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and green tea leaves on ruminal fermentation characteristics, methane and total gas
production under in vitro conditions, and microbial population in lactating ewes using
microbial-based methods. The experiment was arranged in a completely randomized
design with four treatments: a control group (no extract) and three experimental groups
receiving 100 mg extract per kg of live weight from walnut leaves, green tea leaves,
or an 1:1 ratio. Extracts were administered orally twice daily for two months. At the
end of the period, rumen fluid was collected from each treatment and subjected to in
vitro gas production tests, including total gas production, methane production, and
protozoal counts, conducted in three independent runs with four replicates per
treatment. The results indicated that the control group had the highest potential gas
production (A) at 373.60 mL, while the mixture of extracts showed the lowest (265.60
mL). The molar proportion of acetate decreased, and that of propionate increased
significantly, with the highest propionate values observed in the mixture (34.39%) and
walnut leaf (32.21%) treatments, and the lowest in the control (29.80%) and green tea
leaf (29.66%) treatments. The combination of extracts led to a reduction in protozoa
and methanogen populations, while fungal populations increased significantly (P <
0.02). Overall, the findings suggest that dietary inclusion of these extracts in lactating
ewes may beneficially modify rumen fermentation patterns in terms of volatile fatty
acid profiles, gas production, and microbial populations.
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Extended Abstract
Introduction

Improving feed efficiency in ruminants is achievable by reducing energy loss. This can be done through
enhanced digestibility and better rumen fermentation management, particularly by increasing propionate
production and consequently reducing methane production. Over the course of evolution, plants have
developed a wide range of secondary metabolites that exert significant biological effects when consumed by
herbivores. Among these, polyphenols—especially flavonoids—are valued for their antioxidant, anti-
inflammatory, and immune-boosting properties, making them promising candidates for improving animal
health and productivity. The use of plant extracts rich in these compounds in ruminant nutrition has attracted
interest due to their low production cost, environmental compatibility, and ability to mitigate metabolic
disturbances caused by oxidative stress. Walnut leaves and green tea are rich sources of flavonoids and
antioxidant compounds capable of scavenging free radicals and modulating redox-sensitive biological
pathways. Additionally, plant secondary metabolites such as tannins and saponins can help reduce methane
production in the rumen and improve fermentation patterns by influencing the microbial population. However,
there is limited information about the effects of ethanolic extracts of walnut leaves and green tea on rumen
fermentation processes. This study aims to investigate the in vitro effects of these extracts on fermentation
patterns, total gas production, methane emissions, and volatile fatty acid profiles, exploring their potential as a
natural and sustainable approach to reducing methane production and the risk of ruminal acidosis.

Methods

The protocol for this study was approved by the Institutional Animal Care and Use Committee (IACUC).
The experiment was conducted during autumn 2017 (Mehr to Azar 1396) on 20 Makui ewes allocated to four
treatments: control (no extract), hydroalcoholic walnut leaf extract, green tea leaf extract, and a combination
of both extracts. Walnut leaves were collected from Urmia University orchards, while green tea leaves were
purchased from the National Tea Organization. Samples were collected in multiple rounds, dried, and ground.
Extraction was performed in two stages using 96% and then 75% ethanol. The filtered extracts were
concentrated at 50 °C using a rotary evaporator and sent to Turkey for GC-MS analysis. Ewes received the
extracts at 100 mg per kg live weight twice daily for two months. Diets were formulated using SRNS software
based on NRC (2007) requirements. For in vitro testing, rumen fluid was collected from all ewes in each
treatment before morning feeding, filtered, pooled, and used as inoculum. The gas production test followed
Menke & Steingass (1988), with 12 replicates and measurements at intervals up to 96 hours. Methane
production was measured after injecting 10 M NaOH. Volatile fatty acids (VFAS) were analyzed via gas
chromatography (GC), protozoa were counted using Dehority’s (2017) method, and ammonia nitrogen was
determined using the colorimetric method of Broderick and Kang (1980). Apparent and true dry matter
digestibility was assessed using the Blimmel et al. (1997) method, with samples incubated, dried, and weighed.
Total DNA extraction was performed following Tajima and Yang protocols, purified with a ZYMO Kkit, and
evaluated for purity with a NanoDrop spectrophotometer. Quantitative analysis of microbial populations was
conducted using gPCR with SYBR Green dye.

Results

Results showed that different treatments had a significant effect on gas and methane production; the highest
gas and methane production were observed in the control group, and the lowest in the group supplemented
with a mixture of walnut and green tea extracts. The fermentation rate did not change, but the lag phase was
longest in the combined extract treatment. In the volatile fatty acid profile, acetate decreased and propionate
increased significantly in the combined extract treatment. The acetate to propionate ratio and ammonia nitrogen
concentration were lower in this treatment. Protozoa population decreased in all extract treatments, with the
lowest count in the combined treatment. Dry matter and organic matter digestibility improved in the walnut
leaf extract and combined extract treatments, while the green tea extract alone had less effect. Microbial
population analysis showed that the combined extract treatment caused the greatest reduction in protozoa and
methanogens and the highest increase in fungal population. Individual extracts had lesser effects, and their
increase in fungal population was not significant.

