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Abstract: The aim of the investigation was to determine changes on color of the silage surface 
under different storage conditions. For this purpose, the effect of the layer of film cover on bales, 
color of plastic film and different particle lengths also were examined. An experiment was designed 
in a 2 (4, 8 cm particle length) x 2 (16, 20 layer of film cover) x 2 (white, black film color) x 3 
(storage conditions) X 3 (replication) factorial arrangement of treatments, to elucidate the relative 
effects of these factors on the conservation characteristics of baler silage. Alfalfa was ensiled and 
chopped using a bale silage machine. Baler was kept in the open air (OA), semi-closed (SC) and 
closed storage condition (CS). In this research, yellowness (yı*) indicates were also measured to 
show the effect of fermentation process on the silage color properties. As the result of experiment, 
it was found that storage conditions have significant effects on color of the silage surface (all 
parameters) statistically. Besides it was determined that yellowness was affected by the particle 
length and the number of layer according to storage conditions. Desired silage color was observed 
with particle length of 8 cm, white color wrapping with 20 layers under SC and CS condition. 
Key words: alfalfa bale silage, storage condition, silage surface color, number of layer, 
polyethylene color 
 
 

Farklı Depolama Koşulları Altında Balya Silajlarındaki Renk Değişimleri 
 
Özet: Bu çalışmada, farklı depolama koşulları altında yonca balya silaj yüzeyinin renginde meydana 
gelen değişimler belirlenmiştir. Çalışmada farklı balya sarma katı, plastik rengi ve hasat edilen 
ürünün parça büyüklükleri denenmiştir. Deneme, x 2 sarma katı sayısı (16 ve 20) x 2 plastik rengi 
(siyah ve beyaz) x 2 parça boyutu (4 ve 8 cm) x 3 depolama koşulu (açık havada (OA), sundurma 
altında (SC) ve kapalı ortamda (CS)) x 3 tekrar olacak şekilde düzenlenmiştir. Yonca bitkisi kombine 
balya silaj makinesi kullanılarak balyalanmış ve depolanmıştır. Üç aylık depolama sonrasında alınan 
örneklerden renk analizleri yapılmıştır. Araştırmada ayrıca, silaj fermantasyonunda önemli etkisi 
olan sarılık (yı*) indeksi de ölçülmüştür. Deneme sonucunda, depolama koşullarının silaj yüzey 
rengi üzerine etkisi önemli bulunmuştur. Bunun yanı sıra, sarılık indeksi de depolama koşullarına, 
film sarma sayısına ve parça uzunluğuna göre de önemli bulunmuştur. İstenen silaj rengi 20 kat 
sarılan, beyaz renkli film ile kaplanan, 8 cm parça boyuna sahip SD ve KD depolama koşullarında 
elde edilmiştir.  
Anahtar kelimeler: yonca balya silajı, depolama koşulları, silaj yüzey rengi, sarma sayısı, plastik 
rengi 

 
INTRODUCTION 

Alfalfa 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. However, 
prone to spoilage because of the high surface area 
ratio of the bale (Borreani ve Tabacco, 2006).  

It was found that lower silage quality when 
wrapping baled with four tours instead of six tours 
stretching (16 and 20 layers). The results were 

attributed to a perforation effect from the hard 
Lucerne stalks when wrapping the bales with eight or 
ten layers, no further improvement was noticed. 
Excess layer makes more expense (Keller et al., 
1998).   

The plastic film guarantees anaerobic conditions 
and quality in the silage. The necessity of anaerobic 
conditions for the ensiling process is well known. 
There is not sufficient research on this subject. 
Although the importance of stable anaerobic 
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conditions for silage is undisputed and usually low-
density polyethylene (LD-PE) films are used for this 
purpose. There are few scientific studies on the 
correlation between the film parameters and success 
of ensiling (Muck, 1998). 

Forristal et al. (1999) determined the effects of 
using different levels of film cover and different film 
colors (black, clear, green, light green and white) on 
silage preservation. Whereas film color did not 
influence the measured variables, the level of film 
cover on bales significantly affected silage 
preservation. Film thickness was also important. 

Snell et al. (2003) found the influence of variations 
in thickness and color of plastic film on silage 
preservation conditions. Fort his purpose, bales were 
covered with five films of different thickness and 
color: 90 µm, white; 125 µm, green; 150 mm, black; 
200 µm, green and 200 µm, white. The surface 
temperature of the films was found to be strongly 
dependent on film thickness and color. They found 
that the dark-colored film types, especially the black 
covering, heated more quickly. At midday the highest 
temperatures were reached outdoors. They were 
about 6-7 oC higher fort he dark-colored films in 
comparison with the white films.  

Snell et al. (2002) reported that under the storage 
conditions investigated, the chemical analysis of 
silages did not reveal any significant influence of the 
film.  

One of the main parameter to determine silage 
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). Certain color for quality silage has not been 
mentioned in the studies yet. Therefore, colors 
difference in this study was compared according to 
their dark and light levels.  

DLG (1987) was determined color of silage 
according to its quality. Quality levels are 0, 1 and 2. 
Silage with darker color has fewer score.  

