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Abstract. This study was carried out to determine the effect of wheat bran as added to canola silage on 

the fermentation and in vitro organic matter digestibility. Canola was harvested and ensiled with 5% and 

10% wheat bran in glass silos. With each treatment three parallel investigations were performed. 

Chemical, microbiological analyses and in vitro cellulase method were conducted on the silage which was 

opened on the 60th day of storage. According to the analysis of the control, 5% and 10% wheat bran 

treatments, crude protein reached 14.31%, 14.71% and 15.66%; ammonia-nitrogen reached 91.53, 85.43 

and 85.34 g/kg TN; metabolisable energy reached 7.94, 8.27 and 8.51 MJ/kg KM; while organic matter 

digestibility was 61.45%, 63.93% and 62.92%, respectively. In conclusion, addition of wheat bran can 

increase dry matter content of canola silage. 
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Introduction 

Canola seeds are mentioned frequently because of their contribution to the biodisel 

production. Canola is one of the oilseed plants that belong to brassica sp. Canola has 

tolerance to low temperatures and salinity (Sovero, 1993; Francois, 1994). Canola may 

be used as silage, straws, stubble and stover for roughage source in ruminant nutrition 

because of its palatability, and low levels of rejection (Sovero, 1993; Francois, 1994; 

Kincaid et al., 2012; Reta et al., 2015). Brassicas have metabolisable energy from 2.8 to 

3.3 mcal/kg DM and dry matter digestibility of 81 to 89% before blooming (Hall and 

Jung, 2008; Barry, 2013). However, there are very restricted research studies about 

nutrient composition of canola forages. Sẚnchez-Duarte et al. (2011) reported a slight 

increase in feed consumption of eight month elder heifers fed with a 21% canola silage 

ratio, compared with heifers in the control group. Silage process is a method that 

contributes to diminish anti-nutritional effects concerning Brassicas and allows 

conservation without affecting nutritional value (Fales et al., 1987). But it requires an 

additive for proper conservation. Brassica forage contains 80-95% water (Lambert et 

al., 1987; Guillard and Alison, 1988). High moisture forages tend to lose their nutrients 

during ensiling. Canola forage must be wilted to 60-65% moisture before ensiling 

(Balakhial et al., 2008). A little scientific literature investigates the effect of wheat bran 

addition on the feed value and in vitro OM digestibility of canola silage. Addition of 

wheat bran can increase dry matter content of canola silage thanks to its relatively high 

dry matter content. The main objective of this study was to determine the effects of 
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different level of wheat bran addition on feed value and in vitro OM digestibility of 

canola silage. 

Materials and methods 

The study was conducted in 2016 in Tekirdağ (41.0 ºN, 27.5 ºE), western Turkey 

located at about 5 m altitude above sea level and with a total precipitation of 482 mm on 

average and an annual mean temperature of 10.5ºC. Caravel which is a kind of winter 

canola was sowed in October 2016. Canola forage was harvested when 2/3 of the were 

blooming. Forage was chopped 1.0-1.5 cm theoretical length of cut. Silage materials 

were divided into three trial groups for the control, 5% wheat bran and 10% wheat bran. 

The material mixed with additive was pressed in 36 (1.0-1 liter) glass jars (Weck, 

Wher-Oftlingen, Germany) equipped with lids that enabled gas release only. The jars 

were stored under constant room temperature (20±1ºC). Three jars per treatment from 

all groups were sampled on day 60 for pH, dry matter, water soluble carbohydrates, 

lactic acid (DM, WSC, LA) content measurement and LAB, mold and yeast 

enumeration. 

Analytical procedure 

Chemical analyses were performed on triplicate samples. The fresh and silage 

samples were dried at 60ºC for 72 h in a fan-assisted oven. After drying, samples were 

ground through a 1 mm mesh screen for chemical analysis. The dry matter (DM) was 

determined by drying the samples at 105ºC for 16 h. Crude protein and ash contents of 

samples were determined according to the methods of AOAC (2012). Hemicellulase, 

cellulase, dry matter digestibility and relative feed value was determined by calculation. 

Neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin 

(ADL) content determined as described by Van Soest et al. (1991). Metabolisable 

energy (ME) content of fresh and silage samples were calculated from the chemical 

composition TSE (1991). In vitro organic matter digestibility of samples was 

determined according to the methods of Aufrère and Michalet-Doreau (1988). 

Ammonia nitrogen (NH3-N) and pH values fresh and silage samples were determined 

according to MAFF (1986). Lactic acid (LA) was determined by the spectrophotometric 

method of Barker and Summerson (1941). Water soluble carbohydrate (WSC) contents 

of experiment were determined by spectrophotometer (Shimadzu UV-12ol, Kyoto 

Japan) after reaction with the Anthrone reagent (MAFF, 1986). Microbiological 

analyses were performed according to the methods reported by Seale et al. (1990). 

Accordingly as the incubation medium; MRS agar was used for LAB and malt extract 

was used for yeast and mold. LAB, mould and yeast counts of samples were obtained at 

30 °C following 3 days incubation period. Lactic acid bacteria (LAB), yeast and mold 

counts of the samples were converted into logaritmic coloni forming unit (cfu/g). 

Statistical analysis 

Statistical analyses were performed with the general linear model (GLM) procedure 

of Duncan’s multiple range test performed with the Statistical Analysis System (2005) 

Software (SAS, Cary, N.C.). 

 

 Yij = µ + ai + eij (Eq.1) 
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where 

Yij = studied traits; µ = overall mean; ai = fixed effect of the treatment; eij = random 

effect. 

For all statistical comparisons, a probability level of P < 0.05 was accepted as 

statistically significant. When significant associations were identified, the mean values 

for each effect were contrasted using Duncan test. 

Results and discussion 

The results of the chemical analysis of fresh and ensiled canola are given in Table 1. 

In the study, dry matter and crude protein contents of canola silages ranged between 

21.79-28.82% and 14.31-15.66%, respectively, and the dry matter and crude protein 

contents of canola silages increased significantly with the increase of wheat bran usage 

rate (P < 0.01). The reason for this increase in silage dry matter and crude protein 

content is that the dry matter and crude protein content of wheat bran is higher than that 

of canola. DM content was higher compared with that reported by Balakhial et al. 

(2008), Kincaid et al. (2012) and Limón-Hernández et al. (2019). Limón-Hernández et 

al. (2019), reported a CP of 145 g/KM DM that is slightly lower than our mean content 

of 148 g/kg DM. The CP content of canola silages was higher than that provided by 

most of conserved cereals that have 60 to 100 g/kg DM. For that reason silage could 

meet the requirements of ruminants (Van Soest, 1994; NRC, 2000). Besides, the 

addition of wheat bran to the canola significantly decreased the crude ash and ammonia 

nitrogen of the silages (P < 0.05). The pH value of silages, water-soluble carbohydrates 

and lactic acid contents were not affected by the addition of additives (P > 0.05). The 

pH value (4.5) was higher than (3.9) reported by Limón-Hernández et al. (2019). 

Balakhial et al. (2008) reported pH value 4.8 that is higher than our mean value (4.5). In 

the study conducted by Balakhial et al. (2008), it was reported that the addition of urea 

to the canola silage increased pH and ammonia concentration of the silage and thus the 

silage quality was adversely affected. The research findings show that wheat bran 

supplement has a positive effect on silage quality. 

