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This experiment was conducted to determine the fermentation
characteristics and in vivo digestibilities of silages prepared from
soybean, sunflower and soybean-sunflower mixtures at different levels
(15% soybean + 85% sunflower, 30% soybean + 70% sunflower, 45%
soybean + 55% sunflower). For this purpose, a total of 25 silages, 5 for
each mixture, were prepared in 120-liter drums. After 90 days of
incubation, the content of crude materials, volatile fatty acids and
fermentation characteristics of the silages were determined. To
determine the digestive characteristics of the silages, 5 two-year-old
Akkaraman rams with an average weight of 30-35 kg were used. The
classical digestion method was used in the study. Dry matter (DM),
organic matter (OM) and crude protein (CP) contents increased and
ether extract (EE), acid and neutral detergent fiber (ADF and NDF)
contents decreased with increasing soybean content in the mixtures.
While the lowest pH, acetate, propionate and the highest Flieg values
were determined in silages containing 30% soybean and 70% sunflower,
the lowest butyrate value was determined in silages containing 15%
soybean and 85% sunflower. The highest butyrate, lactate, EE, NDF and
the lowest dry matter, CP contents were determined in sunflower silages.
Digestibilities of DM, OM and CP were higher in soybean silages than
others. While the highest EE digestibility was found in 30% soybean +
70% sunflower silage, the highest ADF content was found in 15%
soybean + 85% sunflower silage and the lowest NDF content was found
in sunflower silages. Consequently, sunflower and soybean silages and
different mixture ratios did not lead to negative results and quality
silages were obtained. According to fly evaluation, the best quality
silages were obtained from a mixture of 30% soybean + 70% sunflower.
Regarding digestibility, 100% soybean silage and 15% soybean silage +
85% sunflower silage had higher digestibility values than the others. It
was concluded that these two silages can be recommended due to their
higher digestibility.
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Bu calisma soya, aycicegi ve %15 soya + %85 aygicegi, %30 soya +
%70 aygigegi, %45 soya + 55% aycigegi karigimi silajlarinin
fermentasyon ve sindirim  Ozelliklerini  belirlemek  amaciyla
gerceklestirilmistir. Bu amagla her bir karisim igin 120 litrelik plastik

varillerde 5’er adet olmak tizere toplam 25 adet silaj hazirlanmistir. 90
giinliik inkiibasyon sonunda agilan silajlarin ham besin madde igerikleri

ve fermentasyon Ozellikleri incelenmistir.  Silajlarin  sindirim

Anahtar Kelimeler dzelliklerini belirlemek icin 5 adet 2 yash, ortalama 30-35 kg agirliginda

Soya Akkaraman erkek toklu kullanilmigtir. Bu hayvanlarin bakim, besleme,
A_y(;_i(;egi yem tiiketimi, giibre toplama, Srnekleme ve analiz islemleri klasik
Iglelfrjn antasvon sindirim metodu ile gergeklestirilmigtir. Karigimlardaki soya miktari
Sindirilebi)llirlik artigina bagh olarak kuru madde (KM), organik madde (OM) ve ham

protein (HP) degerleri artmasina ragmen, ham yag (HY), ADF ve NDF

degerleri diismiistiir. En diisiik pH, asetik asit, propiyonik asit ve en
yiiksek flieg puani1 %30 soya + %70 aygicegi silajlarinda elde edilmistir.
En diisiik biitirik asit degeri ise %15 soya + %85 ayg¢icegi karisiminda
tespit edilmistir. En yiiksek biitirik asit, laktik asit, HY, NDF ve en
diisik KM, HP degerleri aygicegi silajlarinda belirlenmistir. Soya
silajmm KM, OM ve HP sindirilebilirlikleri diger silajlardan daha
yiiksek bulunmustur. %30 soya + %70 aygicegi karisim silajinda HY
sindirimi en yiiksek olurken, en yiiksek ADF sindirimi %15 soya + %85
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aycicegi karisiminda ve en diisik NDF sindirimi aycicegi silajinda
gerceklesmistir. Sonug olarak aycigegi ve soya silaji ve farkli karisim
oranlar1 olumsuz sonuglara yol agmamis ve Kkaliteli silajlar elde
edilmistir. Flieg skorlamasina gore en kaliteli silajlar %30 soya + %70
aycicegi karigimmdan elde edilmistir. Sindirilebilirlik acgisindan %100
soya silaji ve %15 soya + %85 aygicegi silajinin digerlerine gore daha
yiksek sindirilebilirlik degerlerine sahip oldugu, bu nedenle bu iki
silajin tavsiye edilebilecegi sonucuna varilmistir.

