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Introduction

ABSTRACT. To assess the effect of herbal extracts on nutrient utilization,
enteric methane emission and growth performance, 15 growing Murrah male
buffaloes were divided into 3 groups and offered control diet (total mixed ra-
tion; roughage:concentrate ratio 65:35), control diet supplemented with Punica
granatum or Tecomella undulata extract at 2% of dry matter intake (DMI) for
90 days. The supplementation of herbal extracts did not alter DMI and nutrient
digestibility, however the tendency (P = 0.058) to higher nitrogen retention was
observed in groups fed diets supplemented with P. granatum (72.9 g/day) and
T. undulata extract (70.6 g/day) in comparison to control (64.3 g/day) group. No
negative impact was seen as indicated by blood profile, which was within the
physiological range. Supplementation of P. granatum or T. undulata extracts
resulted in decrease in methane emission (g/kg average daily gain (ADG)) by
46 and 42%, respectively in comparison to control diet. The impact of decrease
in methane emission and higher gross energy (GE) intake was visible in the
daily body weight gain/day: the animals fed P. granatum and T. undulata ex-
tracts gained (P < 0.001) 28 and 21% more weight, respectively, in comparison
to animals fed control diet. Therefore, the study established that the supple-
mentation of diet with herbal extracts can help in ameliorating enteric methane
production, thereby improving the growth performance in ruminants.

have been made to inhibit methanogenesis and to
re-channel hydrogen to improve feed conversion

Indian livestock produces 15% of total global
enteric methane production with bovines accounted
for 85% of total emission followed by other live-
stock species (Patra, 2014). Emissions of greenhouse
gases from livestock-related anthropogenic activities
trigger research towards methane mitigation in ru-
minants. Moreover, ruminal methane production is
connected with the loss of carbon and consequent-
ly the loss of energy (Bell et al., 2011); the efforts

ratio. Existing methane mitigation strategies for ru-
minants comprise additions of ionophores, fats, de-
faunating agents, organic acids, antibiotics and anti-
methanogens, but most of these feed additives have
certain side effects on rumen ecosystem or animal
health when long-term used. Therefore, alternative
feed additives are needed. Plants consisting of plant
secondary metabolites (PSMs) appear to have great
potential to reduce enteric methane emission, to
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control environmental pollution and to improve
productive performance in animals (Teferedegne,
2000) by altering rumen fermentation, nutrient
utilization or enhancing supply of polyunsaturated
fatty acids to the blood for productive purposes
(Szczechowiak etal., 2018; Yanza et al., 2018). Most
researchers exploited pure PSMs (saponins, tannins,
essential oils and flavonoids) or herbs rich in PSMs
as feed additives in in vitro studies (Bakshi et al.,
2004; Cieslak et al., 2012; Singh et al., 2018) and
a few assessed its potential to alter enteric methane
production in vivo (Qiao et al., 2013; Wanapat et al.,
2013; Hundal et al., 2016). However, the effect of
using herbs rich in tannins, saponins and flavonoids
varies and depend on concentration, level and source
of active compound.

Out of 199.8 mIn buffalo population in the world,
97.04% (193.8 mIn) and 57.8% (115.5 mln) are located
in Asia and India, respectively, so it is necessary to find
locally available herbal feed additives to tackle enteric
methane emission. Moreover, potential of many
herbs rich in PSMs as methane mitigator still needs
to be exploited in India. Punica granatum (a native
from the Himalayas in India and Iran) is a high
value fruit rich in phenolic compounds, flavonoids,
proanthocyanidin and antioxidant properties (Dhir
and Shekhawat, 2012). Its peel, covering around 60%
of fruit, is a rich source of ellagitannins, flavonoids
and proanthocyanidin (Mirdehghan and Rahemi,
2007). Tecomella undulata, a deciduous shrub has
tremendous medicinal and therapeutic potential
(Rohilla and Garg, 2014), which is attributed to the
presence of secondary metabolites (phytosterols,
glycosides, tannins, phenolic compounds, flavonoids,
saponins) in its heartwood, bark and leaf (Dhir and
Shekhawat, 2012).

