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Abstract
Guava leaves (Psidium guajava, GL), a high-phenolic- and flavonoid-containing plant resource capable of substituting the high-
quality forage, may help in mitigating ruminal methane (CH4) emission without adverse impact on nutrient degradability if
supplemented at an appropriate level. In order to test this hypothesis, rumen fermentation, CH4 production, and nutrient degrad-
ability of GL either solely or as a substitute of berseem hay (Trifolium alexandrinum, BH) were evaluated in a diet containing
50:50 concentrate to roughage. Five different levels of GL (0, 12.5, 25, 37.5, and 50%) were tested in vitro after 24 h incubation
using a semi-automated gas production (GP) system. The current findings indicated that merely the presence of GL resulted in
significantly lower values for cumulative GP (P < 0.001), CH4 emission (P < 0.05), truly degraded dry matter (TDDM;
P < 0.001), truly degraded organic matter (TDOM; P < 0.001), and ammonia nitrogen (NH3-N) concentration (P < 0.001);
however, pH (P < 0.001) and partitioning factor (P < 0.001) were higher. The total and individual volatile fatty acid (VFA)
concentrations were drastically declined with GL as compared to BH (P < 0.05). A negative linear correlation was recorded
between the levels of GL and GP including CH4 production (P < 0.05). The addition of GL up to 25% did not pose any negative
effect on both TDDMand TDOMvalues alongwith NH3-N concentration. In addition, the inclusion of GL up to 25% did not affect
the total or individual VFA concentration. Conclusively, in a medium concentrate diet, use of 25% GL and 25% BH in animal diet
could be a promising alternative for mitigating the CH4 production without any deleterious effect on nutrient degradability.
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Introduction

In most of the tropics as well as sub-tropics, high-quality for-
age (i.e., berseem or clover hay) is considered as the main
livestock diet during the dry season. Unfortunately, due to
the high methanogenic potential (Adjorlolo et al. 2016), it
significantly contributes to the global warming by producing
up to 18% of the anthropogenic greenhouse gases,
representing 37% of the total anthropogenic methane

(CH4) emission (FAO 2006). In addition, unwanted emission
of CH4 may account up to 12% loss of the gross energy of
feeds (Eckard et al. 2010). Currently, various CH4 mitigation
strategies in ruminants are being explored worldwide by nu-
tritionists in order to achieve economic as well as environmen-
tal benefits. For instance, essential oils, saponins, condensed
tannins, nitrates, and sulfates have been assessed to alleviate
the CH4 production in vitro and in vivo (Patra and Yu 2014;
Wu et al. 2015).

In the previous studies, direct inclusion of plants containing
tannins in ruminant diets efficiently lowered the CH4 emission
(Tiemann et al. 2008; Hariadi and Santoso 2010).
Furthermore, these tannins have been reported to be associat-
ed with reduced ruminal degradation of proteins and carbohy-
drates (Ramírez-Restrepo et al. 2004), increased microbial
protein synthesis (Hernández et al. 2014), increased nitrogen
retention, reduced urinary N2O emission, and fiber fermenta-
tion (Soltan et al. 2013). However, a major drawback of
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implementing diets with tannin-rich plants aimed at reducing
CH4 emissions is often associated with a decline in the digest-
ibility of the feeds along with lower productivity of the ani-
mals (Waghorn 2008). Guava (Psidium guajava) is an impor-
tant fruit crop and medicinal plant belonging to the genus
Psidium of the Myrtaceae family (Gutiérrez et al. 2008).
Flavonoids and tannins are the predominant polyphenolic
compounds in guava leaves (GL) (Badan 2004).

To the best of our knowledge, there is no report regarding
the optimal proportion of GL that could limit methanogenesis
without deterring the nutrient digestibility toward achieving
economic and environmental goals as well. Therefore, it was
postulated that the understanding of gas production kinetics
and nutrient degradability is very vital to obtain the optimal
concoction of Trifolium alexandrinum (berseem hay; BH) and
GL in total mixed ration (TMR) to justify more suitably bal-
anced diets along with alleviating the negative impact of CH4

production. We hypothesized that GL, at a proper level, could
help in reducing ruminal CH4 emission without adverse im-
pact on nutrient degradability. Hence, the study was aimed at
assessing the effect of replacement of the high-quality forage
(i.e., BH) by different levels of GL in a medium concentrate
ration on CH4 emission, true degradation of dry matter (DM),
organic matter (OM), and microbial efficiency via an in vitro
gas production system.