The aim of this research was to determine 
changes on color of the silage surface under different 
storage conditions. For this purpose, the layer of film 
cover on bales, color of plastic film and different 
particle lengths were also examined. 

MATERIALS and METHODS 
Alfalfa (Medicago sativa L.) was harvested at 

approximately 10% bloom with mower-conditioner on 
28 June 2007. The silages were made from first-cut 
alfalfa. Swaths were wilted for 2 hours, then 
windrowed and made into cylindrical bales of 1.5 m x 
1.2 m with a Orkel GP model 1260 silage baler. 
Weight of the bales was approx. 900-950 kg. There 
was no rainfall during wilting and harvesting periods. 

Table 1 shows the properties of the bale wrapper. 
 

Table 1. Properties of the bale wrapper 
 

Properties  

Type  
Cylinder with two 
wrapping arms  

Tractor connection Stable 
Wrapping system  3D  
Wide stretch film (mm) 750  
Wrapping level (%)  65  
Repetition (%)  50  
Weight (kg) 1338  

 
Chopped alfalfa (Medicago Sativa L.) covered with 

two levels of film cover and color; 16 black; 16 white; 
20 black and 20 white. Each trial was done with two 
particle length (4-cm; 8-cm). 

The properties of polyethylene film were shown in 
Table 2. 

 
Table 2. Properties of the polyethylene film 
 

Properties 150 
µm 

150 µm 

Color Black White 
Thickness (µm)† 150 150 
Extensibility (%)* 386 488 
O2 Permeability(ml m-2 d-1)# - 248 

† DIN 53370 (1976) 
*EN ISO 527 (1995/1996) 
#DIN 5338 (1969) 

 
Balers have been kept under three storage 

conditions; open air (OA), semi closed (SC) and closed 
storage condition (CS) for three months. 

Pioneer® 1174 (Lactobacillus plantarum and 
Enterococcus faecium) was used as silage additive. 

The experiment was organized in a 2 particle 
lengths (4 – 8 cm) X 2 film colors (black - white) X 2 
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numbers of layer (16-20) X 3 (replications) factorial 
arrangement of treatments. As a totally were done 24 
big bales. The design of the research was summarized 
in the Table 3  
 

Table 3. Design of the research 
 

Storage 
condition 

Particle 
length 
(cm) 

Number of 
layer 

Film (PE) 
color 

OA 
SC 
CS 

 
4 
 

16 
Black 
White 

20 
Black 
White 

8 
16 

Black 
White 

20 
Black 
White 

 
The bales were opened after three months for 

analyses. Samples were taken from the between baler 
surface and a depth of 20 cm (Snell et al., 2003).The 
silage surface color was examined by a Hunter Lab 
D25LT. The system CIE was used. 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). In this research, yellowness (yı*) indicates 
were also measured to show the effect of 
fermentation process on the silage color properties.  

Alfalfa dry matter (DM) was determined by oven 
drying at 103 oC for 16 h (ASAE Standartds 2002). 
The pH values of both fresh material and silage 
materials were obtained using the methods reported 
by Chen et.al. (1994). Total nitrogen (T) 
concentration was measured by a Kjeldhal procedure 
and CP concentration was calculated as Nx6.25 (AOAC 
1990).  

Statistical analyze was done by using MSTAT 
computer program. 
 
RESULTS and DISCUSSION 

Color of the silage surface and the nutrient 
composition of alfalfa before ensiling are shown in 
Table 4. 

 
Table 4. Color of the silage surface and nutrient 
composition of alfalfa before ensiling 

 
CP pH DM L* a* b* ıy* 
18.97 5.67 36.13 27.88 -8.16 10.47 38.16 

 
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). 

Color values of the bale kept under CS storage 
condition was better than the others storage 
conditions. 

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

 
Storage condition 

(A) 
OA SC CS    

Particle length, 
cm(B) 

4 8 4 8 4 8 CV (%) F** LSD 

Brightness (L*) 25.51 f 26.82 e 27.65 d 28.24 c 28.88 b 30.12 a 2.12 42.35 0.486 
Red- green (a*) 1.09 b 1.28 a 1.10 b 1.09 b 0.97 c 0.83 d 335.75 2.08 8.208 
Yellow-blue (b*) 11.33 f 12.87 d 12.57 e 12.96 c 13.51 b 14.32 a 1289.5 0.12 1.421 
Yellowness (ıy*) 47.88 e 50.13 d 47.85 f 51.34 b 51.26 c 52.12 a 3331.3 0.02 1.161 

**Significant at P<0.05. OA: Open air storage condition, SC: Semi-closed storage condition, CS: Closed storage condition 
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Brightness values of the OA silages were the lower 

than the fresh material (27.88). Silage color 
approached the desired level with increasing 
brightness value. This is also shown that fermentation 
of the silage was well done. 

 
There was significant effect between values of the 

lengths. Silage with 8 cm particle length has more 
favorable values than 4 cm. Therefore, particle length 
with 8 cm is recommended. Seale et al. (1982) were 
stated that particle length in the bale silage must be 5 
cm and longer.  

