e 935 0ol (s iy i sbaziul g (BLS sleo las g 8L Ol STl Ken g b Sl

(Hojatpanah-Montazeri et al., 2014) s a0l oSSl el
Oliee ol38 (Ansari et al., 2012) 1, Ken ¢ (5 kail ¢ Jilis )
O3S e o3zl 1 )3 1) Lnges i ollB 5 555 5
» (Nooriyan & Rouzbehan, 2017) +Lassg, 9 oloyg 55,8
Slaw yialS Cow a1 bl 3g58] a8 wizdly > gy
oS s alRiylof] Lulys )3 e S5 ag Sl g algjsis
Pl ol 8 0y ials 5o (Kumar et al., 2022) ,\Sen 4
Hassan ) cay 5 g oy 233)S° (5155 osd ST gols (sl ylos
5 Suis odlo s cullild o ioli8l (& Abdel-Raheem, 2013
28 s Coud SLES e daoyd 93 (9l Hle 1y JT ool
WU et col ySon gliate guls IS jebas dly [il5S
55 «2laisl 2j9 il ke gl 0p> 5> gl wiile Jelge
Oz g 0dbd18)S)LS U (Bygn SuiSS ol Lie b il
B LSS 3 4SS mle Bl w2 g g ke )3 glis

205

odizgl o)las cilisee polas (99381 L ) (aBlofl Ll o
Xu') o) en 4 5 .(Talebzadeh et al., 2012) wlod)s™ 5,155
P S dee Voo sl oslatol 48" 058 olo img} o (et al, 2020
I3l aeSa PH g (palS' ) S8 g5 IS e (Jgew 2]
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
st b (ialS a2 g B jsba |y e S W)y pLL]
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
V5l o 39 5L Ol pialS oy il 5 e

I8 g slaeoriald (LS glaoojlas 5 )3l 5=V Josa
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).

e psieS 5 woiadlSlojlac (g9l jlod 4 bayye Siis 02l
G sme glis T odle muan culild gy dals Jlos 4 bgyye o
3 o)) ylaie it 4 gygbas (P=+/++¥V) iy byl oy

ke 3l o 5 Al puda Culils
AU cos St osle pan bl (f) Sy @l & 25 L
i CoiB oy iy (P=+/V00) cé)5 )5 isle] ol Lo
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Hodjatpanah-Montazeri et ) 1S (¢S s> Sligel 4 (uiis
Ay dlgs oo b gdaw > werddlST Jlé S5 (al., 2014
A yoxie 4SS S0 (o b bis 1) Sadglsle slas St
odlo it Cubld yiul38l a3 5 pB BU sl s iul3el
e (Noorian Soroor & Roozbehan, 2014) 3 o Suis
o (Slglyd pld 4355 5> aoylas | eslatwl 4" ol L cldllas
gt g S Ly ped 3iile jud oaiiSan o5 sl S
Mg 4aSSs glo )3 |y uileaadi g6 )1 g gl 35550,
(Patra & Yu, 2015; Naseri et al., 2022) sl  yil; 8l
Orzuna-Orzuna, et al., ) ol)LSen g Ugjy-Uigj sl ¢ Jocpll
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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o)las 31> (gise dlgs o Cll 5 6y 05T slaaodwl )
G G309 it Sl ]y e T 0y o)
(Jolie jd ccih LS ae sladou wlyd o Sid oolo 450
935 A5 olie o ine il Coge gyl (slaoylac
Coold ay Al o0 48T HAD (g e sladmi il Sy
bgrye S (slag Sl ade a5 ol Figsd (9Spesd
o (LS sloojlac (gol slojlos olod <ol 2929 L L,
o=l Bad (gdae dlae (ol puin ol dauy Cuw dald 4
oMoy yogislS] oylac 5 o3lisal &5 5 domits o oo ¢ ol
3l 8 gm0 sl e S lgisa Blg o Ol S o wates
» PH cblog (ials 5 2lis ()90 0 Gl Bl draSid ypo5s

39331 45 0l o5 (5,5 my | Sl s (s
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Introduction: One of the most important and costly infectious diseases in dairy herds is mastitis, which
annually imposes substantial economic losses to dairy farmers and the dairy industry. These losses include a
decrease in milk production along with an increase in discarded milk, treatment costs, a decrease in the
selling price of milk due to the high somatic cell count (SCC), culling of cows and a decrease in the market
value. Due to the high costs caused by mastitis, in recent years, resistance to this condition has been
considered as one of the major breeding objectives from economic and animal welfare aspects. Considering
the impact of mastitis and the increase in somatic cell count on the decrease in milk production and the
economic importance of this issue in the dairy industry, the present study aims to estimate reduction in milk
production associated with clinical mastitis in Holstein dairy cows in Isfahan, Iran.