Materials and methods

The present study was accomplished at the Advanced
Laboratory of Animal Nutrition, Department of Animal and
Fish Production, Faculty of Agriculture (El-Shatby),
Alexandria University. All the experimental procedures in-
cluding test animals followed the scientific and ethical regu-
lations recommended by the EEC Directive of 1986 (86/609/
EEC). The experimentation guidelines of the Internal
Commission for Environmental and Ethics of Alexandria
University approved all protocols involving animals.

Experimental forages and proximate analysis

The guava leaves were collected from a private orchard in
Alexandria, dried at 50 °C in a vacuum oven for 48 h, finely
powdered in a Willey mill (1 mm), and stored in a tightly closed
container. Berseem hay (T. alexandrinum, BH) was used as the
reference forage because it is a high-quality forage and it is a
popular conventional roughage source (Sallam 2005).

The browses and experimental diet were analyzed for dry
matter (DM), organic matter (OM), crude protein (CP), and
ether extract (EE) according to the Association of Official
Analytical Chemists (AOAC 2006). Neutral detergent fiber
(NDF), acid detergent fiber (ADF), and acid detergent lignin
(ADL) were determined according to Van Soest et al. (1991)

using an ANKOM 220 fiber analyzer (ANKOM Technology
Corporation, Macedon, NY, USA). The NDF analysis was
accomplished with the addition of thermostable α-amylase.
Besides, the samples were also analyzed for tannins (TT),
condensed tannins (CT), and total phenols (TP). The TPs were
determined with the Folin-Ciocalteau reagent using tannic ac-
id as standard (Makkar et al. 1993). The TTs were estimated as
the difference between TPs (measured by Folin-Ciocalteau
reagent) before and after tannin removal by insoluble
polyvinylxpolypyrrolidone (PVPP) (Makkar et al. 1995).
The HCl-butanol method was used for the quantitation of
CTs and the data were expressed as leucocyanidin equivalent
(Makkar 2003). The aluminum chloride colorimetric method
was adopted for evaluating the total flavonoids content
(Chang et al. 2002).

Animal donors and inoculum preparation

Four adult rumen-cannulated Barki sheep with an average
body weight of 49.0 ± 2.3 kg were used as inoculum donors.
The animals were fed on BH ad libitum and 750 g commercial
concentrate mixture per day. All the animals had free access to
a mineral premix and fresh water. The animals had never been
in contact with guava leaves before. The proximate analysis of
the concentrate mixture was 895, 145, 27, 382, and 226 g/kg
for OM, CP, EE, NDF, and ADF, respectively. Before feeding
in the morning, both solid and liquid rumen contents were
collected separately via cannula using a stainless steel probe
(2.5-mm screen) attached to a large-capacity syringe. Liquids
and solids were transferred in pre-warmed (39 °C) insulated
flasks and incubated under anaerobic conditions. The pooled
rumen contents (50:50 v/v) were squeezed through a four-
layered cheesecloth and further incubated in a water bath at
39 °C saturated with CO2 until further inoculation.

Experimental design and in vitro gas production
assay

The GLs were tested as a substrate either alone or in combi-
nation of medium concentrate diet (50:50; concentrate rough-
age ratio) at different substitution levels of BH. The experi-
mental diets were GL as a sole substrate, BH as a sole sub-
strate, control group (GL0, 50% BH + 50% concentrate),
GL12.5 group (12.5% GL + 37.5% BH + 50% concentrate),
GL25 group (25% GL + 25% BH + 50% concentrate),
GL37.5 group (37.5% GL + 12.5% BH + 50% concentrate),
and GL50 group (50% GL + 50% concentrate). The concen-
trate mixture was comprised of (g/kg) yellow corn (200),
wheat bran (125), soybean meal (50), crushed horsebean
(107.5), limestone (10), salt (5), and minerals and vitamin
mixture (2.5).

