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ABSTRACT

Methane (CH,) production and fermentation of a maize stover-based substrate in response to inclusions of
cinnamon powder (CNP) were evaluated using the in vitro gas technique. Substrate (200 mg) consisting of
maize stover and concentrate in ratio 6: 4 was incorporated with CNP at levels of 0, 15 and 30 mg/g dry matter
(DM) to make three different treatments. These were incubated in vitro in 100 ml glass syringes at 39°C for 48 h
with total gas and CH, production measured. Dry matter degradability (DMD), partitioning factor, microbial
biomass and volatile fatty acids were also determined. Results showed that CNP reduced (P < 0.05) total gas
volume, CH, production and DMD s with the least reduction at 30 mg/g DM inclusion. The partitioning factor
increased (P < 0.05) with inclusion of CNP at both levels of inclusion. It was concluded that, inclusion of
cinnamon powder at 15 and 30 mg/g DM has potentials to reduce CH,4 production in maize-stover based diet.
The higher fermentation efficiency implied that cinnamon powder reduced the amount of gas produced per gram
of substrate degraded which implied better rumen fermentation efficiency.
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INTRODUCTION

Maize stover is one of the abundant crop residues for ruminant feeding, particularly during the dry
seasons (Methu et al., 2001; Tang et al., 2011). Limitations to feeding these fibrous carbohydrates to
ruminants include low digestibility and CH,4-shifted digestion (Gemeda and Hassan, 2015). Ruminants
fed crop residues produce more CH, than those fed high quality forages (Berhanu et al., 2019).
Rumen CH, asides from posing a threat to the environment via increase in greenhouse gas emissions,
also reduces feed energy utilization by ruminants. It accounts for up to 12% loss of dietary gross
energy intake (Chaudhry and Khan, 2012) or up to 15% depending on the diet (Patra et al., 2010).
With the value of crop residues as feed resource for ruminants, it is beneficial to optimize their
utilization by reducing CH,; emission attributed to their digestion within the rumen. Spices are
recognized as potential agents to reduce enteric CH4 emission due to the presence of plant secondary
metabolites which exert antimicrobial activities (Patra et al., 2006; Khan and Chaudhry, 2010;
Chaudhry and Khan, 2012). According to Khan and Chaudhry (2010), they can be used to enhance the
utilization of low quality forages and reduce nutrient wastages by ruminants. This study therefore,
evaluated the effect of cinnamon powder on CH,4 production and rumen fermentation of maize stover-
based diets for ruminants.

MATERIALS AND METHODS

Experimental site

The experiment was conducted at the Animal Nutrition laboratory of the Federal University of
Agriculture, Abeokuta. The area is located in the South-western zone of Nigeria and falls within
Latitude 7°13'23.8" N and Longitude 3°26'25.4" E (Google map, 2018).

Preparation of cinnamon powder

Cinnamon sticks were sourced from a local market within Abeokuta and was ground to pass through 1
mm sieve. Ground samples were stored at room temperature in air-tight glass container for subsequent
use for chemical analysis and for in vitro study.

Experimental diets used as substrate

The substrate degraded consisted of 60% Maize stover and 40% concentrate (DM basis). Cinnamon
powder was included in the substrate as feed additive at varying levels of 0, 15 and 30 mg/g DM to
make three different experimental treatments. The maize stover used was collected from a maize field
after the harvesting of maize grains. Samples (n=3) of the maize stover were chopped, weighed and
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oven-dried at 60°C until constant weight for DM determination and subsequently milled through 1
mm sieve. The compounded concentrate consisted of 44% wheat offal, 38% rice bran, 15% brewers’
dried grain, 2% bone meal and 1% salt. Concentrate samples (n=3) of known weight were similarly
oven-dried for DM determination.

In vitro total gas and CH,4 production measurement

The in vitro total gas production was measured using the in vitro gas technique (Menke and Steingass,
1988). Approximately 200 mg of substrate was weighed into 100 ml glass syringes using ten syringes
per treatment. Each of the syringes were filled with 30 ml inoculum. The inoculum was a mixture of a
medium solution and rumen liquor at ratio 2: 1. The tip of the syringes were fitted and sealed with a
rubber tube to prevent escape of gas. The syringes were incubated at 39°C for 48 h with gas readings
recorded at three hours interval from 0 to 48 h. The incubation procedure was handled under
continuous anaerobic conditions. Four blanks were included in the run to correct for gas production
not arising from feed degradation. Methane was determined (n=4 per treatment) at 48 h incubation
according to Fievez et al. (2005).

Determination of dry matter degraded and fermentation parameters

At 48 h incubation, contents of each syringe (n=6 per treatment) were filtered through Whatman filter
paper (grade 1, 11um pore size). The supernatants were collected into tubes and used for total volatile
fatty acids determination following the titration method of Barnett and Reid (1957). The filtered
residues were oven-dried at 105°C overnight to determine DM degraded. The DM degradability (mg/g
DM) was then calculated as difference between dry matter content of substrate incubated and that of
its residue. Partitioning factor and microbial biomass production were estimated according to
Blummel et al. (1997).

