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Abstract
TORUK, F. and E. GONULOL, 2011. Effects of particle length on alfalfa baled silage quality and color
under different storage conditions. Bulg. J. Agric. Sci., 17: 451-455
The aim of the research was to determine effects of particle length on bale silage quality under different storage conditions. Field trial was done with two particle length (4-cm and 8-cm). Bales were formed using an Orkel
GP model 1260 silage baler after the alfalfa dried to the approximate desired moisture content. Bales were kept
under open air; semi closed and closed storage condition. Silage quality of all samples was determined after storage period. Dry matter (DM), pH, crude cellulose, (CC), ash, crude protein (CP), acetic acid (AA) and lactic acid
contents (LA) were evaluated as silage quality parameters. Results of the chemical analysis of silages were found
significant influence of storage conditions and particle length on bale silage quality. Silage color values were also
measured in this research. According to results, silage quality was changed to be strongly dependent on particle
length (*P<0.05). The best silage quality and desired silage color were obtained from the bales in particle length
of 8 cm stored under closed storage.

Key words: Storage conditions, Alfalfa silage, particle length, silage quality, silage color
Abbreviations: OA: Open air storage condition, SC: Semi closed storage condition, CS: Closed storage
condition, DM: Dry matter, CC: Crude cellulose, CP: Crude protein, AA: Acetic acid, LA: Lactic acid

Introduction
Baled silage is one of the most popular silage
making and storing systems. Big bale silage, compared with other harvesting systems, has a greater
flexibility with regard to the harvesting date, is
less weather dependent. The technique of big-bale
silage is, however, prone to spoilage, because of
the high surface area ratio of the bale (Borreani and
Tabacco, 2006; Forristal and O’Kiely, 2005).
Particle size influence lactic acid production
* E-mail:ftoruk@nku. edu.tr; E-mail:egonulol@nku. edu.tr

in silage (Muck and Shinners, 2001). Different
composition of baled silage can be explained dry
matter content of material, chop length, compaction and air infiltration during ensilage (O’Kiely
and Muck, 1998). The herbage in most baled silage
is generally unchopped with a particle length of 5
cm, or longer, that is common with many conventional types of silage. This can result in a delayed
onset of fermentation and lead to a more lactic-acid
dominant fermentation (Seale et al., 1982).
One of the main parameter to determine silage
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quality is the color. The color is changing from
light green to light brown according to source
of feed materials. Black and dark colors are not
desired. It means protein and cellulose are lower
digestibility. Air inside silage is also resulting with
dark color (Uygur, 2009). Toruk et al. (2009) reported that the color of the silage surface is affected
by number of film layer, film color, and storage
condition and particle length.
The aim of the research was to determine effects of particle length on bale silage quality under
different storage conditions.

Material and Methods
Alfalfa was harvested at approximately 10%
bloom with mower-conditioner. The silages were
made from first-cut alfalfa (Medicago sativa L.).
Swaths were wilted and windrowed, then baled
and stretch-wrapped for silage at the same date.
Alfalfa was chopped to a length of the cut of 4 cm
and 8 cm with a GP Orkel bale wrapper. Bales were
wrapped with up to four layers white-polythene
stretch film. The properties of bales film is shown
in Table 1. Nutrient composition of the alfalfa
before ensiling was given in Table 2.
Balers have been kept under three storage conditions; open air (OA), semi closed (SC) and closed
storage condition (CS). Bales were opened on 95
day of ensiling for chemical analysis.
The silage surface color was examined by a

Table 2
Nutrient composition of alfalfa (Medicago sativa)
before ensiling
DM
(db),
%
36.13

CP

CC

Ash

pH

18.97

18.56

9.81

5.67

Hunter Lab D25LT device. The system used in the
device was created by the International Commissions on Illumination (CIE) in 1976. L* represents
brightness (0, black; 100, white), a* represents
hues from red to green (+a*, red; -a*, green), b*
represents hues from blue to yellow (-b*, blue;+b*,
yellow). Yellowness (ýy*) indicates were also
measured in the study. Yellowness is the main color
that shows the effect of fermentation process on the
silage color properties (Snell et al., 2003).
Pioneer® 1174 (Lactobacillus plantarum and
Enterococcus faecium) was used as silage additive
to enhance the lactic acid fermentation.
Alfalfa dry matter (DM) was determined by according to ASAE Standards 2002. The pH values
of both fresh material and silage materials were
obtained using the methods reported by Chen et al.
(1994). Standard methods were used for determin-

Table 1
The properties of film types
Color
Thickness, µm *
Extensibility, %**
O2 permeability***
* DIN 53370 (1976)
**EN ISO 527 (1995/1996)
***DIN 5338 (1969)