 
Table 1. Chemical analysis of canola silages 

Treatment 
DM 

% 

pH 

 

CP 

% 

Ash 

% 

WSC 

g/kg KM 

NH3-N 

g/kg TN 

LA 

% 

0 23.66 5.87 14.65 11.39 49.42 98.95 - 

Control 21.79±0.48c 4.63±0.02 14.31±0.02c 13.85±0.89a 13.97±0.17 91.53±1.18a 36.15±5.05 

WB 5% 24.72±0.57b 4.61±0.04 14.71±0.06b 13.74±0.40a 16.75 ±2.28 85.43±4.71b 32.21±7.02 

WB 10% 28.82±1.23a 4.55±0.16 15.66±0.19a 11.40±0.50b 15.08±1.33 85.34±2.87b 33.10±6.59 

P 0.001 0.550 0.001 0,005 0.160 0.001 0.730 

Values with different letters in the same column are statistically different (P<0.05 and 0.01). WB: 

wheat bran; DM: dry matter; CP: crude protein; WSC: water soluble carbohydrate; NH3-N: ammonia 

nitrogen; LA: Lactic acid 

 

 

The microbiological composition of the canola silage is given in Table 2. The 

number of lactic acid bacteria increased as the amount of wheat bran decreased, while 

the number of yeast and mold increased. Silage fermentation is a complex process 
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which depends on many factors. The silage characteristics that contribute to a good 

fermentation are: dry matter content, physiological properties of epiphytic bacteria and, 

most importantly, the quantity of soluble carbohydrates (Zanine et al. 2010). The 

decline in pH values inhibit the spoilage microorganism proliferation, which allows the 

silage nutritive values to be preserved. Thus, the best silage forages are the ones with 

high water soluble carbohydrate content, which should be sufficient to promote the 

fermentation and produce enough acid to preserve the silage. In the present experiment, 

content of WSC in all ensiled canola forages (4.2% DM, Table 1) was lower than the 6 

to 7% content which is recommended for theoretical requirement to achieve well 

preserved fermentation (Wang et al. 2009). Thus the canola without additives was 

adequate for producing good quality silages. 

 
Table 2. Microbiological analysis of canola silages 

Treatment 
LAB 

log10cfu/g 

YEAST 

log10cfu/g 

MOLD 

log10cfu/g 

0 4.77 4.76 3.57 

Control 3.12±0.25a 3.28±0.04b 2.53±0.04b 

WB 5% 2.52±0.07b 3.15±0.07b 2.56±0.05b 

WB 10% 2.48±0.04b 4.59±0.11a 4.50±0.09a 

p 0.001 0.001 0.001 

Values with different letters in the same column are statistically different (P<0.01). WB: wheat bran 

 

 

NDF, ADF, ADL, hemicellulose, digestible dry matter (DDM), dry matter intake 

(DMI) and relative feed values (RFV) of canola silages are given in Table 3. In parallel 

with the increase in wheat bran ratio added to the canola, the NDF and ADF contents of 

the silages significantly reduced (P < 0.01). 

 
Table 3. The results of the analysis of the cell wall of canola silages 

Treatment 
NDF 

% 

ADF 

% 

ADL 

% 

HEM.CEL 

% 
DDM DMI RFV 

0 55.33 44.80 10.16 10.52 54.00 2.17 90.77 

Control 54.32±0.22a 41.20±1.43a 19.37±1.70ab 13.12±1.65 56.80±1.11b 2.21±0.01b 97.24±1.52b 

WB 5% 51.28±0.65b 34.43±0.57b 15.06±2.37b 16.85±0.92 62.08±0.44a 2.34±0.03a 112.59±1.54a 

WB 10% 50.51±0.79b 37.08±2.73b 19.90±2.68a 13.43±3.43 60.01±2.13a 2.38±0.04a 110.47±2.61a 

p 0.001 0.01 0.08 0.16 0.01 0.001 0.001 

Values with different letters in the same column are statistically different (P<0.05 and 0.01). NDF: 

neutral detergent fiber; ADF: acid detergent fiber; ADL: acid detergent lignin; OMD: Organic matter 

digestion; DMI: dry matter intake; RFV: relative feed values 

 

 

The degradation of the cell wall components in silages is thought to be resulted from 

the fact that the wheat bran has low NDF and ADF content and accelerates the activity 

of lactic acid bacteria in the environment, being a source of carbohydrates. The NDF 

and ADF findings were similar with Balakhial et al. (2008); and higher than Limón-

Hernández et al. (2019) findings. Kincaid et al. (2012) reported a lower value of NDF 
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(29.82%) which can be attributed to an early harvest (60-70 days after sowing). Feeding 

behavior of animals, feed consumption, feed digestibility and feed conversion to animal 

products vary depending on the quality of feed (Van Soest, 1994). 