The in vitro gas production assay was executed via a semi-
automated system (Mauricio et al. 1999) using a pressure
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transducer and data logger (GN200, Sao Paulo, Brazil) in
120-mL serum bottles incubated at 39 °C for 24 h. The ground
samples (0.3 g as-fed) were incubated with 15 mL mixed rumen
fluid and 30 mL MB9 incubation medium. The MB9 media
contained NaCl 2.8 g, CaCl2 0.1 g, MgSO4·7H2O 0.1 g,
KH2PO4 2.0 g, and Na2HPO4 6.0 g per liter. The pH was adjust-
ed to 6.8 and CO2 was flushed for 30 min (Onodera and
Henderson 1980). The bottles were closed with rubber stoppers,
manually shaken, and incubated at 39 °C. The gas headspace
pressure readings were taken at 6, 12, and 24 h of incubation
using a pressure transducer. The amount of gas production (GP)
at each interval was estimated according to the regression equa-
tion gas volume on pressure obtained and conditioned in our
laboratory from 500 samples (unpublished data). The GP was
calculated by the following equation:

V ¼ 4:974 12� pþ 0:171 n ¼ 500; r2 ¼ 0:98
� �

where V is gas volume (mL) and p is measured pressure (psi).
TheGPwas repeated thrice and bottles in each runwere included
as four blank bottles (only buffered rumen fluid without sub-
strate) and six bottles for each sample. The gas values were
expressed as milliliters per gram of incubated DM or TDOM.

The CH4 emission and analyses

For CH4 analysis, the corresponding gas samples were collected
from the bottles by a 1.5-mL syringe and transferred in vacation-
er tubes (5 mL) at 6, 12, and 24 h incubation. The CH4 was
determined by gas chromatography (Model 7890, Agilent
Technologies, Inc., CO, USA) with three valve systems using
1/8-in. packed columns having early back flush of the C6 com-
ponents and equipped with a thermal conductivity detector. The
separation was accomplished using the micro packed column,
with the helium as a carrier gas and at a flow rate of 28.0 mL/
min. The detector and column temperatures were 250 and 60 °C,
respectively. The test of linearity and calibration were achieved
using a standard gas curve in the range of possible concentrations
of the samples. The CH4 production at the end of incubation was
calculated as follows:

CH4 mLð Þ ¼ total gas volumeþ headspaceð Þ
� CH4 concentration:

Net GP and CH4 were corrected for the corresponding
blank values.

Determination of true nutrient degradation,
partitioning factor, ammonia-N, protozoa count,
and volatile fatty acids

At the end of incubation (24 h), the contents of three bottles
were used for the establishment of true degradability of dry

matter (DM) and OM (TDDM, TDOM) with 50 mL neutral
detergent solution and refluxed for 3 h at 105 °C. The residual
DM and ash were estimated according to Blümmel et al.
(1997). The contents of another three bottles were used for
determining the NH3-N concentration, volatile fatty acids
(VFAs), and protozoa count. The protozoa were counted mi-
croscopically, after sample preparation according to Kamra
et al. (1991). Ammonia concentration was colorimetrically
analyzed using a commercial kit manufactured by
Biodiagnostic Company, Egypt.

The VFAs were determined according to the method of
Palmquist and Conrad (1971) by acidifying 1mL of the rumen
samples with 200 μL meta-phosphoric acid 25% (w/v) in
microcentrifuge tubes and refrigerated for future analysis.
The samples were later defrosted and centrifuged at
30,000×g (15,000 rpm, JA–17 rotor) for 20 min. The super-
natant was transferred to GC vials for VFA analysis using a
gas chromatograph (GC Thermo TRACE 1300) with an in-
jection temperature at 220 °C and a capillary column (TR-
FFAP 30 m × 0.53 mm ID × 0.5 μm film (thermo-part NO:
260N225P)). The column temperature was increased from
100 to 200 °C at a rate of 10 °C/min. The carrier gas nitrogen
was set at a flow rate of 7 mL/min. The temperature of the
flame ionization detector (FID) was set at 250 °C. Gas flow air
was 450 mL/min, hydrogen 40 mL/min, and make-up gas
35 mL/min. The VFA of known concentrations was used as
a standard for calibration, and no internal standard was used.

