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Introduction
Fallen leaves of Quercus rugosa are used for food source for 

ruminants at the end of winter when defoliation occurs.1 However, 
fallen leaves from Quercus have high concentrations of structural 
carbohydrates and low dry matter digestibility and crude protein 
content. It has been suggested that to improve the rumen digestion 
of straw fed animals the supplementation with urea and molasses.2,3 
In situ digestion parameters are important characteristics of forage 
digestion in ruminants.4 This study was carried out with the aim to 
determine the effect of the inclusion of urea (0, 2, 4 and 6%) and 
molasses (0, 15, 30 and 45%) to the fallen leaves of Q. Rugosa Née on 
the chemical composition and in situ digestion parameters. 

Materials and methods
The study was carried out in three collection sites; two sites were 

located in the state of Jalisco, Mexico and one y the state of Zacatecas, 
Mexico. Collection of fallen leaves of Quercus was achieved during 
the years 2012 and 2013 during the second week of March. Leaves 
were collected in a plot of about 50m×50m randomly located in 
each collection site. Grinded fallen leaves (1.5kg) were mixed with 
the ingredients for each treatment (4x4=16); first diluted urea with 
10% of water was added to leaves, then the molasses were included 
and completely homogenized the three components of the treatment 
mixtures. Each treatment mixture were ensiled in cylindrical 
laboratory silos made by polyvinylchloride of 5cm in diameter and 
30cm long and sealed in each extreme of the silo. After a period of 
28days, the silos were opened and dried at 60°C. 

Samples were analyzed to determine OM, ash, EE and CP (AOAC, 
1990), NDF and ADF.5 Hemicellulose (NDF - ADF) and OM (DM 
- ash) were determined by difference. The NFC were calculated by 
the equation of Sniffen et al.6 NFC (%)=DM-(CP+NDF+EE+ash). 
The concentration of condensed tannins (CT) was estimated using the 

butanol-HCl method.7 Gas production was determined by the in vitro 
procedure proposed by Theodorou et al.8 Since the in vitro production 
of gas is proportional to the DM degraded, the net yield of gas at 24h 
(ml/700mg) incubation of the substrate was used to calculate the ME 
and IVOMD using the equations proposed by Menke & Steingas.9

The technique of nylon bag10 was used to assess the degradability of 
DM. To determine the parameters of in situ degradability and passage 
rate, the data obtained were processed by the equation proposed by 
Ørskov et al.11 Data was analyzed as one-way analysis of variance in 
a 4x4 factorial arrangement considering the urea (0, 2, 4 and 6%) and 
molasses (0, 15, 30 and 45%) levels as the main effects. The GLM 
procedure of the SAS statistical software (SAS/STAT® User’s Guide 
(8.1 Edition), SAS Inst. Inc., Cary, NC, USA12 was used to compute 
the data. 

Results and discussion
The CP content in fallen leaves significantly increased as the 

addition of urea and molasses increased being the higher treatment-
mixture with 45% molasses and 6% urea (Table 1). Conversely, 
Vallejo-Solís13 argued that The CP content in fallen leaves of native 
trees and shrubs was reduced as molasses augmented in diets. In this 
study, NDF and ADF were significantly reduced as the addition of 
urea and molasses increased. Araiza-Rosales et al.4 reported similar 
tendency in reduction of structural carbohydrates. In this study, the 
NFC content significantly diminished as the addition of urea and 
molasses increased. In general, as the percentage of urea and molasses 
increased the ME, NEl and SCFA contents in treated fallen leaves, 
significantly augmented (Table 1). 