Feed quality is determined by the relative feed value (RFV) index developed for 

clover in the USA and used in other roughages (Bozkurt, 2011; Canbolat, 2013). Neely 

et al. (2009) reported that RFV of canola silage was double that of corn, alfaalfa silage 

and more than three times higher than triticale silage. The lowest RFV was found as 

97.24 in control group canola silage, whereas the RFV significantly increased with the 

addition of wheat (P < 0.05). The highest DDM ratio of silages was found as 62.08% 

and 5% in wheat bran group and the lowest DDM ratio was found as 56.80% in lean 

canola silage. DMI ratios of silages ranged between 2.21-2.38% and DMI ratio was 

found to be significantly higher in the groups with the addition of wheat bran than in the 

control group of canola silage. It is reported that increase in NDF, ADF and ADL 

levels, which are found in the structure of feeds and slow down the digestion, causes 

satiety and limits the feed consumption of animals (Canbolat and Karaman, 2009; 

Canbolat, 2013). The findings of this research also support this. The DDM and DMI 

values determined in the study were found to be similar with the findings of Canbolat 

and Karaman (2009) and Bozkurt (2011), who studied different legume feeds. In a study 

investigating the effects of urea and molasses on the quality of feed as an additive to 

canola silage, it was determined that the addition of molasses improved the quality of 

silage decreasing the content of ADF and NDF, but lowered the DDM value (Balakhail 

et  al. 2008). DMI findings were slightly lower than Paula et al. (2017) findings. In the 

study, the addition of wheat bran to canola silage was found to increase the DMI value. 

Organic matter digestion (OMD), metabolic energy (ME) contents of canola silages 

were determined and given in Table 4. Organic matter digestibility and metabolic 

energy values of canola silages increased with the addition of wheat bran. The highest 

organic matter digestibility was determined as 63.93% in canola silages with the 

addition of 5% wheat bran, while the highest metabolic energy value was found in the 

group with the addition of 10% wheat bran (P < 0.05). OMD findings were slightly 

lower than reported by Balakhial et al. (2008), Kincaid et al. (2012), Paula et al. (2017) 

and Limón-Hernández et al. (2019). 

 
Table 4. Organic matter digestion (OMD), metabolic energy (ME) content of canola silages 

Treatment 
OMD 

% 

ME 

MJ/kg KM 

0 60.79 8.23 

Control 61.45±0.67b 7.94±0.20b 

WB 5% 63.93±0.02a 8.27±0.06a 

WB 10% 62.92±0.72a 8.51±0.07a 

p 0.01 0.00 

Values with different letters in the same column are statistically different (P<0.01) 

 

 

Conclusion 

The results of this study show that canola forage has suitable nutrient composition. 

Therefore, it can be used for dairy cattle nutrition. It allows conservation without 
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affecting its nutritional value. High moisture content of canola forage is one of the 

dangerous factors concerning canola silage quality. It requires an additive for proper 

conservation. Addition of wheat bran improved DM and DDM content of canola silage. 

REFERENCES 

[1] Maff (1986): Preparation of Sample of Plant Material. In: The Analaysis of Agriculture 

Material. A Manual Methods used by the Agricultural Development and Advisory 

Servicei Reference Book. 472. Ministry of Agriculture, Fisheries and Food. Her 

Majesty’s Satationery office. London 

[2] TSE (1991): Animal feeds-Determination of metabolizable energy (chemical method). – 

Turkish Standards Institute (TSE), Publ. No. 9610, 1-3, Ankara, Turkey. 