The partitioning factor (PF) was calculated as the ratio of
TDOM (mg) to gas volume (milliliters in 24 h) (Blümmel
et al. 1997).Microbial protein (MP) productionwas calculated
as 19.3 g microbial nitrogen per kilogram OMD following
Czerkawski et al. (1986). The volume of hexoses fermented
(HF) was determined using the formula of individual VFA
(Demeyer and Van Nevel 1975) as follows:

HF ¼ C2 þ C3ð Þ=2þ C4 þ C5

where C2, C3, C4, and C5 represent millimoles per liter of
acetate, butyrate, propionate, and valerate, respectively.

Statistical analyses

The in vitro assay was statistically analyzed by the generalized
linear model procedure, and the following model was
proposed:

Y ij ¼ μþ Ti þ eij

where μ is the overall mean, Ti is the treatment, and eij is the
random error term. The contrast statement was used to deter-
mine the linear, quadratic, and cubic variable response to in-
creasing levels of GL in the diet. The differences between the
treatments were proclaimed to be significant (P < 0.05) by
Tukey’s correction for multiple comparisons.
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Results

Chemical composition, nutrient degradation, and gas
production

The CP content was 158.9 and 186.8 g/kg DM for BH and
GL, respectively. The GL had lower cellulose and hemicellu-
lose contents (19.64 vs. 26.73; 5.80 vs. 20.11, respectively),
but higher ADL (17.13 vs. 7.18) compared to the BH. The GL
was rich in TP (138.50 eq-g tannic acid/kg DM), TT
(54.20 eq-g tannic acid/kg DM), CT (8.60 eq-g
leucocyanidin/kg DM), and flavonoids (8.40 mg/kg DM).
Thus, replacement of BH by gradually increasing levels of
GL was directly proportional to the proximate analysis and
tannin content of experimental diets (Table 1).

By comparing GL alone to BH, the values of cumulative
GP (expressed per unit of DM or TDOM), TDDM, and
TDOM were significantly reduced with the presence of GL
by 56, 70, 32, and 35%, respectively, whereas the partitioning
factor value was significantly (P < 0.001) elevated by 238%
compared to the respective values in the presence of BH
(Table 2).

When GL was incubated with TMR, GP (mL/g TDOM or
DM) was decreased in a linear manner (P < 0.001) (Table 2).
The percent reduction recorded in the GP (mL/g DM) for
GL12.5, GL25, GL37.5, and GL50 in comparison to control
(GL0) was 13.9, 29.4, 37.6, and 49.1%, respectively. The
inclusion of GL at 37.5 and 50% levels caused a significant
linear (P < 0.05) drop in both TDDM and TDOM values
against the control, whereas at 25 and 50% levels, no signif-
icant changes were observed. The partition factor (mg

TDOM/mL GP) exhibited a substantial linear rise
(P < 0.001) with the inclusion of 25, 37.5, and 50% of GL in
a medium concentrate diet.

CH4 emission and fermentation products

The GL as a sole substrate was able to reduce the CH4 emis-
sion significantly (P < 0.05) on TDOM and DM basis by 58
and 35%, respectively, compared to BH; however, when the
reduction was expressed per 100 mL volume of the mixed GP,
it was non-significant (P = 0.132) (Table 3). Likewise, the
NH3-N concentration also declined linearly (P < 0.05) by
33% relative to the respective values with BH. Conversely,
the pH values were significantly (P < 0.05) higher in GL than
BH. Nevertheless, the protozoal count did not show any sig-
nificant difference between the two substrates (P = 0.155).