Chemical analysis

Dried samples of maize stover, concentrate, and CNP were analyzed for proximate and fibre
composition following the procedure of AOAC (2000) and Van Soest et al. (1991), respectively.
Metabolizable energy was estimated according to De Boever et al. (1997). Samples of cinnamon
powder were further analyzed for phytochemical constituents such as tannin, saponin, flavonoids,
oxalate, alkaloids and total phenol following standard procedures.

Experimental design and statistical analysis

The experiment was laid out as a completely randomized design. All data were subjected to one-way
analysis of variance (SAS, 2002). Significant differences were accepted at P < 0.05. Significant means
were separated using Duncan multiple range test (SAS, 2002).

RESULTS AND DISCUSSION

Chemical composition of diets used as substrate is presented in Table 1. Maize stover had a high
neutral detergent fibre, acid detergent fibre and low crude protein which is typical of maize stover as
previously reported (Fon et al., 2012). The concentrate with a higher crude protein content served as
an additional source of protein. Phytochemicals in CNP is shown in Table 2. Cinnamon powder
contained a high flavonoids content followed by saponin and tannin. These phytochemicals are plant
secondary metabolites (PSM) described as naturally occurring biochemical compounds in plants and
considered to serve as defense mechanism for plants survival (Bodas et al., 2012).
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Table 1. Chemical composition (%) of experimental maize stover and concentrate

Parameters Maize stover Concentrate
Dry matter’ 38.12 95.43

Crude protein 5.27 15.04
Organic matter 92.20 93.64
Neutral detergent fibre 68.75 51.32

Acid detergent fibre 37.28 23.70

Acid detergent lignin 11.53 8.86
Metabolizable energy (MJ/kg DM)? 12.32 12.68

TOn as-received basis; “Estimated according to De Boever et al. (1997)

Table 2. Phytochemical composition (g/kg) of cinnamon powder

Parameters Concentration
Tannin 56.36
Flavonoids 72.08

Total phenolic acid 44.10

Saponin 60.21

Oxalate 1.45

Alkaloids 32.32

Total gas volume, CH,4 production and DM degradability reduced (P < 0.05) with CNP inclusion in
maize stover-based substrate at both 15 and 30 mg/g DM inclusion levels while total volatile fatty
acids and microbial biomass were unaltered (P > 0.05) compared to the control (Table 3). The
reduction effect suggested inhibition of microbial activity to ferment substrate since gas production in
the rumen is a direct product of substrate fermentation by rumen microbes. Similar reduction effect of
cinnamon on CH4 and DM degradability from wheat-based substrate was reported by Chaudhry and
Khan (2010). The observed reduction effect of CNP was attributed to the antimicrobial properties of
phytochemicals in CNP. Condensed tannins have been reported to reduce methanogenesis through
direct toxic effect on methanogenic archaea (Bodas et al., 2012). Saponin reduction effect on
methanogenesis was linked to inhibition of protozoa activity (Bodas et al., 2012). Antimicrobial effect
of flavonoids on dry matter degradation and methane production in vitro has similarly been reported
(Oskoueian, 2013). A higher (P < 0.05) partitioning factor was observed with increasing levels of
cinnamon powder. Partitioning factor is a measure of fermentation efficiency (Jimenez-Peralta et al.,
2011). This implied that less gas was produced per unit of substrate degraded suggesting better
utilization of organic matter in substrate.

Table 3. In vitro methane production and fermentation of maize stover-based substrate
containing varying levels of cinnamon powder

Levels of CNP in substrate

degraded
Parameters 0 15 30 SEM P-value
In vitro dry matter degraded, mg/g 345.0° 249.2° 236.7° 18.30 0.019
In vitro total gas production, ml/g DM 162.5° 136.7° 124.2° 5.52 0.006
CH, production, ml/g DM 57.5° 29.6" 28.1° 3.63 <0.001
Partitioning factor 3.3° 4.1° 4.5° 0.16 0.034
Microbial biomass production (mg/g 218 184 175 13.42 0.399
DM)
Total volatile fatty acids (mM/100 ml) 12.19 11.41 10.95 0.37 0.394

“PMeans along the same row with different superscripts are significantly different (P < 0.05); CNP: cinnamon powder
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CONCLUSION AND RECOMMENDATION

From this study, 15 and 30 mg of cinnamon powder per gram of maize stover-based substrate reduced
CH, production and dry matter degradation similarly, with no change in total volatile fatty acids and
microbial biomass in vitro. Inclusion level of 15 mg/g DM can therefore be recommended for
mitigating methane production in ruminant diets based on maize stover. However, studies in vivo are
required to confirm the effects of these reductions on animal performance.