[3] AOAC (2012): Official Methods of Analysis. – 19th ed. Association of Official 

Analytical Chemists: International, USA. 

[4] Aufrère, J., Michalet-Doreau, B. (1988): Comparison of methods for predicting 

digestibility of feeds. – Anim. Feed Sci. Technol. 20: 203-218. 

[5] Balakhial, A., Naserian, A. A., Heravi Moussavi, A., Eftekbar Shadrodi, F., Vali, Z. R. 

(2008): Changes in chemical composition and In vitro DM digestibility of urea and 

molasses treated whole crop canola silage. – Journaal of Animal and Veterinary 

Advances 7(9): 1042-1044. 

[6] Barker, S. B., Summerson, W. H. (1941): The colorimetric determination of lactic acid in 

biological material. – J. Biol. Chem. 138: 535-554. 

[7] Bary, T. N. (2013): the feeding value of forage brassica plants for grazing ruminant 

livestock. – Animal Feed Science and Technology 181: 15-25. 

[8] Bozkurt, K. A. (2011): Determination of relative feed value of some legume hays 

harvested at flowering stage. – Asian Journal of Animal and Veterinary Advances 6: 525-

530. 

[9] Canbolat, O., Karaman, Ş. (2009): Comparison of In vitro gas production, organic matter 

digestion, reative feed value and metabolic energy content of some legume forages. – 

Journal of Agricultural Science 15: 188-195. 

[10] Canbolat, Ö. (2013): Effects of different ripening periods on potential nutrition value of 

rapeseed (Brassica napus L). – Journal of Ankara University Faculty of veterinary 

Medicine 60: 145-150. 

[11] Fales, S. L., Gustine, S. C., Hoover, R. J. (1987): Concentrations of glucosinolates and S-

methylcysteine sulfoxidein ensiled rape (Brassica napus L). – Journal of Dairy Science 

70: 2402-2405. 

[12] Francois, L. (1994): Growth, seed yield and oil content of canola grown under saline 

conditions. – Agronomy Journal 86: 233-237. 

[13] Guillard, K., Allinson, D. L. (1988): Yield and nutrient content of summer and fall-grown 

forage Brassica crops. – Can. J. Plant Sci. 68: 721. 

[14] Hall, M. H., Jung, J. (2008): Use of brassica crops to extend the grazing season. 

Pennsylvania State university Agricultural Cooperative Extension. – Agronomy Fact 33. 

Available at http://pubs.cas.psu.edu./FreePubs/pdfs/uc100 pdf (acces august, 2017). 

[15] Kincaid, R. L., Johnson, K. A., Michal, J. J., Huisman, A. C., Hulbert, S. H., Pan, W. L. 

(2012): Case study: production of silage containing biennial canola and peas for use as 

forage in a dairy ration. – The Professional Animal Scientist 28: 120-124. 

[16] Lambert, M. G., Abrams, S. M., Harpster, H. W., Jung, G. A. (1987): Effect of hay 

substitution on intake and digestibility of forage rape (Brassica napus) fed to lambs. – J. 

Anim. Sci. 65: 1639. 

[17] Limón-Hernández, D., Rayas-Amor, A. A., Garcia-Martinez, A., Estrada-Flores, J. G., 

López, M. N., Cruz Monterrosa, R. G., Morales-Almaráz, E. (2019): Chemical 

composition, in vitro gas production, methane production and fatty acid profile of canola 

http://pubs.cas.psu.edu./FreePubs/pdfs/uc100


Gül et al.: Determination of feed value and in vitro organic matter digestibility of canola silage 

- 10829 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(5):10823-10829. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1705_1082310829 

© 2019, ALÖKI Kft., Budapest, Hungary 

silage (Brassica napus) with four levels of molasses. – Tropical Animal Health and 

Production. Available at. https//doi.org/10.1007/s11250-019-01849-7. 