Supplementation of GL in a medium concentrate diet at 25,
37.5, and 50% levels led to a significant linear (P < 0.05)
decline in CH4 production by 26.8, 46.3, and 57.7% on
TDOM basis and by 20.8, 40.3, and 53.7% on DM basis
compared to the GL0 group (Table 3). Nonetheless, a notable
rise in the pHwas recordedwith the GL37.5 and GL50 groups
compared to the GL0 group (P < 0.05). However, no linear,
quadratic, or cubic differences (P > 0.05) were recorded in
protozoal count irrespective of the levels of GL included
(Table 3).

The GL as a sole substrate led to a significant (P < 0.05)
decline in the total VFA content along with the individual
concentration of acetate, propionate, butyrate, and valerate
by 45.5, 43.4, 39.2, and 62.563% compared to BH. No sig-
nificant difference was recorded in the acetate to propionate

Table 1 Chemical composition
of berseem hay (BH), guava
leaves (GL), and experimental
diets (percentage on dry matter
basis)

Experimental dietsa

BH GL GL0 GL12.5 GL25 GL37.5 GL50

Organic matter, % 86.06 89.68 89.61 90.28 91.38 92.05 92.59

Crude protein, % 15.89 18.68 17.00 17.34 17.69 18.04 18.39

Ether extract, % 2.69 3.43 3.97 3.61 4.09 4.35 3.98

Neutral detergent fiber, % 54.02 42.57 50.63 45.21 43.90 41.78 40.64

Acid detergent fiber, % 33.91 36.77 20.61 22.39 23.35 24.38 24.36

Acid detergent lignin, % 7.18 17.13 4.34 5.06 9.11 6.82 12.25

Cellulose, % 26.73 19.64 16.27 17.33 14.24 17.56 12.11

Hemicellulose, % 20.11 5.80 30.02 22.82 20.55 17.40 16.28

Ash, % 13.94 10.32 10.39 9.72 8.62 7.95 7.41

Total phenol (eq-g tannic acid kg DM) 19.00 138.50 72.20 29.80 36.63 54.18 110.92

Total tannins (eq-g tannic acid kg DM) 2.50 54.20 1.40 12.60 15.61 38.65 46.58

Condensed tannins (eq-g
leucocyanidin/kg DM)

0.20 8.60 0.09 1.60 2.40 3.14 3.10

Flavonoids (mg/kg DM) 1.31 8.40 1.10 0.84 2.10 4.20 5.63

aGL0 = 50% BH + 50% concentrate, GL12.5 = 12.5% GL + 37.5% BH + 50% concentrate, GL25 = GL12.5 =
25%GL + 25%BH+ 50% concentrate,GL37.5 = 37.5%GL + 12.5%BH+ 50% concentrate,GL50 = 50%GL +
50% concentrate
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ratio (P = 0.419; Table 4). In the same line, the incubation of
GL with TMR at 37.5 and 50% levels showed a significant

decrease in total VFA, acetate, and valerate concentration
(Table 4).

Table 2 Effect of substituting berseem hay (BH) by guava leaves (GL) on gas production within 24 h, feed degradability, and partitioning factor

Gas production TDDM (g/100 g) TDOM (g/100 g) Partitioning factor (mg
TDOM/mL gas)

mL/g DM incubated mL/g TDOM

BH and GL evaluation

BH 113.86 a 174.06 a 68.07 a 63.42 a 2.49 b

GL 50.22 b 57.95 b 46.05 b 41.54 b 8.41 a

SEM 7.47 19.27 3.39 3.36 1.01

P values < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

Substitution level of BH by GL

GL0 149.25 a 194.19 a 77.19 a 74.15 a 2.40 d

GL12.5 128.54 b 177.75 ab 73.89 ab 70.88 ab 2.68 cd

GL25 105.33 c 145.30 bc 71.15 ab 68.48 ab 3.56 bc

GL37.5 93.06 d 141.06 c 67.89 b 65.83 b 3.65 ab

GL50 75.90 e 111.93 c 67.07 b 65.46 b 4.60 a

SEM 3.93 6.62 1.36 1.31 0.18

P values

Linear < 0.001 < 0.001 0.007 0.018 < 0.001

Quadratic 0.103 0.936 0.969 0.953 0.448

Cubic 0.439 0.765 0.678 0.600 0.542

Means in the same column bearing different letters differ significantly (P < 0.05)