In general, as the in situ digestibility parameters a, b and a+b 
significantly augmented as the addition of urea and molasses 
increased in fallen leaves of Quercus (Table 2). Similar findings 
were observed by Araiza-Rosales et al.4 when corn silage was added 
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Abstract

The aim of the study was to determine the effect of the use of urea (0, 2, 4 and 6%) or 
molasses (0, 15, 30 and 45%) on the nutritive value of leaves of Quercus rugosa Née. 
The in situ digestibility of dry matter was also estimated. The metabolizable energy 
(ME), net energy of lactancy (NEl), the organic matter digestion coefficient (OMD) 
and short chain volatile fatty acids (SCFA) were determined from data of the in vitro 
gas production technique. Leaves were collected from two sites located in the state of 
Jalisco and one site in the state of Zacatecas, México. In general, the OM, NDF and 
ADF contents diminished as the levels of molasses increased in diets. Conversely, 
CP, nonfiber carbohydrates (NFC), ash, ME, NEl and SCFA contents augmented as 
molasses increased. In general, when urea and molasses were higher, the fractions a, 
b, a+b of the in situ digestibility were higher. All the molasses mixtures with addition 
of urea at 4 or 6% had higher chemical composition and in situ digestibility.
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with 5 and 10% molasses. Conversely, Vallejo-Solís13 reported that 
the potential degradability of silages based on tree and shrub fodders 
was reduced as the levels of molasses were increased.14 In this study, 
higher digestion rates (c) were achieved in leaf litter samples with 
molasses and 4 and 6% of urea (Table 2). In concordance with this 
study, Souza et al.2 reported that the rate of digestion of barley straw 
increased as the level of urea increased from 0 to 6%.

Conclusión
The OM, NDF, ADF and NFC contents in leaf litter samples 

diminished as the levels of urea and molasses augmented. However, 
CP, hemicellulose, ME, NEl and SCFA augmented as the levels of urea 
and molasses increased. In general, the in situ digestion parameters 
a, b, a+b and c were improved as the levels of urea and molasses 
increased. 

Acnowledgements
None.

Conflict of interest
The author declares that there is no conflict of interest.

References
1.	Valencia AS. Diversidad del género Quercus (Fabaceae) en México. Bol 

Soc Bot Mexico. 2004;75:33–53.

2.	Souza O, Dos Santos IE. Digestibilidad in vivo, balance de nitrógeno e 
Ingestión voluntaria en ovinos alimentados con paja de cebada tratada 
con urea. Arch Zoot. 2002;51:361–371.

3.	Sahoo A, Elangovan AV, Mehra U, et al. Catalytic supplementation of 
urea-molasses on nutritional performance of male Buffalo (Bubalus 
bubalis) calves. Asian Aust J of Anim Sci. 2004;17(5):621–628.

4.	Araiza-Rosales E, Delgado-Licon E, Carrete-Carreón FO, et al. Degra-
dabilidad ruminal in situ y digestibilidad in vitro de diferentes formula-
ciones de ensilados de maíz-manzana adicionados con melaza. Avances 
en investigación Agropecuaria. 2013;17:79–96

5.	Van Soest PJ, Robertson JB, Lewis BA. Methods for dietary fiber, neu-
tral detergent fiber y nonstarch polysaccharides in relation to animal nu-
trition. J Dairy Sci. 1991;74(10):3583–3597.

6.	Sniffen CJ, O’Connor JD, Van Soest PJ, et al. A net carbohydrate and 
protein system for evaluating cattle diets: 2. Carbohydrate and protein 
availability. J Anim Sci. 1992;70(11):3562–3577.

7.	Makkar HPS. In vitro gas methods for evaluation of feeds containing 
phytochemicals. Anim Feed Sci Tech. 2005;123–124:291–302.

8.	Theodorou MK, Williams BA, Dhanoa MS, et al. A simple gas produc-
tion method using a pressure transducer to determine the fermentation 
kinetics of ruminant feeds. Anim Feed Sci Technol. 1994;48:185–197.

9.	Menke K, Steingass HH. Estimation of the energetic feed value from 
chemical analysis and in vitro gas production using rumen fluid. Anim 
Res Develop. 1998;28:7–55.

