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Introduction and Objective: Buffers are commonly incorporated into high-concentrate diets
to mitigate the adverse effects of ruminal acidity by stabilizing rumen pH. Their inclusion can
increase the acetate-to-propionate ratio and improve fiber digestibility, ultimately enhancing
feed intake. In parallel, plant extracts, owing to their antimicrobial, antioxidant, and biologically
active properties, have emerged as promising feed additives. Among these, thyme extract has
demonstrated antimicrobial activity under in vitro conditions, evidenced by reduced methane
production and altered rumen fermentation characteristics. Garlic extract functions as a
probiotic and possesses antioxidant, antimicrobial, anti-methanogenic, and anti-protozoal
properties. Eucalyptus 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 investigated the effects of 2% sodium bicarbonate
combined with various plant extracts on in vitro gas production, ruminal degradability
parameters of dry matter (DM), crude protein (CP), and neutral detergent fiber (NDF) using the
in sacco method, as well as the apparent nutrient digestibility of the diet. The experimental
treatments included: 1) 2% sodium bicarbonate (control); 2) Control + thyme extract (400
mg/kg DM of the diet); 3) Control + garlic extract (300 mg/kg DM of the diet); 4) Control +
eucalyptus extract (150 mg/kg DM of the diet). A fattening lamb diet was formulated using
SRNS software and offered as a total mixed ration (TMR) consisting of forage and concentrate
at a 30:70 ratio. To determine ruminal degradability parameters, three rumen-fistulated Zel
ewes (average body weight: 43+2 kg; age: 2 years) were used. The animals were housed
individually in semi-open, roofed metabolic cages with free access to water. Following an
adaptation period, the ewes received the experimental diets twice daily at 08:00 and 20:00 h.
Rumen fluid was collected from the rumen-fistulated Zel ewes prior to the morning feeding to
assess 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 SAS software, and means
were compared using Duncan’s multiple range test.
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Results: 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 h (P = 0.0482) and 48 h
(P =0.0060) was significantly higher in the eucalyptus extract and control treatments compared
to the thyme extract treatment. Organic matter digestibility (P = 0.0352), metabolizable energy
(P = 0.0371), and the concentration of short-chain volatile 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
showed a trend toward significance in the garlic extract treatment compared to the control group
(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).
Dry matter digestibility (P = 0.0155) and organic matter digestibility (P = 0.0041) were
significantly increased in all plant extract treatments compared to the control. 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 differentially affected 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,
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Table 1- Ingredients and chemical compounds of experimental diets (% DM or as stated)

0y (2lond LS 5 g sl Vol Yol Yol ¥l
Ingredients and chemical composition Treatment 1  Treatment 2 Treatment 3 Treatment 4
S 3w
. 20 20 20 20
Corn Silage
FAS DK
10 10 10 10
Wheat straw
&y &l
R 15 15 15 15
Corn grain
peb 25 25 25 25
Barley grain
bigw albous
AN 16.2 16.2 16.2 16.2
Soybean meal
pAS ogm
10 10 10 10
Wheat bran
Jyene Ko 0.3 0.3 0.3 0.3
Common salt
|
b s 0.5 0.5 05 05
Animal Primex
ol
"’“‘K s 1 1 1 1
Calcium carbonat
2 2 2 2
Sodium bicarbonate
(°)73? Sz odle P;?l‘g 2 P)gul*‘) u“”?i o)La_c. _ 400 _ _
Thyme extract (mg/kg DM of diet)
(°)ﬁ?w°3l’°€)§5lﬁg)af)§gfkﬁ‘°))¢”°)w _ > 300 _
Garlic extract (mg/kg DM of diet)
(°)¢? Sz ool P;}l‘f » P;Q?L‘“) u*’%*‘m °)L‘a; » _ _ 150
Eucalyptus extrac (mg/kg DM of diet)
(3o 3) (5 oxizgd ) Joloels SUI
. 36.18 36.18 36.18 36.18
Neutral detergent fiber (NDF, %)
(M2y3) (sml 0air 0 > Jglorals 3L
: . 22.25 22.25 22.25 22.25
Acid detergent fiber (ADF, %)
(10 3) pb e
. 14.02 14.02 14.02 14.02
Crude Protein (%)

Metabolizable Energy (Mcal/kg DM of diet)
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“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

(Experimental treatments?) * aloji slalos 3 ksl gllas ol
Siis oolo (g pluds oo Vol Y ks Y ks ¥ ol oSl &b xe
Degradability of DM Treatment1l Treatment2  Treatment3  Treatment 4 SEM P-value
o) iz e i 11.01% 10.24b 10.35b 11.80° 0326  0.0137
Fast degradation fraction (%)
(o)) 4525 48 sy b b b
7.4 70.25¢ 71.382 228 1.104 .082
Potentially degradable fraction (%) 67.46 025 38 68 0 0.0828
(w0 o) o B ogilly i
78.47 A4 1.7 .02 1.067 .2302
Slow degradation fraction (%) 8 8049 81.73 80.0 06 0:230
(223) 435 JBys iz
. 21.52 19.50 18.26 19.97 1.067 0.2302
Non-degradable fraction (%)
(elo  2o2) 520 5 8 2.380 2.35b 2.27 2,820 0119  0.0218
Degradaition rate constant (%)
(cebos 3 80)3) youe £33 50 e Gl s
Effective degradaition of pass rate (%/h)
0.02 66.89° 69.65% 70.742 67.73® 1.075 0.0830
0.05 66.07° 68.78% 69.802 67.02% 1.033 0.0831
0.08 65.26" 67.93% 68.892 66.32% 0.993 0.0829
Pl e n s miva oo (Degradability of CP)
(1e0)3) 42355 @y i
. . 11.28 10.55 11.03 11.65 0.311 0.1301
Fast degradation fraction (%)
(1o 3) 4235 435" sy
: . 72.13 73.14 73.38 72.70 0.476 0.3002
Potentially degradable fraction (%)
(105) 528 B ogilly 1
; . 83.41 83.69 84.42 84.35 0.426 0.2950
Slow degradation fraction (%)
(223) 435 s iz
. 16.58 16.30 15.57 15.64 0.426 0.2950
Non-degradable fraction (%)
(b 2 do) w28 25 28 3.34 3.53 3.31 3.39 0083  0.3022
Degradaition rate constant (%)
(celo 3 203) jo 255 ) She s
Effective degradaition of pass rate (%/h)
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‘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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Table 3- Effect of buffer and plant extracts on gas production parameters
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‘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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Table 4- Effect of buffer and plant extracts on apparent nutrient digestibility of feed
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1Experimental 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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