150 µm
White
150
488
248

Fig. 1. Chromaticity diagram of the CIE system
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ing ash and crude cellulose (CC) (AOAC, 1990).
Total nitrogen (T) concentration was measured
by a Kjeldahl procedure and Crude protein (CP)
concentration was calculated as Nx6.25 (AOAC,
1990). Acetic acid (AA) and lactic acid (LA) were
evaluated according to spectrophotometric method
(Koc and Coskuntuna, 2003).
The experiment was organized in a 2 particle
lengths (4 cm-8 cm) x 3 storage conditions (open
air, OA; semi closed, SC; closed, CS). Three
replications of each treatment combination with
total of 18 big cylindrical (round) bales (1.5 m x
1.2 m) were done. The results were analyzed by
using MSTAT computer program

Results and Discussion
The effects of particle length and storage condition on silage characteristics were significant
(*P<0.05). The results are presented in Table 3.
The pH contents of silage made from the 8
cm particle length were 4.53, 4.36 and 4.30 at
the three storage conditions of OA, SC and CS
respectively, which is considered acceptable for
alfalfa silages.
DM content of silage with 8 cm particle length
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was higher than the 4 cm particle length. DM
contents were increased with increasing particle
length. Similar results were reported by Jalæ et
al. (2009) and McEniry et al. (2007). Seale et al.
(1982) were also stated that particle length in the
bale silage must be 5 cm and longer.
The ash contents of silage made from 4 cm were
higher than made from 8 cm.
According to NRC (1989), the best favorable
value of CC was 27. Values of CC which were
obtained from 8 cm were found closer of 27 than
from 4 cm. Silage which kept under CS with 8 cm
was 27.19.
LA content of silage made from 4 cm particle
length was lower than the 8 cm particle length. A
similar trend for LA was shown by McEniry et al.
(2007). Muck and Shinners (2001) also reported
that particle size influence LA production in silage.
Kung and Stokes (2009) were stated that the value
of LA in alfalfa silage should be 3-8%. Concerning them LA values of this experiment were not
sufficient. LA was higher in the CS compared with
the SC and OA.
Values of AA in all silages were found below
1%. Kung and Stokes (2009) mentioned that the
value of AA in alfalfa silage should be between 1

Table 3
The effects of particle length and storage condition on silage characteristics
Storage conditions
CV,
OA*
SC
CS
LSD
%
4
8
4
8
4
8
pH, %
4.74 a
4.53 b
4.44 c 4.36 d 4.34 d
4.30 b
0.2
5.753
DM, %
30.79 e 32.87 b 30.32 e 31.84 c 31.32 d 38.28a
0.75
0.449
Ash, %
9.66 a
8.79 f
9.37 c 9.19 e 9.60 b
9.35 d
0.11
1819
CC, %
29.60d
28.82 e 31.03 a 29.96 c 30.14 b 27.19 f
0.03
3151
LA, %
0.82 e
0.87 d
0.99 c 1.09 b 1.11 b
1.17 a
1.9
2572
AA, %
0.59 d
0.89 b
0.45 e 0.71 cd 0.63 c
0.95 a
1.2
3151
CP, %
16.63 f
17.64 d 16.87 e 17.91 b 17.67 c 18.87a
0.05
1819
OA, Open-air storage condition; SC, semi-closed storage condition; CS, Closed storage condition,
CV, coefficient of variation; LSD, least significant difference; SEM, standard error of means
Values followed by the same letter in a given row indicate no statistical difference (p<0.05).
Particle
length, cm

SEM
0.05
25.79
0.21
1.34
0.01
0.16
1.16
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Table 4
Color of alfalfa (Medicago sativa) before ensiling
Brightness Red-green
(L*)
27.88

(a*)
-8.16

Yellowblue (b*)

Yellowness
(iy*)

10.47

38.16

and the highest in CS storage condition with 8 cm
particle length (52.83).
Silage in OA condition and with 4 cm length
has the worst color results. Contrary, silage in CS
condition and with 8 cm particle length has the best
color results. This is also shown that fermentation
of the silage was well done. Silage color was positively affected with increasing particle length.

Table 5
Effect of storage conditions and particle lengths on the color of silage surface

Brightness (L*) Red- green (a*)
Yellow-blue (b*)
Yellowness (iy*)
4
23.90 c
0.90 c
10.25 f
45.72 f
OA
8
25.54 bc
1.38 a
11.59 e
46.77 d
4
27.48 b
1.37 e
11.95 d
46.38 e
SC
8
30.58 a
0.92 c
13.70 c
51.34 b
4
30.77 a
1.17 b
14.22 b
51.05 c
CS
8
31.16 a
0.84 d
14.41 a
52.83 a
SEM
2.78
0.35
3.39
6.42
CV (%)
1.83
2.52
0.23
0.06
LSD
2.102
5.753
5.753
5.753
*OA, Open-air storage condition; SC, semi-closed storage condition; CS, Closed storage condition,
CV, coefficient of variation; LSD, least significant difference;SEM, standard error of means
Values followed by the same letter in a given column indicate no statistical difference (p<0.05).

and 3%.
CP contents in silage with 8 cm were higher
than in silage with 4 cm. The lowest CP content
was found in OA condition with 17.13 and the
highest in CS condition with 17.87. Similar values
were found by Nasser et al. (2006).
The color values of alfalfa before ensiling are
shown in Table 4. Effect of storage conditions and
particle lengths on the color of silage surface was
given in Table 5.
Effect of storage conditions and particle length
was found to be significant on the color of silage
surface (*P<0.05).
Brightness values (L*) were found below of the
value (37.9) that mentioned by Snell et al. (2003).
Red-green (a*) values varied from -8.16 to 1.38.
The lowest yellowness (ýy*) was found in OA
storage condition with 4 cm particle length (45.72)

Conclusion
All the measured silage quality values were affected by storage condition and particle length. The
best silage quality and desired silage color were
obtained from the bales in particle length of 8 cm
and closed storage condition. Therefore, particle
length with 8 cm and closed storage condition is
recommended.