Materials and Methods: The data used in this research included 233,499 records for daily milk production
belonging to 16,570 dairy cows collected from three herds in Isfahan Province, Iran from 2011 to 2014 to
estimate milk production loss associated with clinical mastitis. Data editing and preprocessing were
performed using FoxPro version 6.0. In this research, all analyses were performed using SAS software and
the PROC MIXED, PROC MEANS, and PROC UNIVARIATE. Then, based on the coefficient of
determination (R?), the model that described the data variation was selected better.

Results and Discussion: The results of this study were presented in different sections, including the
determination of the cut-off point and reduction of milk production due to clinical mastitis in two ways: field
data analysis and lactation curve modeling using the incomplete gamma function. The cut-off point was
estimated at 10,000 cells per milliliter of milk, which was in the range estimated in previous studies. Milk
production loss for 305 days caused by the occurrence of clinical mastitis by using field data analysis first,
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second and third-or-greater parity cows, respectively. These values correspond to 1.8%, 3.4%, and 2.5%

reductions in milk production. The results obtained from the incomplete gamma function output for
comparing two groups of healthy and diseased cows in the first parity showed that the average milk
production per month of lactation in diseased cows was 5.4%, equivalent to 54 kg less than healthy cows
(952.4 in compared to 1006.4 kg). Production loss due to clinical mastitis during different months of
lactation was estimated to be between 4.3% and 5.9%. The highest amount of production drop was estimated
at the peak of lactation, i.e. in the third month and equal to 70.8 kg. The results for the second calving cows
showed that each occurrence of clinical mastitis causes a 7.7% decrease in milk production, equivalent to 85
kg of the average month of lactation. The peak of the difference in milk production between the two groups
was related to the second to fifth months of lactation. Also, the results of the comparison of two groups of
healthy and diseased cows in the third and above calving periods showed that the average decrease in milk
production due to the occurrence of clinical mastitis was 10.9%, equivalent to 120 kg of the average lactation
month.

Conclusion: Based on the results of this study, the amount of milk production loss over a 305-day lactation
due to clinical mastitis was estimated to be between 195 and 406 kg using field data analysis and 539 to 1202
kg per lactation using the incomplete gamma function model. It was also found that with the increase in
parity, the decrease in milk production caused by clinical mastitis increases due to damage to the teat canal
during life and previous lactation periods. Despite the dependence of the field data analysis method on the
data structure, the incomplete gamma function is better described of the milk production curve and provides
a more accurate prediction of milk production decline. The findings of this study can be used to calculate the
economic loss caused by the decrease in milk production of cows affected by clinical mastitis and the
decision to keep or voluntary culling them.

Keywords: Health, Lactation Curve, Somatic Cell Count, Voluntary Culling
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Tablel- Mean age at record collection, daily milk yield, and somatic cell score by parity
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Parturiation Parity Variable Sample size Mean Standard deviation
(ole) 552,555 o0 1877586 30.18 463
Age at record collection (months)
First parity Daily milk yield (kg per day)
Soilaga sla ol Sl 1877586 2.44 188
Somatic cell score (log)
(ole) 5255 o 1363412 45.12 6.01
Age at record collection (months)
Second parity Daily milk yield (kg per day)
Seloge oyl i 1363412 3.08 1.97
Somatic cell score (log)
(sle) 553555 o
58.68 6.99
" Age at record collection (months) 876455
Py Ul < Dioy o e
; |
Third parity (s 2 £.55k5) &lig) 1ol 205 876455 41.60 11.23
Daily milk yield (kg per day)
Silaga sla ol o 876455 3.46 2,02
Somatic cell score (log)
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. Age at record collection (months)
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Fourth parity 090 7T ) T Y 525872 41.04 11.41
Daily milk yield (kg per day)
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Somatic cell score (log)
(ole) 5525 o 288920 84.88 8.41
- Age at record collection (months)
Fifth parity ()9)- 2 F;?LS) “‘)9) Pead "\2]5’ 288920 40.25 11.3
Daily milk yield (kg per day)
Soilaga slaglo e 288920 3.90 2,07