DM dry matter, SEM standard error of the mean, TDDM truly degraded dry matter, TDOM truly degraded organic matter

Table 3 Effect of substituting berseem hay (BH) by guava leaves (GL) on methane, ammonia formation, and protozoal count

Methane production within 24 h NH3-N (mg/100 mL) Protozoa (105/mL) pH

mL/100 mL total gas mL/g DM incubated mL/g TDOM

BH and GL evaluation

BH 10.01 17.39 a 27.05 a 35.85 a 6.30 6.23 b

GL 7.51 7.24 b 17.49 b 24.10 b 4.80 6.53 a

SEM 1.26 2.93 4.01 1.99 0.56 0.05

P values 0.132 0.004 0.034 < 0.001 0.155 < 0.001

Substitution level of BH by GL

GL0 12.22 a 26.25 a 34.73 ab 37.11 a 6.40 6.07 b

GL12.5 13.31 a 26.01 a 36.17 a 34.49 abc 5.90 6.13 ab

GL25 11.77 a 19.22 b 27.51 bc 36.24 ab 6.70 6.14 ab

GL37.5 8.41 b 14.09 bc 20.75 cd 31.73 bc 5.60 6.30 a

GL50 7.75 b 11.11 c 16.32 d 30.48 c 6.60 6.27 a

SEM 0.95 2.06 2.63 0.87 0.54 0.02

P values

Linear 0.045 0.003 0.005 0.008 0.981 0.001

Quadratic 0.500 0.806 0.624 0.599 0.822 0.961

Cubic 0.425 0.512 0.465 0.845 0.847 0.355

Means in the same column bearing different letters differ significantly (P < 0.05)

DM dry matter, SEM standard error of the mean, TDOM truly degraded organic matter
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Estimated parameters

The sole presence of GL resulted in the lowering of the overall
predictive MP and HF values (P < 0.05) by 24 and 64%,
respectively, compared to BH. Similarly, the linear decline
(P < 0.001) in MP was also evident with inclusion of GL at
37.5 and 50% levels. However, the predicted HF value did not
alter at any of the GL substitution levels (Table 5).

Discussion

Several studies have scrutinized various tannin-containing
plants for inhibiting the CH4 production (Bhatta et al. 2012;
Soltan et al. 2012). However, little information is available
about the anti-methanogenic action of GL when combined
as a part of the complete diet. There is a need to determine
appropriate levels of GL to achieve an optimal effect on
preventing enteric CH4 production with a trivial adverse effect
on rumen fermentation.

The GL had a higher content of CP, TP, TT, and CT but
lower cellulose and hemicellulose contents compared to BH,
which are consistent with the previous report (Ngamsaeng
et al. 2006). In the current study, it was also reported that the
replacement of BH in a medium concentrate ration, by in-
creasing levels of GL, exhibited similar variations in the prox-
imate analysis and tannin content of experimental diets.

In the present investigation, a significant dwindling effect
on GP was shown by the presence of GL alone or in

Table 4 Effect of substituting
berseem hay (BH) by guava
leaves (GL) on volatile fatty acids

Volatile fatty acids (mmol/L incubation fluid) C2/C3 ratio Total

Acetate Propionate Butyrate Valerate

BH and GL evaluation

BH 34.20 a 14.96 a 8.54 a 1.14 a 2.34 58.84 a

GL 19.36 b 9.10 b 3.20 b 0.42 b 2.12 32.09 b

SEM 3.46 1.58 1.27 0.17 0.12 6.34

P values 0.002 0.042 0.006 0.008 0.419 0.005

Substitution level of BH by GL

GL0 23.10 a 7.67 6.34 0.70 a 3.01 37.81 a

GL12.5 17.90 ab 7.57 4.15 0.49 ab 2.92 30.10 ab

GL25 18.98 ab 7.43 7.28 0.59 ab 2.80 34.29 ab

GL37.5 13.68 b 6.63 3.47 0.41 b 2.09 24.20 b

GL50 12.78 b 4.90 4.65 0.40 b 2.60 22.72 b

SEM 1.11 0.50 0.58 0.04 0.22 1.84

P values

Linear 0.001 0.807 0.222 0.017 0.329 0.002

Quadr-
atic

0.239 0.965 0.121 0.612 0.765 0.874

Cubic 0.111 0.970 0.788 0.473 0.479 0.736

Means in the same column bearing different letters differ significantly (P < 0.05)