Therefore, due to the presence of secondary
metabolites (tannins, saponins and flavonoids), the
effect of supplementing P. granatum and T. undulata
dry extracts on methane mitigation and productive
performance, especially in Bubalus bubalis under
Indian conditions was planned. Moreover, on the
basis of our previous in vitro study (Singh et al.,
2018), it can be hypothesized that dietary inclusion of
P. granatum and T. undulata extracts may modulate
nutrient digestibility, enteric methanogenesis and
consequently body weight gain in vivo.

Material and methods

The study was conducted at Guru Angad
Dev Veterinary and Animal Science University,
Ludhiana-141 004, Punjab (India). All experimental

protocols were approved (GADVASU/2015/IAEC/
31/03) and compliant with the guidelines established
by Institutional Animal Ethics Committee constituted
(IAEC) under CPCSEA, New Delhi.

Herb extracts analysis

Dry herbal extracts of P. granatum fruit peel
and T undulata bark were procured from Konark
Herbals, Mumbai, Maharashtra (India) and screened
in triplicate for phenolics (Makkar et al., 1993),
flavonoids (Balbaa et al., 1974) and saponins
(Baccou et al., 1977).

Animals and feeding

Fifteen growing male buffaloes (average age
16.5 £ 0.13 months and average body weight
286.7 = 6.75 kg) were assigned by completely
randomized design to three groups of five animals
each. The animals were offered control diet (total
mixed ration, TMR) or control diet supplemented with
P. granatum (pomegranate) or 7. undulata (rohitaka)
dry extracts at 2% of dry matter (DM) intake (DMI)
for 90 days. Animals were fed TMR (ICAR-NIANP,
2013) with roughage:concentrate ratio of 65:35 and
within roughage, the proportion of green and wheat
straw was 30:70. The ingredients and chemical
composition of TMR are presented in Table 1.
The animals were housed in a concrete shed and
were stall fed individually at 9:00 daily. The
animals were weighed for 3 consecutive days every
fortnight on digital electronic weighing balance
(Swift, New Delhi, India) and the feeding schedule
was revised accordingly. The animals were watered
twice a day and were taken out in the yard for
1-h exercise daily.

Table 1. Chemical composition of total mixed ration (TMR), g/kg dry
matter (DM)

Concentrate Green  Wheat

Indices mixture' fodder"  straw! TMR?
Total ash 80 88 62 74
Organic matter 920 912 938 927
Crude protein 248 147 395 133
Ether extract 44 16 9 226
Cellulose 73 360 389 273
Neutral detergent fibre 363 702 856 654
Acid detergent fibre 151 436 562 394
Hemicellulose 212 266 291 259
Acid detergent lignin 40 59 79 62
Gross energy', MJlkgDM - - - 16

'analysed values; ? calculated values; > TMR was prepared by mixing
concentrate mixture (35%), green (19.5%) and wheat straw (45.5%)
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Digestion-cum-metabolism trial

Before the end of growth experiment (90 days),
a 7-day digestion-cum-metabolism trial was con-
ducted in specially designed metabolic cages where
urine and faeces were automatically collected in
separate containers. The faeces, urine and orts (if
any) were weighed daily at 9.00 before feeding. On
the last day of the trial, blood samples were taken
from each animal (4 h post feeding) by puncturing
jugular vein.

Analysis

The dried and finely grounded feed, herb ex-
tracts, orts and faecal samples were analysed (AOAC
International, 2007) for DM (method no. 934.01),
total ash (method no. 942.05), ether extract (method
no. 973.18) and nitrogen (method no. 976.05) con-
centration. Subtracting ash content from DM con-
centration is organic matter. The cellulose content
was determined by Crampton and Maynard (1938)
method and cell wall constituents were estimated by
Robertson and Van Soest (1981) method. The
pooled urine samples were analysed for nitrogen
(AOAC International, 2007; method no. 976.05).
After collection of blood samples, the serum was
separated and stored at 0 °C until analysed for dif-
ferent biochemical constituents (total protein, albu-
min, globulin, cholesterol, triglycerides, glucose,
blood urea nitrogen (BUN), urea, uric acid, serum
glutamic oxaloacetic transaminase (SGOT), serum
glutamate pyruvate transaminase (SGPT)) with
Semi-automatic Analyzer (Model-Erbachem 5x,
Transasia, Mumbai, India) by using Erba’s diag-
nostic kits. The gross energy (GE) content of TMR
and herb extracts were estimated by using Bomb
calorimeter (Toshniwal Bros, Delhi, India). The
energy content of methane was taken as 55.8 KJ/g
(Brouwer, 1965).