Introduction

In regions where winters are long, the necessity of feeding animals for the duration of
the cold season has necessitated the development of methods of preservation. The method of
ensiling is becoming more widespread. Various applications have been reported to improve
the quality and digestibility of silage during ensiling. (Kilic, 1986; Etgen et al., 1987).

Sunflowers are preferred especially in semi-arid climatic regions because they develop
earlier, are more cold and drought resistant and give higher yields than maize. Sunflowers
have 2/3 of the total digestible nutritional value of maize. Sunflower silage is less preferred by
animals than corn silage. Although sunflower oil increases the amount of milk fat, it decreases
the amount of milk. However, it can be considered an advantage that dairy cows fed
sunflower silage (SF) have more unsaturated fatty acids in milk fat (McGuffey and
Schingoethe, 1980). To eliminate these disadvantages of SF, early harvesting and ensiling
with ensiling agents that have higher dry matter is suggested (DM). In this way, the problems
arising from a low DM, high lignin and oil content can also be solved (Denek et al., 2004).
Soybean silage (SBs) has higher nutritional value than pea silage and lower than vetch silage
(Mustafa and Seguin, 2003).

When SBs is fed alone, it is not properly utilised by animals due to its unpleasant
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odour, free ammonia content and butyric acid (BA). To achieve proper fermentation, easily
degradable carbohydrate sources must be added. Therefore, combination with silage crops or
molasses is recommended (Brown, 1999; Blaunt et al., 2006). Ensiling soybeans with other
silage crops not only increases the crude protein content (CP) of the silage, but also increases
the energy content and palatability of SB (Kilic, 1986; Undersander, 1999). Although
soybeans and sunflowers can be ensiled alone, they have some disadvantages, both in terms of
silage quality and consumption by animals.

It is believed that making silage by mixing these two crops grown in the same period
can eliminate these disadvantages. For this reason, this study was carried out to determine the
ensiling properties and nutrient digestibility of sunflower, soybean and sunflower-soybean
mixed silages produced at different levels.

Material and Method

Sunflowers and soybeans harvested early were used as silage. Sunflower, soybean and
sunflower-soybean mixtures feeds were adjusted in different ratios: 15% soybean + 85%
sunflower (15SB85SF), 30% soybean + %70 sunflower (30SB70SF) and 45% soybean + 55%
sunflower (45SB55SF), based on fresh material. The prepared mixtures were placed in 25
120-liter plastic drums with 5 replicates for each group and their mouths tightly sealed. A
small hole was drilled in the top of the barrels to allow the silage liquid to drain. The barrels
were then turned upside down and placed to ferment. 90 days later, the barrels were opened
and samples were taken for chemical analysis. Table 1 shows the chemical composition of the
fresh material.

The pH values of the silages were immediately measured in samples according to Hart
and Horn (Hart and Horn, 1987) after taking samples from the top, middle and bottom of the
barrels. The remaining silage fluid was then filtered through Whatman 54 paper, centrifuged,
and stored at -20°C. Lactic acid (LA), acetic acid (AA), propionic acid (PA), and butyric acid
(BA) were analyzed in the silage liquids using high-performance liquid chromatography
(Muck and Dickerson, 1988).

In vivo digestion was performed to determine the digestibility of the silages. 5
Akkaraman rams aged 2 years with an average body weight of 30-35 kg were used. Animal
husbandry and feeding, feed intake, and fecal collection and analysis were performed as
described by Bulgurlu and Ergul (1978).

Dry matter, CP, EE and ash of silages and manures were determined according to
AOAC (1990). ADF and NDF were determined according to Van Soest et al. (1991).
Statistical analyzes were performed using PROC GLM in SAS/STAT (2007) for all data
analyzes. Mean treatment differences were determined by Duncan's multiple range tests with
a level of statistical differences of 5%.