REFERENCES

AOAC. 2000. Official Methods of Analysis. The Association of Official Analytical Chemists, 17th Edition
Gaithersburg, MD, USA.

Barnett, J. G. and Reid, R. L. 1957. Studies on the production of volatile fatty acids from grass by rumen liquor
in an artificial rumen. The volatile fatty acid production from grass. J. Agric. Sci. Cam. 48: 315-321.

Berhanu, Y., Olav, L., Nurfeta, A., Angassa, A. and Aune, J. B. 2019. Methane emissions from ruminant
livestock in Ethiopia: promising forage species to reduce methane emissions. Agriculture 9 (6): 130.

Blummel, M., Steingass, H., Becker, K. 1997. The relationship between in vitro gas production, in vitro
microbial biomass yield and N incorporation and its implications for the prediction of voluntary feed
intake of roughages. Br. J. Nutr. 77: 911 — 921.

Bodas, R., Prieto, N., Garcia-Gonzalez, R., Andres, S., Giraldez, F. J., Lopez, S. 2012. Manipulation of rumen
fermentation and methane production with plant secondary metabolites. Anim. Feed Sci. Technol. 176:
78 —93.

Chaudhry, A. S. and Khan, M. M. H. 2012. Impacts of different spices on in vitro rumen dry matter
disappearance, fermentation and methane of wheat or ryegrass hay based substrates. Livest. Sci.146:
84- 90.

De Boever, J. L., Cottyn, B. G., De Brabandar, D. L., Vanacker, J. M. and Boucque, C. V. 1997. Prediction of
the feeding value of maizesilage by chemical parameters, in vitro digestibility and near infra-red
spectroscopy (NIRS). Anim Feed Sci Technol, 66: 211-222.

Fievez, V., Babayemi, O. J. and Demeyer, D. 2005. Estimation of direct and indirect gas production in syringes:
a tool to estimate short chain fatty acid production requiring minimal laboratory facilities. Anim. Feed
Sci. Technol. (123 — 124) 197 - 210.

Fon, F.N. and I. V. Nsahlai. 2012. The in vitro fermentation of maize stover as affected by faecal bacteria
obtained from ungulates. S. Afr. J. Anim. Sci. 42(5): 478-482.

Gemeda, B. S. and Hassen, A. 2015. Methane production of two roughage and total mixed ration as influenced
by cellulase and xylanase enzyme addition. Sci. Agric. 72: 11-19.

Jimenez-Peralta, F. S., Salem, A. Z. M., Mejia-Hernandez, P., Gonzalez-Ronquillo, M., Albarran-Portillo, B.,
Rojo-Rubio, R. and Tinoco-Jaramillo, J. L. 2011. Influence of individual and mixed extracts of two tree
species on in vitro gas production kinetics of a high concentrate diet fed to growing lambs. Livest. Sci.
136: 192-200.

Khan, M. M. H. and Chaudhry, A. S. 2010. Chemical composition of selected forages and spices and the effect
of these spices on in vitro rumen degradability of some forages. Asain-Aust. J. Anim, Sci. 23 (7): 889 —
900.

Menke, K. H. and Steingass, H. 1988. Estimation of the energetic feed value obtained by chemical analysis and
invitro gas production using rumen fluid. Anim. Res. Dev. 28:7-55.

Methu, J. N., Owen, A. L., Abate, A. L. and Tanner, J. C. 2001. Botanical and nutritional composition of maize
stover, intakes and feed selection by dairy cattle. Livest. Prod. Sci. 71: 87 — 96.

Oskoueian, E., Abdullah, N. and Oskoueian, A. 2013. Effects of flavonoids on rumen fermentation activity,
methane production and microbial population. BioMed Res. Int. Article ID 349129, 8 pp

Patra, A. K., Kamra, D. N. and Agarwal, N. 2006. Effect of spices on rumen fermentation, methanogenesis and
protozoa counts in in vitro gas production test. International Congress Series 1293: 176-179.

Patra, A. K., Kamra, D. N. and Agarwal, N. 2010. Effects of extracts of spices on rumen methanogenesis,
enzyme activities and fermentation of feeds in vitro. J. Sci. Food Agric. 2010; 90: 511-520.

SAS. 2002. Statistical analysis system version 9.1. SAS Institute Inc, Cary

Tang, S. X., Li, F. W., Gan, J., Wang, M., Zhou, C. S., Sun, Z. H., Han, X. F. and Tan, Z. L. 2011. Effects of
sown season and maturity stage on in vitro fermentation and in sacco degradation characteristics of
new variety maize stover. Asian-Aust. J. Anim. Sci. 24 (6): 781 - 790

Van Soest, P. J., Robertson, J. B., Lewis, B. A. 1991. Methods for dietary fibre, neutral detergent fibre, and non-
starch polysasccharides in relation to animal nutrition. J. Dairy Sci. 74: 3583 — 3597.

1616