References
AOAC, 1990. Official Methods of Analysis. 15 th
ed. Association of Official Analytical Chemists.
Arlington, VA, USA, 1230 pp.
ASAE Standards, 2002. Moisture measurement forages. ASAE S358.2. Standards 2002: 565. St.

Effects of Particle Length on Alfalfa Baled Silage Quality and Color under Different Storage Conditions

Joseph, MI.
Borreani, G. and E. Tabacco, 2006. The Effect of
Baler Chopping System on Fermentation and
Losses of Wrapped Big Bales of Alfalfa. Agronomy
Journal, 98: 1-7.
Chen, J., M. R. Stokes and C. R. Wallace, 1994.Effects of Enzyme-Inoculant Systems on Preservation
and Nutritive Value of Hay Crop and Corn Silages.
J. Dairy Sci., 77: 501-512.
DIN 53370, 1976. Prüfung von Kunststoff-FolienBestimmung der Dicke Durch Mechanische Abtastung. (Testing of Plastic Films-Determination of the
Thickness by a Mechanical Test) Berlin: Deutschcs
Institut für Normung.
DIN 53380, 1969. Prüfung Von Kunststoff-FolienBestimmung der Gasdurchlässigkeit. (Testing of
Plastic Films-Determination of the Permeability)
Berlin: Deutschcs Institut für Normung.
EN ISO 527, 1995/1996. Kunststoffe – Bestimmung
der Zugeigenschaften. (Plastics- determination of
Tensile Properties). Berlin: Deutschcs Institut für
Normung.
Forristal, P. D. and P. O‘Kiely, 2005. Update on
Technologies For Producing of The 14 th International Silage Conference, July 3-6, Belfast, Northern Ireland. Wageningen Academic Publishers,
Netherlands.
Jalc, D., A. Laukova, M. Sımonova, Z. Varadyova
and P. Homolka, 2009. The Use of Bacrerial Inoculants For Grass Silage: Their effects on Nutrient
Composition And Fermentation Parameters In Grass
Silages. Czech J. Anim. Sci., 54 (2): 84-91.
Kung, L. and M. R. Stokes, 2009. Alanyzıng Silages
for Fermentatin End Products. http://ag.udel.edu/
anfs/faculty/kung/articles/analzing-silages-forfermentati.htm

455

Koç, F. and L. Coskuntuna, 2003. The Comparison of
the two different Methods on the Determination of
Organic Acids in Silage Fodders. Journal of Animal
Production, 44 (2): 37-46 (Tr).
McEniry, J., P. O’Kiely, N. J. W. Clipson, P. D. Forristal and E. M. Doyle, 2007. The Relative Impacts
of Wilting, Chopping, Compaction and Air Infiltration on the Conservation Characteristics of Ensiled
Grass. Grass and Forage Science, 62: .470-484.
Muck R.E. and K. J. Shinners, 2001. Conserved
Forage (Silage and Hay): Progress and Priorities.
In: Proceeding of XIXth Int. Grasland Congress,
Sao Pedro,Brazil.
NRC, 1989. Nutrient Requirement of Dairy Cattle.
Sixth Revised Edition. National Academy Pres.,
P.157, D. C., Washington.
O’Kiely, P. and R. E. Muck, 1998. Grass Silage. In:
Cherney JH and Cherney DJR. Grass for Dairy
Cattle, pp. 223-251. Wallingford,UK.
Seale, D. R., C. M. Quynn, P. A. Whyttaker and R.
K. Wilson, 1982. Microbiological and Chemical
Changes During The Ensilage of Long, Chopped
and Minced Grass. Irish Journal of Agr. Research,
21: 147-158.
Snell, H. G. J., C. Oberndorfer, W. Lucke and H. F.
A. van den Weghe, 2003. Effects of Polyethylene
Color and Thickness on Grass Silage Quality. Grass
and Forage Science, 58: 239-248.
Toruk, F., E. Gonulol and P. Ulger, 2009. Color
Changes of Bale Silage under Different Storage
Conditions. Journal of Agricultural Machinery
Science, 5 (2): 211-216 (Tr).
Uygur, M., 2009. Silaj Kalitesinin Fiziksel ve Kimyasal
Yöntemlerle Belirlenmesi. Çiftçi Broşürü, No.127.
http://www.etae.gov.tr/yayin-ek/ciftci-bro/127ciftcibro.pdf

Received January, 5, 2010; accepted for printing March, 10, 2011.