Somatic cell score (log)
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Table 2- Comparison of the least squares means of 305-day milk yield between healthy cows and cows with clinical mastitis in the
three herds studied
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Third or higher
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** Significant at the 1% level

9992 (i s Sl g Silogw (gla sl 2 oy (i
el il (il cog GBI L Sl lacsylon 4 Cumlus
2 i g i alS p see pols Budnd glaail b &S
Kheirabadi & Razmkabir, ) cwl bowlypa YL sla il

(2016

£09 ) il i aal 95 (ALS (g ludand 9 55l
08l (sLelS aali 3 culdinnl b Sulls (jlicay

M 5wl Glagls 53 o W9 Slsss oS adlllae (ol 3
A g5t a8 lelS ol 3 ookl L il i g
P9 Jgl) Licls cug g o5 2 S8 4 wljg) b A5 slaodly
Lol (o 5 pllo) 03,5 2 (sl 5 yglaan (Vb @ pgus
pols s ol lude b g 7l o) Jold (a0 (goia
b 3yl (m3yed gl 59, V00 )3 (535 b ggemee g (R
2 Mg (e oS it Baa b (el LB s
ool b (g5lwdnd A 5] ooy S Sy &y o 23 3 090 Jsobo
2 gl L a3 ploxl 09,8 o (sl 4l jb5lp sl iel )l 5l
Ol lacuy S8 4 i g pll lagls’ (e A5 )
9l ©jgods (s)len (U b M5 (iRl 98 (asde
Sl Mo g Wl lagls bawgs sy pud (re25 3lie (o
E5-59 45 3 Lt gjland gl b duloe (lj Cogs »
oS 53 5l ine il Ay odie (L (i pyg slen
Wiy g GRIBNL (el cpl ©ud 5 18 LE o la el s
e YU doy pos (ol Cogi b slagl ( Jilety A
(7 Jgaz) 93l (i slew 589 (2 50 ) g <8l Gliee

P A AV I a8l i Gt (i oL 268y yardes
(sln Jobo (s 505 53 GRaI3 51y o Sllay o sl > ol
—4 pgw 5 ped oJsl l) Cug Sagls alljg) b ke (Siloge
ek 31 LS JialS 0SS /EYE 5 - [OYA YR sy
099 3 $lie i) e 15 5 Siilogu sla Syl o (ite
O3S Ol g ol @D 5 Wl el Mg ke (3
DU glayais o K> dagjs o (Rearte et al., 2022) ui
0975 e )3 b 5 ko 5 55 38 TVY & o Ssloge
4 pow 9 P wSud slaglS j3 il s Ll il ials Lagls
.(Bonestroo et al., 2022) >4 Jol o5 slagls Iy YU
0ol YYAY 51 iy p3g (5 ko 3090 YOO gy 2 ol (osipas
VY el adgs hals (a0l b Ve VY Jlo o cplidda (650 o5
i d pow Sk g e o Jgl Sl 53 M5 halS g o S6lS
Mo Lials’ SaSTy g mje sdimd L op SekS VIO 9 V) YA
Adriaens et al., ) 350 oaba oo Cozen )3 (golow Sl )d puid
s )3 sdalanddy yed Mg il il b b o) (2021
Solon E589 3:5> ploj 4 (S Gl p)g (S)low 4 Ml 1 o
—o )8 leyd o Mo (slaglS el |y g o)l 0y 09 5o
g sl e gy il b a5 Wed o Bl (oolawi b g 1S
e pliizee 1 (29,5 358 )5l (o |y ol Glgoed o
Houben et ) 15,8 5505 p,5okS WA LYY 1) 1 g ialS
Gl ySan 45 33 S pilio ol s ls b oS (al., 1993
Sy jlde )3y g olew £989 355 (loj > B! ey
a4 S 0 L YV Jlw jd g gl Sl b