Quantification of methane emission by SF,
tracer technique

The enteric methane (CH,) production in the
rumen of growing male buffaloes was quantified by
using SF, (sulphur hexafluoride) tracer technique
(Johnson et al., 1994). The methane was estimated
from day 45 to 74 during the experimental period and
in total 30 observations (min. 5 and max. 7) from each
animal were taken into account to calculate average
methane emission value. The gas chromatograph
(Ultima-2100, Netel (India) Ltd., Navi Mumbai,
India) fitted with electron capture detector (ECD)
and flame ionization detector (FID) was used to
analyse SF_ and CH, in breath samples of animals.

Methane emission rate was calculated as the product
of the permeation tube emission rate and the ratio
of CH , to SF 6 concentration in the sample. The gas
chromatograph was fitted with a 3.3 m molecular
sieve 5 A column with inner diameter 0.32 mm for
SF, and a 1.5 m Porapak Q stainless steel column
with inner diameter 2 mm for CH,. The injector,
detector and oven temperature was maintained at
40, 220 and 50 °C for SF, and 40, 100 and 52 °C for
CH, estimation, respectively. Nitrogen was used as
a carrier gas, with flow rate of 30 ml/min both for
SF, and CH, estimations. Prepared standards were
used to standardize the gas chromatograph for SF,
(39.2 ppt and 101.7 ppt) and CH, (10.4 ppm and
101.9 ppm, Scott-Marrin Inc., Riverside, CA, USA).
Background methane [(CH,)b] was subtracted from
methane concentration in the canister [(CH,)y]. The
concentration of CH, was then calculated by using
the equation of Johnson et al. (1994):

QCH4 = QSFé x (CH4)y o (CH4)b / (SF6)

where: Q.,,, — CH, emission rate (g/min), Q. —
known release rate of SF, from permeation tube
(g/min), (CH,)b — background CH,, (CH,)y — CH, in
sample in canister (ug/m’), SF, — SF, concentration of
collected sample in canister (ug/m?).

Statistical analysis

The data were subjected to analysis of variance
(ANOVA) using SPSS (2012) software version 20.0
(IBM Corporation, Armonk, NY, USA) with the
model:

Y,=u+TIte,
where: ¥, — each observation (methane production,
average daily gain etc.), 4 — total mean, T, — effect
of i treatment (i = control, P. granatum extract and
T undulata extract) and &, — residual error.

The means were tested for the significant
difference (P < 0.05) by using Tukey’s post hoc
comparison test.

Results

Chemical composition of herbal extracts

The chemical analysis of herbal extracts (Table 2)
revealed that crude protein and ether extract contents
in P. granatum extract were 67.6 and 48 g/kg DM
and in 7" undulata extract were 18.5 and 8 g/lkg DM,
respectively. 7. undulata extract had significantly
(P < 0.001) lower organic matter, crude protein, ether
extract and neutral detergent fibre contents as com-
pared to P. granatum. However, higher (P < 0.001)
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Table 2. Chemical composition and active components in herbal
extracts, g/kg dry matter (DM) of herbal extract

Table 4. Effect of supplementing herbal extracts on the blood profile
of male buffaloes

. Punica Tecomella
Indices granatum  undulata PSE  P-value
Chemical composition
total ash 1.52 15.2° 0.036 0.000
organic matter 998.5° 984.8° 0.29 0.000
crude protein 67.6° 18.5° 1.01  0.000
ether extract 48.0° 8.0 0.87  0.000
neutral detergent fibre 6.7° 4.0° 0.06  0.001
acid detergent fibre 1.52 2.5° 0.022 0.000
gross energy', MJ/kg DM 16.07° 15.352 018  0.027
Active components
total phenolics 164.0° 4152 0.11  0.000
saponins 49.23 55.3° 0.03  0.000
flavonoids 56.6 92.0° 0.22 0.000

PSE - pooled standard error; " estimated value; ® — means with
different superscripts within a row are significantly different at P < 0.05
and P <0.001

concentration of flavonoids (1.6 times) and saponins
(1.13 times) were observed in 7. undulata in compar-
ison to P. granatum extract, while P. granatum ex-
tract had significantly higher (P < 0.001) amount of
total phenolics (3.95 times) than 7" undulata extract.