Results

Table 1 displays the nutrient composition of silages of sunflower, soybean and
sunflower-soybean mixtures before and after ensiling. It was found that very little nutrient
loss occurred with the water from the silo. The highest contents of DM, OM and CP were
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found in SBs, while EE, ADF and NDF were found in SFs. As a result of this situation, the
contents of DM, OM and CP increased when the amount of soybean in the mixture was
increased; EE, ADF and NDF decreased.

Table 1. Nutrient compositon of sunflower, soybean and sunflower-soybean green herbages
before and after ensiling (DM%).

Tablo 1. Aycgicegi, soya ve aygicegi-soya yesil otlarimin silolama éncesi ve sonrast ham besin
maddesi igerikleri (Y%oKM)

SF SB 15SB85SF 30SB70SF 45SB55SF

be ae be ae be ae be ae be ae

DM 2298 2255 3223 3132 2372 2335 26.08 2560 28.17 27.30
OM 80.51 80.83 8556 8521 8146 80.80 8197 8154 83.73 83.22
CP 231 222 494 479 261 257 259 254 401 3.86
EE 1425 1408 769 754 1276 1261 11.18 11.14 10.87 10.55
ADF 3889 3820 3749 36.80 37.11 3652 37.68 37.44 3791 37.74
NDF 5108 50.56 49.51 49.98 50.12 49.89 4872 4842 50.06 49.90

!-fresh material

be:before ensiling, ae:after ensiling

15SB85SF: 15% soybean forage+85% sunflower forage
30SB70SF: 30% soybea forage+70% sunflower forage
45SB55SF: 45% soybea forage+55% sunflower forage

The fermentation characteristics are listed in Table 2. The highest pH and AA values
were in 45SB55SF, flieg values in 30SB70SF, BA, PA and LA values in SFs (P < 0.05). The
lowest pH, AA and PA values were in 30SB70SF, flieg values and LA in 45SB55SF silages
(P <0.05).

Digestibility values are shown in Table 2. The highest dry matter digestibility (DMD),
organic matter digestibility (OMD), crude protein digestibility (CPD) and neutral detergent
fiber digestibility (NDFD) values were obtained in SBs. The highest digestibility of ether
extract (EED) was obtained in 30SB70SF and digestibility of acid detergent fiber (ADFD) in
15SB85SF silages (P < 0.05).

The lowest values of DMD, OMD, CPD, ADFD and NDFD were determined in SF
while EED values were determined in SB and 45SB55SF (P < 0.05). As shown in Table 1 and
Table 2, the digestibility values of SF decreased with minimum nutrient content and flight
point. To address this situation, digestibility was increased as a function of decreasing SF
ratio in the mixtures.
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Table 2. Nutrient composition digestibility and fermentation properties of sunflower, soybean
and sunflower-soybean mixture silage at different ratios

Tablo 2. Farkli oranlarda ay¢icegi, soya ve ay¢icegi-soyva karisumi silajlarinin  besin madde
sindirilebilirligi ve fermentasyon ézellikleri

SF SB 15SB85SF  30SB70SF 45SB55SF
X+Sx%x X +Sx%x X +Sx X +Sx X +Sx
Fermentation Patterns
pH 4.32+0.06bc  4.48+0.06b 4.16+0.06cd 4.04+0.06d 4.82+0.06a
Flieg 77.45£2.37b  87.51+2.37a 90.06+2.37a 92.94+2.37a 71.38+2.37b
Acetic acid 4.10£0.31b  3.07+0.31c 3.38+0.31bc 2.56+0.33¢ 5.05+0.31a
Butyric acid 0.69+£0.14a  0.21+0.14b 0.09+0.14b 0.19£0.15b 0.25+0.14b
Propionic 1.3120.15a  0.55+0.15b 0.60+0.15b 0.42+0.16b 0.61+0.15b
Lactic acid 7.9940.42a  5.87+0.42b 5.91+0.42b 5.62+0.42b 4.90+0.42b
Digestibility

DM 54.10+1.28c  65.21+1.28a 60.21+1.28b 60.021.28b 61.34+1.28b
OM 55.53+1.07c  68.28+1.07a 63.54+1.07b 60.97+1.07b 63.55+1.07b
CpP 51.94+1.56c  78.89+1.56a 60.27+1.56b 61.84+1.56b 63.14+1.56b
EE 95.34+0.38b  93.97+0.38 ¢ 96.31+0.38b 97.94+0.38a 94.08+0.38¢
ADF 47.09+1.30c  54.27+1.30ab 55.99+1.30a 51.72+1.30b 51.16+1.30b
NDF 47.45+1.38cd  54.62+1.38a 53.01+1.38ab 49.42+1.38¢ 53.74+1.38ab

a,b,c,d,e: Differences among values in the same line bearing different letters are significant (P<0.05).