C2/C3 ratio acetate-to-propionate ratio, SEM standard error of the mean

Table 5 Predicted parameters for berseem hay (BH), guava leaves
(GL), and substitution levels of BH by GL

MP HF

BH and GL evaluation

BH 83.33 a 34.20 a

GL 63.48 b 17.86 b

SEM 2.34 3.88

P values < 0.001 0.004

Substitution level of BH by GL

GL0 143.11 a 22.43

GL12.5 136.79 ab 17.38

GL25 132.16 ab 21.08

GL37.5 127.05 b 14.05

GL50 126.33 b 13.88

SEM 2.52 1.17

P values

Linear 0.018 0.804

Quadratic 0.599 0.450

Cubic 0.876 0.613

Means in the same column bearing different letters differ significantly
(P < 0.05)

MP microbial protein (g/kg DOM), HF hexoses fermented (mmol/L in-
cubation fluid), SEM standard error of the mean
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combination (37.5 and 50%GL) in TMR diets as compared to
BH. This was largely attributed to the high level of TP, CT,
and flavonoids in GL. Tiemann et al. (2008) reported that the
magnitude of the effect of tannin-containing plant species on
rumen fermentation varies according to their chemical com-
position. Furthermore, Hassen et al. (2016) reported that
in vitro gas production was reduced up to 20, 15.5, and
7.3% when Acacia luederitzii (high tannin), A. haematoxylin
(moderate tannin), and A. mellifera (low tannin) were used as
the substrate.

Here, a notable decline in both TDDM and TDOM was
recorded with the presence of GL alone or at 37.5 and 50%
level in TMR diets, whereas the PF value was significantly
elevated with an increasing GL level. This effect could also be
associated with the capability of CT of GL to interfere with
microbial attachment to feed particles that subsequently
caused a deleterious impact on the microbial population
inhibiting ruminal fermentation to a certain extent
(McSweeney et al. 2001). Jayanegara et al. (2011) found that
the degradability of OM was negatively correlated with TT,
CT, and hydrolyzable tannin concentration. This was more
evident when the effect of different levels of GLwas evaluated
(37.5 and 50% GL) for TDDM and TDOM in the mixed
ration.

PF is often used as an indicator of microbial protein syn-
thesis efficiency (Sallam et al. 2010). In the current study, the
PF value was significantly higher in GL (8.41) than AF (2.49).
The previous reports stated that the PF of feedstuffs can sup-
posedly vary from 2.75 to 4.41, reflecting the ATP yield of 10
to 40 (Blümmel et al. 1997). The sharp increase in PF of GL
might be because the tannin compounds formed complexes
with proteins, which were largely insoluble in neutral deter-
gent solution and may contribute to the non-degradable frac-
tion (Makkar et al. 1997). However, the PF values ranged
from 2.40 to 4.60 with the rising substitution levels of GL
for BH in a complete diet, which is similar to natural levels
of feedstuffs largely.

A significant (P < 0.05) drop was observed in CH4 produc-
tion with GL alone or at 25 to 50% level in TMR diets.
Similarly, it was demonstrated that ethanol extract of GL
strongly inhibited in vitro methanogenesis (Kamra et al.
2006). It was also reported that GL possesses low methano-
genic potential in vitro (Chatterjee et al. 2014). This could be
attributed to the high TP, CT, and flavonoids of GL, which is
potentially important in limiting in vitro fermentation (Huang
et al. 2010; Hassen et al. 2016). The inhibition of
methanogenesis has also been reported to be linked with high
concentrations of TT, TP, and CT of GL (Pal et al. 2015).