10.	 Ørskov ER. The in situ technique for the estimation of forage degrad-
ability in the ruminants. In: Evaluation in Ruminant Nutrition. CAB In-
ternational; 2000. p. 175–188.

11.	 Ørskov ER, McDonald LM. The estimation of protein degradability in 
the rumen from incubation measurement weighted according to rate of 
passage. J Agri Sci. 1979;92(2):499–503.

12.	 SAS. SAS/STAT® User’s Guide. 8.1 ed. Cary, NC, USA: SAS Inst. Inc; 
2000.

13.	 Vallejo-Solís MA. Efecto del pre-marchitado y la adición de melaza so-
bre la calidad del ensilaje de diferentes follajes de árboles y arbustos 
tropicales. Thesis (Magister of Science). CATIE, Turrialba (Costa Rica); 
1995. p. 91–106. 

14.	 AOAC. Official methods of analysis. 15th ed. Association of Official An-
alytical Chemists, Washington DC, USA; 1990.

https://doi.org/10.15406/jdvar.2017.05.00161
http://medcraveonline.com/JDVAR/JDVAR-05-00161T.pdf
http://www.uco.es/organiza/servicios/publica/az/php/img/web/01_21_45_08souza.pdf
http://www.uco.es/organiza/servicios/publica/az/php/img/web/01_21_45_08souza.pdf
http://www.uco.es/organiza/servicios/publica/az/php/img/web/01_21_45_08souza.pdf
https://www.ajas.info/journal/view.php?number=20729
https://www.ajas.info/journal/view.php?number=20729
https://www.ajas.info/journal/view.php?number=20729
http://www.ucol.mx/revaia/portal/pdf/2013/mayo/7.pdf
http://www.ucol.mx/revaia/portal/pdf/2013/mayo/7.pdf
http://www.ucol.mx/revaia/portal/pdf/2013/mayo/7.pdf
http://www.ucol.mx/revaia/portal/pdf/2013/mayo/7.pdf
https://www.ncbi.nlm.nih.gov/pubmed/1660498
https://www.ncbi.nlm.nih.gov/pubmed/1660498
https://www.ncbi.nlm.nih.gov/pubmed/1660498
https://www.ncbi.nlm.nih.gov/pubmed/1459919
https://www.ncbi.nlm.nih.gov/pubmed/1459919
https://www.ncbi.nlm.nih.gov/pubmed/1459919
http://agris.fao.org/agris-search/search.do?recordID=NL9500796
http://agris.fao.org/agris-search/search.do?recordID=NL9500796
http://agris.fao.org/agris-search/search.do?recordID=NL9500796
http://agris.fao.org/agris-search/search.do?recordID=DE88A022488
http://agris.fao.org/agris-search/search.do?recordID=DE88A022488
http://agris.fao.org/agris-search/search.do?recordID=DE88A022488
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/estimation-of-protein-degradability-in-the-rumen-from-incubation-measurements-weighted-according-to-rate-of-passage/E2DB4F2290E374E10E9800E512D127A7
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/estimation-of-protein-degradability-in-the-rumen-from-incubation-measurements-weighted-according-to-rate-of-passage/E2DB4F2290E374E10E9800E512D127A7
https://www.cambridge.org/core/journals/journal-of-agricultural-science/article/estimation-of-protein-degradability-in-the-rumen-from-incubation-measurements-weighted-according-to-rate-of-passage/E2DB4F2290E374E10E9800E512D127A7
http://repositorio.bibliotecaorton.catie.ac.cr/handle/11554/4895
http://repositorio.bibliotecaorton.catie.ac.cr/handle/11554/4895
http://repositorio.bibliotecaorton.catie.ac.cr/handle/11554/4895
http://repositorio.bibliotecaorton.catie.ac.cr/handle/11554/4895

	Title
	Abstract
	Keywords
	Introduction
	Materials and methods
	Results and discussion
	Conclusión
	Acnowledgements
	Conflict of interest
	References
	Table 1
	Table 2