Nutrient digestibility and nitrogen balance

The supplementation of diet with neither P. gra-
natum nor T. undulata herbal extracts affect the DMI
and digestibility of nutrients (Table 3). The nitro-
gen intake and excretion through urine remained
comparable (P < 0.18) among control and herbal

Table 3. Effect of supplementing herbal extracts on dry matter (DM)
intake (DMI), digestibility of nutrients and nitrogen retention in male
buffaloes

Diet supplemented with
Indices no Punica  Tecomella PSE P-value
supplement granatum undulata
DMI, kg/day 7.49 7.90 7.82 0.09 0.559
Digestibility of nutrients, %
DM 64.0 64.3 65.7 0.56 0.086
organic matter 68.5 70.7 69.7 1.13 0.125
neutral detergent 611 6238 63.2 0.80 0.800
fibre
acid detergent fibre 51.3 51.6 51.6 1.01 0.307
crude protein 69.3 731 72.2 0.81 0.062
Nitrogen balance, g/day
nitrogen intake ~ 155.7 156.4 1548  1.88 0.942
faecal nitrogen 479 421 430 225 0.189
urinary nitrogen  43.6 414 413  0.83 0.062
tqtal excreted 915 835 843 2.53 0.083
nitrogen
digestible nitrogen 107.8 114.3 11.8 242 0.203
retained nitrogen  64.2 72.9 70.6  2.34 0.058

PSE - pooled standard error

Diet supplemented with

Indices no Punica  Tecomella PSE P-value
supplement granatum undulata
Total protein, g/dl 7.96 8.18 823  0.14 0.461
Albumin, g/dI 3.06 3.13 3N 0.05 0.641
Globulin, g/dI 4.89 5.06 5.1 0.15 0.835
Albumin:Globulin ratio 0.64 0.62 0.62 0.02 0.890
Cholesterol, mg/dl  65.6 61.9 60.6 2.34 0.420
Triglycerides, mg/dl  21.5 21.9 224 1.38 0.810
Glucose, mg/d| 69.3 71.2 69.2 256 0.761
BUN, mg/dl 43.9 40.2 38.2 142 0.139
Urea, mg/dl 20.7 179 18.9 0.67 0.139
Uric acid, mg/d| 0.58 0.57 059  0.03 0.770
SGOT, U/ 80.9 84.2 81.9 2.93 0.629
SGPT, IU/ 419 417 41.7 2.05 0.959

PSE - pooled standard error; BUN - blood urea nitrogen;
SGOT - serum glutamic oxaloacetic transaminase; SGPT — serum
glutamate pyruvate transaminase

extracts supplemented groups. Digestible nitrogen
did not differ between groups; however the tenden-
cy (P = 0.058) to higher nitrogen retention was ob-
served in groups fed diets supplemented with P. gra-
natum and T. undulata (13.6 and 10%, respectively)
in comparison to control group.

Blood biochemical parameters

Blood profile analysis revealed that total pro-
tein, albumin, globulin, cholesterol and blood urea
nitrogen levels in all animals were within normal
range and showed no significant (P > 0.05) variation
due to dietary supplementation of herbal extracts
(Table 4). Blood cholesterol, SGOT and SGPT were
also comparable in groups fed diets supplemented
with P. granatum and T. undulata in comparison to
control group.