It was supposed that rumen methanogenesis was probably
reduced due to the direct effect of tannins on methanogenic
Archaea activity and an indirect effect via fiber digestion
(Tavendale et al. 2005). In this study, GL showed low degra-
dation of organic and dry matter, which could be due to the

reduced population of cellulolytic bacteria (McSweeney et al.
2001), and/or corrupted bacterial sticking to the substrate and
fibrolytic action of rumen microbes (Bento et al. 2005). Jones
et al. (1994) observed an inhibition in the growth of
Butyrivibrio fibrisolvens bacteria, which also contribute to
fiber degradability, as affected by CT.

In the present study, the reduction in NH3-N concentration
caused by the presence of GL alone or at 37.5 and 50% level
in the diet is consistent with the earlier findings (Bhatta et al.
2009; Pellikaan et al. 2011). During rumen fermentation, am-
monia is produced from amino acid deamination (Van Soest
1994). The protein binding activity of CT from GL with the
subsequent formation of CT-protein complexes could possibly
be accountable for the reduced proteolysis to yield ammonia
(Pal et al. 2015). The pH values were significantly higher in
GL than BH, and this could be associated with the decline of
GP, TDDM, TDOM, and VFA (Meng et al. 2016).

No significant changes were detected in the protozoal
count either by GL alone or with different levels in the com-
plete diet. It is a well-known fact that rumen ciliate protozoa
are strong hydrogen-producing microorganisms (Jouany and
Lassalas 2000), and therefore, more CH4 is generated when
protozoa are found in the rumen. In the current report, though
protozoal count did not change (P > 0.05), CH4 emission was
suppressed. The absence of any correlation between protozoal
population and CH4 production has also been reported earlier
(Goel et al. 2007). The explanation for this lack of correlation
is yet to be elucidated, although it has earlier been reported
(Kamra 2005) that plant secondary metabolites may differ in
their anti-protozoal and anti-methanogenic activities. Hence,
the relationship between protozoal count and rumen fermen-
tation pattern may probably be attributed to both type of diet
and protozoal species (Krzywiecki et al. 2006).

In the current study, the presence of GL alone or at 37.5 and
50% level in the diet significantly reduced the total VFA con-
tent including the individual fraction of acetate and valerate.
Similarly, Martınez et al. (2006) and Getachew et al. (2008)
demonstrated that total VFA concentration, when quebracho
tannins were supplied, was at 50 g/kg DM in batch culture
fermentation relative to the control. The total VFA response
is possibly related to the reduction in GP as various studies
confirmed a close association between VFA and GP in vitro
(Wu et al. 2016; Russo et al. 2017).

In the current research, the presence of free GL had a sig-
nificant dwindling effect on the MP production and the
amount of theoretically calculated HF relative to BH. The
decline in HF is possibly linked to the coating of CT to the
carbohydrate molecules (Barahona et al. 2003). In line with
these findings, Pal et al. (2015) elucidated that microbial bio-
mass production was lowest for GL among other tropical tree
leaves. In several reports, tannins have been well documented
for their inhibitory activity on feed digestion, microbial
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population, and enzyme activity (Patra and Saxena 2011); this
could also be a possible explanation to the depletion of MP.

Conclusions

In the present study, attempts were made to explore the anti-
methanogenic potential of guava leaves in the rumen along
with nutrient digestibility and other vital parameters. Despite
their ability to dwindle CH4 production, use of guava leaves as
such cannot be recommended as a sole feed resource for ru-
minants due to its negative effects on rumen fermentation,
nutrient degradability, and microbial protein synthesis.
Besides, it was unequivocally established that the optimal
proportion of GL that could limit CH4 production without
hindering rumen fermentation and nutrient digestibility is
25% GL and 25% BH in a medium concentrate diet, which
is economic as well as safe to the environment. Furthermore,
the proposed level of GL supplementation is within the rea-
sonable range that could be suitable in vivo. Nevertheless,
further confirmatory and feasibility studies need to be carried
out in order to promote GL at a commercial level.
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