Conclusions

The combination of walnut leaf and green tea extracts effectively improved rumen fermentation, nutrient
digestibility, and reduced methane production, highlighting its potential as a natural additive for enhancing
ruminant performance and sustainability.
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Table 1. Ingredients and chemical composition of the diet fed to ewes used for rumen fluid preparation (% dry
matter basis)
Ingredient % Dry matter
Alfalfa hay 25.55
Corn silage 35.22
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Barley grain
Wheat bran
Soybean meal

Dicalcium phosphate
Mineral-vitamin supplement*

Fat powder (Persia Fat)

Nutrient and energy composition
Metabolizable energy (Mcal/kg)
Crude protein (%)

Ether extract (%)

Neutral detergent fiber (%)

Crude fiber (%)

Ash (%)
Calcium (%)

Phosphorus (%)

15.73
9.09
10.11
0.5
1
2.8

2.56
15
5.3
43.1
16.3
6.5
0.85
0.48

*Each kilogram of mineral-vitamin supplement contained: 500,000 U vitamin A, 100,000 IU vitamin D, 0.1
mg vitamin E, 180 g calcium, 90 g phosphorus, 20 g magnesium, 60 g sodium, 2 g manganese, 3 g iron, 0.3 g
copper, 3 g zinc, 0.1 g cobalt, 0.1 g iodine, 0.001 g selenium, 3 g antioxidants.
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Table 2. Analysis of green tea leaf extract by GC-MS method

Retention time Compound name Molecular Molecular Area Area

(min) P Formula Weight (%)
1,4a-dimethyl-7-nitro  -9-oxo-

4.80 12344291 0,10a-octahydro- 10y 1515 331 211723.81 0.15
phena nthrene-1-carboxylic
acid, methyl ester

10.32 St'rr]';fthoxyg'yc erol - docosyl 75605 460 1316000.83 0.91
2-propenoic acid, 3-(1-acetyl-

20.53 2,2-dimeth ylcyclopentyl)-, C13H2003 224 214962.69 0.15
methyl ester, (e)-

21.37 trimethoxyamphetam ine, 2,3,5- C12H19NO3 225 313342.81 0.22

23.32 (1:{;;‘9“2'""‘1320'6' 2-phenyl- - ciahion 104 14047210529  97.16
curan-17-oic acid, 2,16-

29.66 didehydro-20-hydroxy-19-oxo- C20H22N204 354 978866.75 0.68
,methyl ester (cas)

39.50 antirliine C19H24N20 296 491376.10 0.34
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Table 3. Analysis of Walnut leaf extract by GC-MS method

Retention Molecular Molecular Area
time (min) Compound name formula weight Area (%)
4.78 Allogibberinic acid C18H2003 284 185879.44 3.95
10.34 2-(4-ethoxy-3-met hoxy-phenyl)-3-  1g1117n05 327 415253.78 8.81
nitro-2h-chrom ene
11.04 2-(4-ethoxy-3-met hoxy-phenyl)-3-  1g1117n05 327 322042.41 6.83
nitro-2h-chrom ene
10ah-2,12a-methano-1h,4h-
cyclopropa[5, 6][1,3]dioxolo[2’,3]c
11.99 yclopenta[1°,2”:9,10]c C26H3805 430 349471.70 7.42
yclodeca[1,2-days][1,3]di oxin-15-
ol,
2-(4-ethoxy-3-met hoxy-phenyl)-3-
12.43 nitro-2h-chrom ene C18H17NO5 327 263678.85 5.60
16.01 Quercetin 7,3,4’-trimethoxy C18H1607 344 296156.06 6.28
17.17 g‘;rs‘;‘“ 16,17-didehydro-, (20.xi.)-  ~1g194N7 280 355835.62 7.55
Butanoic acid,
1a,2,5,5a,6,9,10,10aoctahydro-
5,5a-dihyd roxy-4-(hydroxymethy
17.77 D-1,1,7.9-tetramethyl11-0x0-1h- 0y piap06 498 34221344 7.26
2,8a-meth  anocyclopenta[a]cyclo
propa[e]cyclodecen-6 -yl ester,
[1lar-(1a&,2a,54,5a4,6
4,823,93,10aa)]-
23.43 Caffeine (cas) C8H10N402 194 2181551.89 46.29
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Table 4. Characteristics of primers used for rumen microbial amplification