Methane emission

The effect of supplementation of herbal extract
on enteric CH, emission (g/kg DMI) was quite sig-
nificant (Table 5) and was reduced (P < 0.05) by
25.3% with supplementation of diet with P. granatum
extract and by 27.7% when diet was supplemented
with 7. undulata extract (at 2% of DMI) in compari-
son to the animals fed control diet. Supplementation
of diet with P. granatum extract or T. undulata extract
resulted in decrease in CH, emission (g/kg average
daily gain (ADG)) by 46 and 42% in comparison to
the control diet. Loss of energy through CH, was also
lower in supplemented groups (8.16 (P. granatum)
and 8.08 MJ/day (T. undulata)) in comparison to con-
trol animals (11.5 MJ/day).
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Table 5. Effect of supplementing herbal extracts on methane emission
in male buffaloes

Diet supplemented with

Parameter no Punica  Tecomella PSE  P-value
supplement granatum undulata

CH,, g/day 206.1° 14622  144.8¢ 242 0.000

CH,, g/day/kg DM 24.5° 18.3 17.72 0.28 0.000

CH,, g/day/kg DOMI 40.2° 28.62 28.6° 0.37 0.000

Loss of energy 11.5° 8.162 8.08= 0.13 0.000

through CH,, MJ/day

GE intake, MJ/day 121.02 127.5° 1262 0.91 0.012

CH, energy loss 9.5 6.4 6.4 0.08 0.000

(% of GE), MJ/day

CH,, g/kg ADG 428.1° 23122 2482 8.827 0.000

PSE - pooled standard error; CH, — methane; DMI — dry matter
intake; DOMI — digestible organic matter intake; GE — gross energy;
ADG - average daily gain; ® — means with different superscripts within
a row are significantly different at P < 0.05 and P < 0.001

Performance of animals

The impact of CH, emission decrease and
higher GE intake was visible in gains (BWG/day).
The animals fed P. granatum and T. undulata ex-
tracts gained (P < 0.05) 28 and 21% more weight,
respectively, in comparison to animals fed control
diet (Table 6). However, the gain on basis of GE
intake (gain, g/day/MJ of GE intake) was 25 and
19% higher in P. granatum and T. undulata extracts
supplemented animals, respectively.

Table 6. Effect of supplementing herbal extracts on growth performance
of male buffaloes (n = 4 due to removal of outliers)

Diet supplemented with
Parameter, kg no Punica  Tecomella PSE  P-value
supplement granatum undulata
Initial body weight 285 287 288 6.75 0.985
Final body weight 3302 3440 3420 337  0.048
Total gaing,,, 45 57° 540 0.983  0.000
Gain/day, g 498° 638° 601 110 0.000
Gain, g/day/MJ 4.00° 500° 478 0.090 0.000
of GE intake

PSE - pooled standard error; GE — gross energy; ® — means with
different superscripts within a row are significantly differentat P < 0.05
and P <0.001

Discussion

Tannins, saponins and flavonoids, the major
phytobiotics present in P. granatum and T. undulata
extracts, are biologically active (Dhir and Shekha-
wat, 2012). In the studies on pure PSMs, researchers
used single metabolite like tannins, saponins or fla-
vonoids to modulate rumen microbial metabolism,
to reduce methanogenesis and to improve productive
performance in animals. Moreover, the usage of pure

compounds have some practical problems and is diffi-
cult to use at the farm level. However, herbal extracts
used in our study contained combinations of PSMs,
which may have synergistic effect on mitigating en-
teric CH, emission and thereby improve the produc-
tive performance of animals. Interaction of different
PSMs present in the same herb within rumen with
microbial consortium or with each other might yield
different results than expected or reported earlier.

Active components in herbal extracts. The
presence of PSMs (tannins, saponins and flavo-
noids) in P. granatum and T. undulata extracts (Dhir
and Shekhawat, 2012) enables these herbal extracts
to manipulate rumen and perhaps to mitigate en-
teric CH, emission without adverse affection on
the digestibility of nutrients. Recently, natural plant
products (Ersahince and Kara, 2017; Hundal et al.,
2019), which are often not expensive and environ-
mentally safe, have been introduced in CH, mitiga-
tion strategies. These compounds are not only able to
suppress the CH, production but also possess broad
range of favourable effects on animal health.