Vo0 slar) oyl A Al ol ool pole slestagy apii Y

P> £55 5 Gialicag (ololy 59, V00 b ggamo g (230 ool g gl ke g sl loj (aSl SLB b aad gl (slayially —F Jgaa
Table 3- Estimated parameters of the incomplete gamma function, peak milk yield time, peak milk yield, lactation persistency, and
total milk yield over 150 days based on parity and animal type
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Parturiation  Animal a b c yiedime  Peskcmilk Lactation Total itk yield
Parit ist k
Y group (day) yield (kg) persistency (kg) over 150 days (kg)
e 1318 0329 0.00415 793 40.0 7.29 5449.4
1 Healthy
ow 1301 0315 0.00398 79.1 376 7.27 5140.4
Diseased
o 1455 0375 0.00570 65.8 48.0 7.10 6444.9
2 Healthy
ow 1441 0357 0.00560 63.7 444 7.03 5970.2
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o 1421 0394 0.00624 63.1 49.0 7.07 6532.7
>3 Healthy
o 1341 0379 0.00615 61.6 43.7 7.02 5831.1
Diseased
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Table 4- Comparison of monthly and total lactation milk yield for healthy cows and cows affected by clinical mastitis across
different parities

il o5 P35 VL4 pow oS5
First parity Second parity Third parity or higher
3y olo (pSokS) s Mg 35ke (pS9kS) 1 Mg (55ke (pS9kS) 1 Mg (5ke
Month of Mean milk yield (kg) (/)adgi_yials Mean milk yield (kg) g tals Mean milk yield (kg) _ (/) sy ials
lactation L, clagls Ve by Decrease in - olo sboglS  Mie slagls  Decreasein (4) ol sl oo slasl8 Decrease in
Healthy — Cows with yield (%) Healthy — Cows with yield (%) Healthy (\:/\(/)ims yield (%)
COWS mastitis COWS mastitis COWS .
mastitis

1 794.8 756.3 4.8 970.2 915.2 5.7 990.0 896.8 9.4
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Figure 1- Comparison of milk production decline during the lactation period between two groups of cows, healthy and those affected
by clinical mastitis, in the first, second, and third or higher lactation periods based on the incomplete gamma function (Source:
research findings)
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Introduction: The utilization of natural feed additives to modulate rumen fermentation processes and
mitigate enteric methane emissions has garnered considerable attention as a sustainable nutritional strategy in
ruminant production systems. Plant-derived essential oils (EOs), with their complex bioactive profiles, offer
a promising alternative for shifting the rumen microbial ecosystem toward improved fermentation efficiency.
Hyssop (Hyssopus officinalis L.), a perennial herb belonging to the Lamiaceae family, is widely recognized
for its medicinal and aromatic properties. The essential oil extracted from this plant contains numerous
biologically active components, notably pinocamphone, B-pinene, and various sesquiterpenes, which
collectively exhibit potent antimicrobial, antifungal, and antioxidant activities. These multifaceted biological
properties suggest substantial potential for optimizing rumen fermentation dynamics and improving nutrient
utilization. The present study was therefore designed to systematically evaluate the effects of different
inclusion levels of whole Hyssop essential oil (HEO) on in vitro gas production kinetics, methane emission
patterns, key fermentation parameters, and microbial indices in ruminal fluid. The central hypothesis was
that, due to its antimicrobial properties, HEO could establish an optimal balance between suppressing
methane production and maintaining or even improving ruminal fermentation efficiency at a specific
concentration. Therefore, this investigation aimed to assess the impact of HEO on ruminal methane output,
volatile fatty acid profile, nutrient degradability, and microbial protein synthesis efficiency to identify its
optimal dietary inclusion level.