Silage in CS condition and with 8 cm particle 
length has the best color results. Contrary silage in OA 
condition and with 4 cm length has the worst results. 

Effect of storage conditions and number of layer 
on the color of silage surface was given in Table 6. 

Effect of storage conditions and number of layer 
was found to be significant on the color of silage 
surface (P<0.05). Silage color with 20 layers has 
found to be more favorable result than 16 layers. A 
similar trend for number of layer was shown by Keller 
et. al., (1998) and Forristal et al., (1999). 

 

The highest brightness was found at CS with 20 
layers whereas, the lowest brightness was found at 
OA with 16 layers. The highest red-green values were 
found at SC with 16 layers and at OA with 16 layers. 
The lowest yellow-blue values were found at OA with 
16 layers. The highest yellowness with 52.18 was 
found at CS with 20 layers. 

It is clear that silage with more layers has better 
result but economic situation should be taken into 
consideration. Further studies on economic number of 
layers are needed.  

Effect of storage conditions and film color on the 
color of silage surface was given in Table 7. 

Effect of storage conditions and film color was 
found to be significant on the color of silage surface 
(P<0.05). White film color has better color result than 
black film color. The best results were found at CS 
condition with white film color. The results belong to 
OA with black film color were not desired. Snell et al. 
(2002) was also mentioned that silage at CS condition 
has better results of silage surface color.  

Table 6. Effect of storage conditions and number of layer on the color of silage surface 
 

Storage condition 
(A) 

OA SC CS   

Number of layer 
 (C) 

16 20 16 20 16 20 F** LSD 

Brightness (L*) 25.21 d 27.12 c 27.56 b 29.03 b 28.75 b 29.56 a 65.78 0.486 
Red- green (a*) 1.16 b 1.09 c 1.22 a  1.07 d 0.96 e 0.84 f 395.8 8.208 
Yellow-blue (b*) 11.15 f 12.87 e 13.02 d 13.56 b 13.60 a 13.06 c 633.5 1.421 
Yellowness (ıy*) 46.97 f 50.26 d 49.13 e 50.84 c 51.21 b 52.18 a 5371.3 1.161 

**Significant at P<0.05. OA: Open air storage condition, SC: Semi-closed storage condition, CS: Closed storage condition 
 

Table 7 Effect of storage conditions and film color on the color of silage surface 
 

Storage condition 
(A) 

OA SC CS   

Film color 
(D) 

Black White Black White Black White F** LSD 

Brightness (L*) 25.92 d 26.41 c 28.85 a 28.93 a 27.97 b 29.15 a 12.32 0.486 
Red- green (a*) 1.29 a 1.21 b 1.11 c 0.96 e 0.97 d 0.80 f 238.08 8.208 
Yellow-blue (b*) 12.00 f 12.21 e 13.24 c 13.34 b 13.00 d 13.47 a 965.23 1.421 
Yellowness (ıy*) 49.28 f 49.86 d 49.71 e 50.27 c 50.50 b 50.97 a 6605.3 1.161 

**Significant at P<0.05. OA: Open air storage condition, SC: Semi-closed storage condition, CS: Closed storage condition 
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Snell et al. (2003) were stated that more 

brightness color of silage was found in the baler with 
white film color (37.9) than black colors’ (33.1). 
Similar results were found in this study. These results 
can be explained that the silage covered with dark-
colored films has more heat than with light colors. 

Effects of storage condition, particle length, 
number of layer (16, 20) and film color (black, white) 
on silage color were given in Table 8. 
 

Table 8. Effect of storage condition (OA, SC, CS), 
particle length (4, 8), number of layer (16, 20) and 

film color (black, white) on silage color 
 

F** 
Brightness 
(L*) 

Red- 
green 
(a*) 

Yellow-
blue 
(b*) 

Yellowness 
(ıy*) 

AXBXC 
LSD 

34.85 
0.486 

49.60 
1.160 

385.85 
2.010 

899.90 
1.641 

AXBXD 
LSD 

30.76 
0.486 

149.69 
1.160 

193.20 
2.010 

3631.32 
1.641 

AXCXD 
LSD 

7.07 
0.486 

636.23 
1.160 

169.85 
2.010 

5781.55 
1.641 

AXBXC
XD 
LSD 

2.21 
0.972 

741.14 
1.641 

964.22 
2.843 

50131.10 
2.321 

A, Storage condition; B, Particle length; C, Number of layer;  
D, Film color 

 
 

All variables measured and their interaction were 
affected on silage color and silage fermentation 
product (p<0.05). 

The particle length and storage conditions had a 
much greater effect on silage color than the number 
of layer and film color treatments studied. At OA 
storage condition, silage color values of the silage 
made from 4 cm particle length and 16 layers was 
lower than for other treatments. Similar results were 
reported by Borreani ve Tabocco (1998). 

 
CONCLUSION 

The color of the silage surface was affected by all 
parameters measured in this research.  

The best silage color values were determined bale 
silage made from 8 cm particle length and 20 layers in 
all storage conditions.  

In point of storage conditions; storage in closed 
area (CS) has better silage color than the others. 
Further studies especially on determining optimum 
number layers were needed.  
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