Forward primer Reverse primer Reference
Denman and
Total fungi  GAGGAAGTAAAAGTCGTAAC — CAAATTCACAAAGGGTA o il )
9 AAGGTTTC GGATGATT 2006) y
Total CAYGTCTAAGTATAAATAACT  CTCTAGGTGATWWGRTT . Sylvester etal.
protozoa AC TAC (2004)
yerhanoge” CCGGAGATGGAACCTGAGAC %ﬁ% CTTGCCCAGCTCTT 64 Zhou et al. (2009)
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Table 5. Effect of walnut leaf and green tea leaf ethanolic extracts on gas production parameters and methane
production in ewes

Experimental treatmentst
Walnut leaf Green tea Combined SEM

Variables Control extract leaf extract extracts P value
Gas production
A 373.60? 300.0% 338.60ab 265.60° 13.39 0.0002
C 0.95 0.96 0.97 0.93 0.01 0.36
L 1.19° 1.40% 1.22° 1.512 0.08 0.044
Methane gas (mL/g DM) 64.6% 58.4° 58.5P 53.4¢ 0.8 <0.001
Methane production rate
(mL/mL gas produced at 12h  0.139a 0.108° 0.123° 0.111¢ 0.0015 0.01
incubation)

1100 mg extract per kg body weight of ewes.
A: Gas production potential (mL/mg DM); C: Fermentation rate (mL/h); L: Lag phase (h).
a~d Means with different superscripts within a row differ significantly at P < 0.05.



1F-4 ,‘j;/a‘)wwz‘i@,a@ 5)});0/‘,,{/‘5.0/&,9}‘94,()—& q-

340 -
320 N “OPTT LI LI
300 - RSk iy
280 - S Tt Lol
260 - Et=2dd

240 - ,,f'

220 - i

200 - R 2 — Contral

180 - 2

160 - / }; ————— Walnut leaf extract

= »
140 A ’ - - = Green tea leaf extract
120 - 4

100 - ,, — .+ Combined extracts

80 - 4
60 -

40 { 4
20 ;

O T T T T T T T T T T T T T T 1

0O 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

(mL/g DM)

G as production kinetics underin vitro conditions

Incubation time (h)

s 4S5 5 Mg S g e e Sy g 935 €0 Sy (IS 0)lae i) JSS
Figure 1. Effect of walnut leaf and green tea leaf ethanolic extracts on rumen gas production Kinetics
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Table 6. Effect of walnut leaf and green tea leaf ethanolic extracts on volatile fatty acid profile, ammonia

nitrogen concentration, and protozoa population in rumen fluid of ewes

Experimental treatments!

Variables Control Walnut leaf ~ Green tea leaf Combined SEM P value
extract extract extracts
Volatile fatty acids (mol/100 mol)
Total VFA (mmol/dL) 84.60 82.40 85.00 88.200 3.82 0.760
Acetate 57.662 57.822 57.792 53.642 1.29 0.0001
Propionate 29.8° 32.21° 29.66°¢ 34.392 0.85 0.0001
Butyrate 9.712 7.02° 9.32% 8.69° 0.37 0.0001
Valerate 0.48 0.051 0.055 0.55 0.022 0.087
Isobutyrate 0.75P 0.86% 0.992 0.992 0.018 0.040
Isovalerate 1.59% 1.56° 1.67%® 1.732 0.012 0.122
Acetate/Propionate 1.932 1.79° 1.952 1.56° 0.006 0.0001
pH 6.57 6.63 6.66 6.44 0.100 0.470
Ammonia nitrogen (mg/dL)  5.332 4,98 5.492 4.60° 0.21  0.040
Total protozoa2 (x10°/mL
prumen flu(id) 221.002 213.60° 210.20° 199.20° 193 <0.001
100 mg extract per kg body weight of ewes.
2 Protozoa counts in this table are based on microscopic examination results.
a~e Means with different superscripts within a row differ significantly at P < 0.05.
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Table 7. Effect of walnut leaf and green tea leaf ethanolic extracts on in vitro digestibility of nutrients

Experimental treatments®

Variables Control Walnut leaf Green tea leaf Combined SEM P value
extract extract extracts
Digestibility (%)
Apparent dry matter b a b a
digestibility (24 h) 32.54 36.20 32.08 36.88 6.47 <0.001
(Tzrﬁ)dry matter digestibility 5, 74 36.787 35.42b 36.90° 443 0.006
Apparent dry matter b a b a
digestibility (48 h) 34.46 40.44 35.72 39.96 5.37 <0.001
(Trgi;jry matter digestibility 55 500 47 590 36.30° 41.38° 636  <0.001
4 ) ) : : } )
Apparent organic matter b a b a
digestibility (24 h) 34.06 42.52 34.94 43.18 452 <0.001
True organic matter 44,34 48182 45.29b 48.562 4.59 <0.001

digestibility (48 h)

1100 mg extract per kg body weight of ewes.

a~b Means with different superscripts within a row differ significantly at P < 0.05.
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Figure 2. Effect of walnut leaf and green tea leaf ethanolic extracts on changes (%) in microbial population

relative to the control group
SEM values for protozoa, fungi, and methanogenic bacteria were 5.07, 3.71, and 6.23, respectively
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