Materials and Methods: The experiment was conducted in a completely randomized design with five
treatments and four replicates. Treatments included different levels of HEO (0, 50, 100, 150, and 200 mg/L
of culture medium). The essential oil was obtained via hydrodistillation using a Clevenger apparatus from
the aerial parts of the plant collected at full flowering. Rumen fluid was collected from three fistulated male
sheep (30 £ 3.5 kg body weight) fed a diet consisting of wheat straw and concentrate. The in vitro gas
production technique was used, and samples were incubated at 39°C for 96 hours. Gas production was
measured at 3, 6, 9, 12, 24, 48, 72, and 96 hours. Methane production was assessed at 24 hours by absorbing
carbon dioxide with a 10 M NaOH solution. After 24 hours of incubation, additional fermentation and
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microbial parameters were evaluated. These post-incubation analyses included measurements of pH,
ammonia-nitrogen concentration, total volatile fatty acids (TVFA) concentration, and total protozoal count
using a Neubauer chamber. Additionally, degradability of dry matter (DM), organic matter (OM), and
neutral detergent fiber (NDF) were determined. Microbial biomass yield and microbial synthesis efficiency
were calculated based on truly degraded organic matter and gas production data.

Results and Discussion: The addition of HEO significantly and dose-dependently reduced in vitro methane
production. The effect was most pronounced at the highest dose, where methane production decreased by
31% at 200 mg/L compared with the control treatment (P < 0.05). This reduction is likely attributed to the
direct inhibitory effect of the HEO bioactive compounds, particularly pinocamphone, on methanogenic
archaea and protozoa. Cumulative gas production decreased significantly at all incubation time points
compared to the control (P<0.05). Total protozoal population declined linearly with increasing essential oil
levels, showing a substantial 33% reduction at 200 mg/L compared to the control (P<0.05), highlighting the
strong antiprotozoal activity of the essential oil. TVFA concentration showed a quadratic response (P<0.05),
increasing up to the 100 mg/L level and then decreasing at higher doses, indicating a dual stimulatory and
inhibitory effect on microbial fermentation. Notably, the 100 mg/L treatment significantly increased
microbial biomass yield and microbial synthesis efficiency by 19% and 20%, respectively (P<0.05),
indicating a more efficient allocation of digested nutrients to microbial biomass production. Conversely,
degradability of DM, OM, and NDF decreased linearly with increasing essential oil levels (P<0.05),
reflecting a general inhibitory effect on fibrolytic microbial activity at higher concentrations.

Conclusion: At an inclusion level of 100 mg/L, HEO achieved a significant methane reduction (14.3%)
while improving microbial protein synthesis efficiency and maintaining acceptable nutrient digestibility.
This specific level of HEO may therefore serve as an effective natural strategy for enhancing the efficiency
of rumen fermentation and reducing the environmental impact of ruminant production through lower
methane emissions. For practical application, further in vivo trials are recommended to validate these
promising in vitro findings and to determine the appropriate dietary inclusion rate.

Keywords: Digestibility, Gas production, Herbal essential oil, Microbial synthesis efficiency, Protozoa
population
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Alfalfa
Corn silage
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Ground barley
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Ground corn
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Cottonseed meal
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Wheat bran
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Dried beet pulp
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Soybean meal (44% CP)
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Wheat straw
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Vitamin-mineral premix
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Chemical composition (% of DM)
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Neutral detergent fiber
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P 35

Ether extract
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Crude protein
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Non-fiber carbohydrates
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Metabolizable energy (Mcal/kg DM)
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Calcium
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! Contains 100,000 IU of vitamin A, 10,000 IU of vitamin D3, 8,000 mg vitamin E, 8,000 mg of 10% monensin, 400 mg antioxidant,
74,000 mg calcium, 15,600 mg sodium, 1,000 mg manganese, 8 mg cobalt, 6 mg selenium, 2,000 mg zinc, 1,000 mg iron, 150 mg
copper, and 30 mg iodine.
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Table 2- The effect of different levels of hyssop (Hyssopus officinalis) essential oil on gas production kinetics and methane yield
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!Methane production was measured after a 24-hour incubation period.
Different letters in each column indicate significant differences between the means at the 5% level (P<0.05).
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Table 3- Effect of different levels of whole hyssop (Hyssopus officinalis) essential oil on total protozoa population and fermentation
parameters under in vitro conditions
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Different letters in each column indicate significant differences between the means at the 5% level (P<0.05).
All fermentation parameters presented in this table were measured following a 24-hour incubation.
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Table 4- The effect of different levels of whole hyssop plant (Hyssopus officinalis L.) on digestibility parameters and ruminal
microbial parameters
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Different letters in each column indicate significant differences between the means at the 5% level (P<0.05).
The parameters related to nutrient degradability were measured after a 24-hour incubation, whereas the remaining parameters were
determined after 96 hours of incubation.
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Introduction: Ruminants, among domesticated herbivorous animals, play a major role in providing food
resources and producing essential nutrients required by humans, thereby contributing to human health .