Nutrient digestibility and nitrogen balance.
DMI depends on the inhibitory or stimulatory
effects of feed additives on organoleptic properties
of feeds, however supplementation of P. granatum
and T wundulata extracts at 2% of DMI did not
influence organoleptic properties and consequently
palatability of feeds, hence no change in DMI
among animals of control and supplemented groups
were reported. Our study confirmed the fact that
the supplementation of PSM does not affect DMI
(Samal et al., 2016).

Oliveira et al. (2010) found that P. granatum
extract feeding (at 5-10 g/day equivalent to gallic
acid intake of 0.8—1.6 g/day) to young calves for the
first 70 days of life decreased intake of grains and
whole tract digestibility of fat and crude protein,
likely because of its high tannin content. Jami et al.
(2012) noted a significant increase in the digestibility
of DM, crude protein and neutral detergent fibre in
cows fed 4% P. granatum-peel extract supplement.
Dschaak et al. (2011) observed that the digestibility
of DM, organic matter, crude protein and acid
detergent fibre remained unchanged after the
addition of quebracho condensed tannin extract
at 3% of DM. In another study, supplementation
of plant flavonoids at 300 mg/kg DMI did not
influence feed consumption among Holstein
Friesian crossbred heifers fed high concentrate diet
(Balcells et al., 2012). Similarly, in the present study,
supplementation of P. granatum and T. undulata
extracts improved neither the digestibility of nutrients
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nor retention of nitrogen but the tendency to higher
digestibility and nitrogen retention was observed
in comparison to control group. This variability of
results of secondary metabolites supplementation
on nutrients digestibility may be attributed to
the concentration of active compound, chemical
structure and source of the used plants (Abarghuei
et al., 2010). According to Van Soest (1994) there is
a positive correlation between voluntary intake and in
vivo digestibility. In the present study, DMI was not
influenced by inclusion of herbal extracts into diets,
which was probably due to no differences in nutrient
digestibility. The effects of secondary metabolites
on feed intake in ruminants have been inconsistent
among studies indicating either no change (Balcells
et al., 2012), increase (Jami et al., 2012) or decrease
(Abarghuei et al., 2011) in feed intake.

Abarghuei et al. (2013) also reported that
supplementation of P granatum peel extract
(400-800 ml/day) did not affect nitrogen balance in
dairy cows, which is due to lack of any effect on pro-
tein digestibility. Earlier Vaithiyanathan et al. (2007)
found that adding secondary metabolite (69 g tannins/
kg DM) had no effect on nitrogen balance in sheep.
Tendency to improvement in nitrogen retention (8.9—
13.3%) in the present study may be due to the com-
bined effect of tannins, saponins or flavonoids pres-
ent in herb extracts on utilization of feed, which in
turn altered protein degradation in rumen and resulted
in higher availability of amino acids at intestinal level
(Barry and McNabb, 1999).

Blood biochemical parameters. The lack of
differences in blood profile after supplementation of
herbal extracts was consistent with lack of effect on
DMI and digestibility of nutrients. Observations of
Yang et al. (2010) revealed no effects on glucose and
triglyceride concentrations in blood of growing cows
supplemented with 400, 800 and 1600 mg eugenol
per day. Comparable blood cholesterol, SGOT and
SGPT between experimental and control group,
may suggest that liver function was not altered by
supplementation of herbal extracts. Blood glucose
concentration remained comparable among animals
of all groups. Blood total protein concentration is an
indicator of the long-term protein status of dairy cows
(Topps and Thompson, 1984). However, no changes
in the total protein content of blood were observed
in the present study indicating normal protein status.
Similarly, Nasri and Ben Salem (2012) reported that
oral administration of Agave americana extracts
(containing 120, 240 and 360 mg saponins/kg DM) or
Quillaja saponaria (containing 120 mg saponins/kg
DM) to Barbarine female lamb had no effect on blood

total protein concentration. The findings of present
study are also in line with the observations of Dey
and De (2014), who reported that dietary inclusion of
tannins (1.5%) did not influence the most of the blood
biochemical parameters in lactating cows.