Discussion and Conclusion

In studying the nutrient composition of silages made from sunflower and sunflower-
soybean mixtures, it was found that as the proportion of soybean in the mixture increased, the
relative amounts of DM, OM, CP, and EE decreased in proportion to the decreasing amount
of sunflower EE (Table 2).

In a similar study, Carneiro et al. (1986) reported that the DM of silages increased
when soybean was added to maize. Evangelista (1986) shared that the addition of soybeans
improved the nutritional value and quality of mixed silages of corn and soybeans. For
example, when soybean content in the mixture was 30%, CP of corn and sorghum silage
increased from 6.5 to 8.5-9.0%. In the results of our study, CP values of silages with 45%
soybean addition were increased from 2.31 to 3.86%. In a study by Serbester et al. (2015), the
nutrient composition and in vitro digestibility of silages made from a maize mixture SB were
determined and it was found that when the soybean content in the mixture was increased, the
pH, CP, EE of the mixture increased but NDF and ADF decreased.

The results in Table 2 on fermentation characteristics show that the quality of silage is
not affected by the addition of soybeans to sunflower, on the contrary, the addition of
soybeans increases the quality of silage. Thus, it was found that the fly value increased
especially at 30SB70SF. Although it was reported that high protein content and low readily
fermentable carbohydrate content increased silage pH (Cerci et al., 1997), this was not found
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in our study and in the study of Demirel et al. (2009). In fact, CP content was reported to
increase in mixed silages with soybean content of 30-50%, but according to the results of pH
and lactic acid, there is no need to use high energy additives (Lima et al., 2010). Regarding
the quality criteria pH, AA, PA, BA and LA, it was found that the mixture ratios used had no
negative effect on the fermentation potential. The pH values observed in this study were
within the range of required optimum silage fermentation (Alcicek and Ozkan, 1997).
Evangelista (1986) and Zago (1985) reported that pH and lactic acid content were similar in
corn silages and silages containing 20%, 30%, 35%, 40% and 50% soybean and that
fermentation characteristics did not change with increasing soybean content in the mixture. In
this study, BA, PA and LA were also not affected by the addition of soybean, but only
45SB55SF silages reduced the fly value and increased the value of AA (P < 0.05). Lima et al
(2010) reported that combined ensiling of sorghum and soybean resulted in better silage
quality than either sorghum or soybean alone.

It is suggested that the reason for the digestion results reported in Table 2 may be that
the lignin structure of sunflower diluted with soybean is increased by up to 17% (McGuffey
and Schingoethe, 1980). However, Demirel et al. (2009) reported that the reason for the
increase in digestion was due to other nutrients facilitating digestion and not the increased CP
and EE with the addition of soybean to corn. However, several researchers reported that no
differences were found between the DM, CP and ADF digestibilities of corn and corn-
soybean silages (Murphy et al., 1984) and that the addition of 40% soybean had no effect on
in vitro DM digestion of silages (Lima et al., 2010). Carneiro et al. (1982) found that CP
digestibility of corn-soybean silages with 20% and 40% soybean content was higher than that
of corn silages. Serbester et al. (2015) reported that depending on the increase of soybean
content in the mixture, in vitro DMD and NDFD were increased.

In conclusion, sunflower and soybean silage and different mixture ratios did not cause
negative results and silages of high quality were obtained. According to fly evaluation, the
best quality silages were obtained from a mixture of 30% soybean + 70% sunflower.
Regarding digestibility, 100% soybean silage and 15% soybean silage + 85% sunflower silage
had higher digestibility values than the others. Therefore, it was concluded that these two
silages can be recommended due to their higher digestibility.
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