Nutrition is a key factor influencing livestock performance and production efficiency, accounting for almost
two-thirds of the total costs of raising domestic animals in various livestock farming units. Currently, due to
the increase in livestock population and the decrease in precipitation, we are facing a decrease in the
production of common food resources, and the need to provide cheap fodder resources highlights the
importance of fodder resources used in livestock nutrition. Sugarcane is a perennial plant that grows in
tropical and subtropical regions, including Khuzestan Province. Its by-products, such as bagasse, can be used
in animal feed. Due to the presence of lignin, cellulose, and hemicellulose, as well as the strong bonds found
in woody materials like bagasse, its digestion in the digestive tract is less affected. A study is needed to
investigate the processing of bagasse with urea and molasses and their interaction between the nutritional
value of bagasse. One of the factors that may affect the chemical processing of bagasse is the duration of
processing, which has not yet been investigated in this field. Therefore, this study was conducted to evaluate
the effects of diets containing sugarcane bagasse (SB) treated with urea and molasses for 30 or 45 days on
ruminal fermentation parameters and the in vitro degradability of dry matter (DM) and organic matter (OM).

Materials and Methods: Sugarcane bagasse (SB) samples were obtained from a sugarcane factory located
in Khuzestan Province. SB samples were oven-dried, ground in a mill, and passed through a 1 mm sieve. The
SB samples were mixed with 5% urea and 10% molasses solution and stored under anaerobic conditions for
30 or 45 d. Experimental diets included 1) diet containing untreated SB and stored for 30 d; 2) diet
containing SB treated with 10% molasses solution and stored for 30 d; 3) diet containing SB treated with 5%
urea solution and stored for 30 d; 4) diet containing SB treated with 10% molasses and 5% urea solution and
stored for 30 d; 5) diet containing untreated SB and stored for 45 d; 6) diet containing SB treated with 10%
molasses and stored for 45 d; 7) diet containing SB treated with 5% urea solution and stored for 45 d and 8)
diet containing SB treated with 10% molasses and 5% urea solution and stored for 45 d. After 30 or 45 d, the
samples were removed from the nylon bags, air-dried for 5 d, and stored until further analysis. The

© Authors retain the copyright. This is an open access article distributed under Creative
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experimental diets were formulated using NRC (2007) software according to the nutrient requirements of
ewes. Then, the chemical compositions, gas production at 24 and 96 h, DM and OM degradability, and
methane gas production of the experimental diets were measured. The experiment was conducted under a
4x2 factorial randomized complete block design using the General Linear Model (GLM) procedure of SAS.

Results and Discussion: The lowest DM and NDF contents and the highest crude protein content were
observed in the diet containing bagasse treated with 10% molasses and 5% urea and ensiled for 30 or 45 d
(P<0.05). Among the processing methods, treatment with 10% molasses and 5% urea solution followed by
30 or 45 d of ensiling had the greatest effect on increasing cumulative gas production at 24 and 96 h, gas
production potential (A), and DM and OM degradability (P<0.05). The lowest cumulative gas production at
96 h was observed in the untreated bagasse ensiled for 30 d (P<0.05). The shortest lag time was found in diet
containing bagasse treated with 5% urea solution and ensiled for 30 or 45 d, as well as those treated with
10% molasses and 5% urea solution and ensiled for 30 or 45 d, whereas the longest lag time belonged to the
control diets (P<0.05). Methane production, partitioning factor, and efficiency of microbial mass production
were not affected by experimental diets (P>0.05). Urea and molasses solutions, by breaking down the
structure of feed fibers, reduce the lignin content of the feed and enhance the access of rumen
microorganisms to the lower layers of lignin, cellulose, and hemicellulose in the feed. As a result, they
increase fermentation and gas production, as well as improve the degradability of DM or OM.