Methane emission. Methane emission by ru-
minants is not only associated with environment
pollution but also represents loss of carbon during
ruminal fermentation and 1 g of CH, emission
is related to a loss of 55.85 KJ of GE (Brouwer,
1965). The decrease in CH, emission in animals fed
P. granatum and T. undulata extracts in comparison
to those fed control diet supported the results of
our previous in vitro study, in which depression in
methanogenesis was reported due to supplementation
of P. granatum and T. undulata extracts at 2% of the
substrate (Singh et al., 2018). Similarly, depression
in methanogenesis without compromising DM
digestibility was observed by Cieslak et al. (2012)
on supplementation of 140 g Vaccinium vitis idaea
extract equivalent to 2 g tannins’kg DM in Polish
Holstein Friesian dairy cows. Jayanegara et al.
(2012) proposed two mechanisms of tannins action
on CH, production: 1. by altering rumen microbial
(protozoa and methanogens) growth and 2. by
reducing fibre digestion, which leads to impaired
hydrogen production. In the present study, 25-27.7%
decrease (P < 0.001) in CH, emission was achievable
though supplementation of herbal extracts at 2% of
DMI in Murrah male buffaloes and the findings are
in close agreement with that of Moreira et al. (2013)
who reported 25.7% reduction in CH, emission
after dietary supplementation of 40 g/kg DM of
condensed tannins from Leucaena leucocephala
in the ration of sheep. In our study, the reduction
in ruminal CH, emission was not related to the
decrease in digestibility. Although rumen microbiota
diversity was not assessed in our study but reduced
methanogenesis might be connected with direct
toxic effect of tannins on protozoal and methanogens
population as observed by other researchers (Cieslak
etal., 2012).

The other possible explanation for decreased
methanogenesis was the presence of saponins and
flavonoids in used herbal extracts. P. granatum and
T’ undulata extracts contained 24.4 and 16.5 g of sa-
ponins per kg of DM, respectively. Similarly to tan-
nins, saponins reduce protozoal population, which in
turn leads to decrease in interspecies H, transfer to
the methanogenic archea associated with protozoa,
resulting in lower methane emission in the ruminants
(Jayanegara et al., 2012). Flavonoids are benzo-1-py-
rone derivatives with anti-inflammatory, antioxidant
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and antimicrobial properties (Harborne and Williams,
2000) and potential of flavonoid rich plant extracts
(P. granatum, Betula scmidtii, Ginkgo biloba, Ca-
mellia japonica and Cudrania tricuspidata) towards
reduction in methane production by 39.6 to 48.8%
without adversely affecting rumen fermentation char-
acteristics at 5% of substrate in vitro (Kim et al., 2015)
exhibited its possibility to act as bioactive regulator in
ruminants. Ehsan et al. (2013) also reported reduction
in CH, production with significant suppression in to-
tal protozoa and methanogen population along with
compromised substrate degradability when used pure
form of flavonoids naringin and quercetin at 4.5%
of the substrate. However supplementation of flavo-
noids at 300 mg/kg DMI protected ruminal acidosis
by increasing number of lactate consuming microbes
(Megasphaera elsdenii) and raised molar proportion
of propionate as well as lowered acetate:propionate
ratio in the rumen of crossbred Holstein Friesian heif-
ers but ADG or feed conversion ratio remained unaf-
fected among control and test groups (Balcells et al.,
2012). As propionate formation and CH, production
are competitive (Cieslak et al., 2012), the reduction
in methanogenesis is obvious with flavonoid supple-
mentation. In the present study, herb extracts were
also rich in flavonoids, as P. granatum and T. undulata
extracts provided flavonoids at the tune of 1130 and
1840 mg/kg DMI to the respective groups. Change
in protozoal and methanogen populations (Baker,
1999) or enhanced propionate formation (Cieslak
et al., 2012) after dietary inclusion of flavonoids can
be attributed to the significant decrease in enteric
CH, emission in this study. Lower rumen protozoal
population could enhance microbial protein synthesis
which promotes production in ruminants by increas-
ing supply of amino acids for absorption in intestine
(Williams and Coleman, 1992).