[18] Neely, C., Brown, J., Hunt, C., Davis, J. (2009): Increasing the value of  winter canola 

crops by developing ensiling systems (canolage) to produce cattle feed. – Presented at the 

Idaho Alfalfa andvForage Conference 3-4 February, 27-31. 

[19] NRC. National Research Council (2000). The nutrient requirements of dairy cattle. – 6th 

ed. Washington, DC, USA: National academy Press. 

[20] Paula, E. M., Broderick, G. A., Danes, A. C., Lobos, N. E., Zanton, G. I., Faciolall, A. P. 

(2017): Effects of replacing soybean meal with canola meal or treated canola meal on 

ruminal digestion, omasal nutrient flow and performance in lactating dairy cows. – 

Journal of Dairy Science 101: 328-339. 

[21] Reta, S. D. G., Serrato-Corona, J. S., Quiroga-Garza, H. M., Gaytán-Mascorro, A., 

Figueroa-Viramontes, U. (2015): Forage yield and chemical composition of canola 

(Brassica napus L.) as affected by sowing methods. – Grass and Forage Science 71(2): 

281-290. 

[22] Sánchez-Duarte, J. L., Reta-Sánchez, D. G., Ochoa-Martinez, E., Serrato-Corona, J. S. 

(2011): Ensilado de canola, una nueva alternative forrajera en la alimentaciȯn del ganado 

lechero: primeras prucbas de ensilaje realizadas en la Comarca Lagunera. – Hoard's 

Dairyman en Español (Canola silage, a new alternative forage for feeding dairy cattle: 

first silage trials performed in the Comarca Lagunera) 201: 582-584. 

[23] Seale, D. R., Pahlow, G., Spoelstra, S. F., Lindgren, S., Dellaglio, F., Lowe, J. F. (1990): 

Methods for the microbiological analysis of silage. – Proceeding of The Eurobac 

Conference, 147, Uppsala.digestibility of corn silage in sheep. Iranian J. Vet. Res. Shiraz 

Univ. 10: 110-118. 

[24] Sovero, M. (1993): Rapeseed a new oilseed crop for the United States. – In: Janick, J., 

Simon, J. E. (eds.) New crops. New York, NY, USA Wiley, pp. 302-307. Available at: 

http//www.hort.purdue.edu./newcrop/proceedings 1993./V2-302 html#Cold Tolerance. 

[25] Statical Analysis Sistem (2005): SAS User's Guide: Statistics. Version 6. – Cary, NC: 

SAS Institute. 

[26] Van Soes, P. J., Robertson, J. B., Lewis, B. A. (1991): Methods for dietary fiber, neutral 

detergent fiber, and nonstarch polysaccharides in relation to animal nutrition. – Journal of 

Dairy Science 74: 3583-3597. 

[27] Van Soest, P. J. (1994): Nutritional ecology of the ruminant. – 2nd ed. Ithaca: Cornell 

University Press. 

[28] Wang, J., Wang, J. Q., Zhou, H., Feng, T. (2009): Effects of addition of previously 

fermented juice prepared from alfalfa on fermentation quality and protein degradation of 

alfalfa silage. – Anim. Feed Scince Technology. 151: 280-290. 

[29] Williams, S. R. O., Moate, P. J., Deighton, M. H., Hannah, M. C., Wales, W. J., Jacobs, J. 

L. (2016): Milk production and composition, methane emissions from dairy cows fed 

Lucerne hay with forage brassica or chicory. – Animal Production Sience 56: 304-311. 

[30] Zanine, A. M., Santos, E. M., Dorea, J. R. R., Dantas, P. A. S., Silva, T. C., Pereira, O. G. 

(2010): Evaluation of elephant grass with adition of cassava scrapings. – Revista 

Brasileira de Zootecnia 39(12): 2611-2616. ISSN 1806-9290. 

 

 