Conclusion: Overall, chemical treatments, compared to the control treatments, effectively altered the
chemical composition of bagasse, increased the gas production rate, and enhanced DM and OM
degradability. Among the different processing methods, treating bagasse with 10% molasses and 5% urea
solution followed by 45 d of ensiling resulted in the highest gas production rate (A), and DM and OM
degradability. Therefore, the combination of 10% molasses and 5% urea solution is considered a more
suitable processing method for bagasse.

Keywords: Alkali processing, Dry and organic matter, Gas production, Ruminal disappearance, Sugarcane
byproduct
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Table 1- Feed ingredients of experimental diets containing bagasse processed by different methods? at different times

03y T yglb ol 059, Y0 ()51% oloj
30 days processing time 45 days processing time
(58 ool -M)b) U-S‘)? ot Y obey b s AT ¥ Ubs) d s ARSI ANS-Y) ¥ by
Eel\(jl(;smﬁ mgredlent (% of Method 1 Me;hod Method 3 Method 4 Me;hod Method 2 Method 3 Method 4
[t 1) o0 15.0 15.0 15.0 15.0 15.0 15.0 15.0 15.0
Bagasse (sugarcane bagasse)
i S S5le 10.0 10.0 10.0 10.0 10.0 10.0 10.0 10.0
Alfalfa hay
\*;\;EM 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
eat straw
bk oo 22.0 22.0 22.0 22.0 22.0 22.0 22.0 22.0
Oak acorn
E” S P32 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00
ate kernel powder
é” “b 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
orn grain
s b . 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Barley grain
ot 3.80 3.60 3.80 3.70 3.80 3.60 3.80 3.80
Molasses
o 3.00 3.00 3.00 5.00 3.00 3.00 3.00 5.00
oybean meal
a9 2% 7.00 7.00 7.00 7.00 7.00 7.00 7.00 7.00
Chicken powder
29 1.10 1.00 1.10 1.10 1.10 1.00 1.10 1.10
Urea
2 ol xS 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Corn gluten meal
E’?’L" 29 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
ish meal
BT) ds 8.00 8.00 8.20 8.00 8.00 8.00 8.00 8.20
ive pomace
mw*‘" 3.20 3.40 3.40 3.60 3.20 3.40 3.40 3.60
eat bran
Sl ke 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Sodium bicarbonate
salzg 9 ane dse JaSa 0.60 0.60 0.60 0.60 0.60 0.60 0.60 0.60
Mineral and vitamin* supplement
;Tt 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
(Sis oolo 3l o yd) (oleowd oS 5
Chemical composition (% of DM)
pE Oon ) 9.44 9.41 12.8 12.6 9.21 9.30 12.2 12.0
Crude protein
Pb 4.12 4.08 4.00 4.38 4.07 4.02 3.98 4.29
Crude fat
S odagd SUI 493 488 48.4 48.1 49.1 48.9 48.2 483
Neutral detergent fiber
"“‘JS 1.10 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Calcium
s 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80
Phosphorus
St glacil)ing 34.6 345 34.3 34.2 34.6 345 34.3 34.2

Non-fibre carbohydrates

BT ol £S5 Y 5K )5 Y s )5 T o 25 W i £S5 O oS )5 VA8 E (ol S ke Ve r D3 bty el sy oo A peliyg alli 2y 00 e e Orelizg g (dns Slse JoSo Jl p)SokS a3
23 a1l o) o Fe g poitls S o V ey p)S ko Vo e IS p S o Vot sy 25 Y e
ygl 10,30 g udlo o3 Ve Jglowo a9l 8 (S ¥ 0yl 10y B Jglowo b o0 ,8 (ol A odlo o3 Ve Jglome L ais gl 5 o Y erdis gl p oL 1) b
1 Each kilogram of mineral and vitamin supplement contains 500,000 IU vitamin A, 100,000 IU vitamin D3, 100 mg of vitamin E, 196 g of calcium, 96 g of phosphorus, 19
g of magnesium, 46 g of sodium, 2 g of manganese, 3 g of iron, 3 g of copper, S_g oftzinc, 100 mg of cobalt, 100 mg of iodine, 1 mg of selenium, and 400 mg of
antioxidants.
2 Method 1: Unprocessed bagasse, 2: Bagasse processed with 10% molasses solution, 3: Bagasse processed with 5% urea solution, and 4: Bagasse processed with 10%
molasses solution and 5% urea.
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