Performance of animals. Productive perfor-
mance of animals is the prime focus in animal
nutrition studies in addition to control greenhouse
gases while supplementing herbal feed additives in
ruminant ration. Enteric methane emission represents
loss of energy which should otherwise be used
in the process of muscle and milk production in
ruminants (Aby et al., 2013). After dietary inclusion
of P. granatum or T undulata extracts, CH, emissions
(g’kg DML, g/kg DOM intake and g/kg ADG) were
reduced in comparison to control group. The CH,
energy loss as % of GE intake was 6.4% for herb
extract supplemented groups whereas 9.5% in the
control group. Supplementing herb extracts into diet
could provide an additional 800-820 KJ of energy/
animal/day by considering 55.85 KJ of GE per g of

CH, (Brouwer, 1965). Further, slightly higher DMI
and herb supplementation itself resulted in higher
energy intake by 6400 and 5100 KJ/animal/day in
P granatum and T. undulata extracts fed groups,
respectively. The energy gained due to decrease in
CH, emission and higher DMI on supplementation
of herb extracts resulted in better performance of
animals.

Improved average daily weight gain in P gra-
natum extract supplemented group in comparison to
T undulata fed group was attributed to their higher
energy balance. Considerable antibacterial, immu-
nomodulatory, antiatherosclerotic and antioxidant
capacities demonstrated potential of P granatum
peel to enhance weight gain and health benefits with-
out any adverse effects in ruminants and may yield
animal products with higher antioxidants properties
(Shabtay et al., 2008). Dietary supplementation of
Karadi lambs with 1% P. granatum peels promoted
an increase in feed intake, nutrient digestibility and
weight gain due to its low to moderate tannin con-
tent whereas depression in digestibility and ADG
was observed at 4% inclusion level of P granatum
peels (Sadq et al., 2016). Tannins are toxic at higher
levels and lead to inactivation of rumen microbial
enzymes with compromised digestibility (Barry and
McNabb, 1999; Majewska et al., 2017) whereas at
low and moderate level (2045 mg/g DM) improved
production efficiency in ruminants without affecting
DMI, hence resulted in increase in weight gain and
milk yield (Aerts et al., 1999). The dietary inclusion
of 5% green tea by-product (containing condensed
tannins (CT) 12.5 glkg DM) with 0.5% bio-char im-
proved average daily weight gain by 20.4% in beef
cattle without affecting feed intake and nutrient di-
gestibility (Khoa et al., 2018). Similarly, Dey and
De (2014) reported significantly higher milk yield
when supplementing diet with 1.5% CT through
Ficus bengalensis leaves without affecting DMI
and digestibility of nutrients among crossbred
cows. Addition of saponins through Saponaria offi-
cinalis root at a dose of 440 g/day or 660 g/day in
dairy cattle positively alter volatile fatty acid pro-
duction which resulted in improved energy balance
and consequently milk yield in experimental groups
(Szczechowiak et al., 2016). In addition, dietary in-
clusion of flavonoids could positively affect ruminal
fermentation, which in turn leads to higher milk yield
in dairy cows (Theodorou et al., 1994). Broudiscou
et al. (2002) observed that the flavonoid containing
leaves (Achillea millefolium, Arnica chamissonis and
Lavandula angustifolia) extracts at 15 g/kg of dietary
DM had variable impact on efficiency of microbial
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protein synthesis in continuous culture system and
this variation in results may correspond to the type
and concentration of the flavonoids present in dif-
ferent plant extracts. The difference in performance
of animals in control and experimental groups and
even within P granatum and 1. undulata extracts
supplementing groups could be due to the presence
of different plant secondary metabolites, their con-
centration and interaction within the system. So, the
obtained results confirmed our hypothesis regarding
potential PSMs towards CH, mitigation and produc-
tive performance of animals but without compromis-
ing digestibility.

Conclusions

The present study revealed that dietary inclu-
sion of Punica granatum and Tecomella undulata
extracts at 2% of dry matter intake of total mixed
ration (roughage:concentrate ratio 65:35) resulted
in methane mitigation in vivo by 25 to 27.7%. The
energy gained from decrease in methane emission,
slightly higher gross energy intake after supplemen-
tation of herbal extracts resulted in increased body
weight gain. Therefore, the study established that the
supplementation of diet with herbal extracts can help
in ameliorating enteric methane production, thereby
improving the growth performance in ruminants.
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