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Summary. This study aimed to determine the effect of different levels of dried molassed sugar beet pulp 
(DMSBP) and molasses (M) addition of on the fermentation quality   of forage turnip (Brassica rapa L.) 
 silages. Forage turnip was ensilaged with DMSBP (0, 7, 10 and 15%) and M (0, 1, 2 and 3%). The  addition 
of DMSBP and M improved the silage quality and fermentation parameters of forage turnip silages. In 
vitro  organic matter digestibility (IVOMD) and metabolizable energy (ME) values of forage turnip silages 
 increased with addition of DMSBP (P<0.01). The pH and ammonia nitrogen (NH3-N/TN) values decreased 
with addition of DMSBP and M and aerobic stability values increased (via decreased CO2 values) with 
 addition of DMSBP (P<0.01). The lactic, propionic and butyric acid values of silages decreased with addition 
of DMSBP, but acetic acid values increased (P<0.01). The lactic and acetic values increased with addition 
of M, while propionic and butyric acid values of silages decreased with addition of M (P<0.01). As a result, 
 forage turnip (Brassica rapa L.) can be ensilaged no additives or addition different levels of DMSBP and M, 
but the silages prepared with 7% DMSBP and 3% M additive had high aerobic stability and low silage am-
monia nitrogen values. However, these results should be supported with in vivo feeding studies.
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O r i g i n a l  a r t i c l e

Introduction

Brassica species are among the alternative forage 
crops that are widely produced and used in order to 
supply forage requirement during limited forage pro-
duction in different regions of the world (1). Brassica 
species forages can be used for ruminants by silage or 
grazing (2). In the recent years, as being called as lenox 
in Turkey, a variety of forage turnip (Brassica rapa L.) it 
is encouraged to increase of production, cultivation and 
using as forage source for ruminant nutrition. Since 
the forage turnip (Brassica rapa L.) plant is a  legume 
group of plants, it has high buffer capacity (BC) and 
crude protein (CP) with low dry matter (DM) and 
water-soluble carbohydrates (WSC) content causes 
these plants to be ensilaged with difficulties (3). Forage 

turnip, due to its low fibre content, it is not recom-
mended to use more than 75% in ration in order to 
keep proper rumen activity (4). Koch and Karakaya (5) 
reported that the forage turnip will cause significant 
nutrient losses after harvesting due to the high-water 
content and that it can only be used in animal feeding 
as silage. Although the dry matter (DM) content of 
most Brassica species is low than 16-19%, the yield of 
DM per unit area is high. Although it varies depend-
ing on the environmental factors at the time of harvest, 
8-10 tons of fresh material can be obtained per decare 
on average (6). There are a limited number of studies 
on ensiling of forage turnip (Brassica rapa L.) plant and 
these studies have reported that forage turnip can be 
ensilaged no additives or together with straw, grains 
and molasses and these silages have been reported as 
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having high quality silage characteristics (7-9). How-
ever, no detailed studies investigating about the for-
age turnip silage quality was found. Molasses (M) 
and dried molassed sugar beet pulp (DMSBP) are the 
important fermentation stimulating sources for silage 
fermentation (10,11). In this study as silage additives 
high DM content DMSBP and high WSC content 
M were used. Thus, it has been thought that DMSBP 
and M could be added to the silage to increase the DM 
content of the forage turnip and to eliminate the defi-
ciency of the WSC and improve the silage quality. The 
aim of this study the addition of at the different lev-
els of dried molassed sugar beet pulp (DMSBP) and 
molasses (M) was to the determine the effects on the 
fermentation quality of forage turnip silage.

Materials and Methods

Forage turnip was harvested at full flowering and 
full encapsulation period. The DMSBP and M were 
used to increase the dry matter and water-soluble car-
bohydrate (WSC) contents of the silages. Experiment 
was designed 4x4 factorial design, DMSBP (0, 7, 10 
and 15%) and M (0, 1, 2 and 3%) were added to for-
age turnip on a fresh basis and homogeneously mixed 
and total 16 silage group prepared. The mixtures were 
packed tightly in 1.5 L glass jars with five replicates 
per treatment. The chemical composition of forage 
turnip, DMSBP and M used as silage material are 
given in Table 1.

The jars were stored for 60 days at room tempera-
ture (22 oC) and then they were opened after 60 days 
of ensiling. The pH values of the silages were immedi-
ately measured (12). Volatile fatty acid and lactic acid 
analysis were determined by high-performance liquid 
chromatography according to procedure of Suzuki and 

Lund (13). Ammonia nitrogen rate in total nitrogen 
(NH3-N/TN, %) content was determined according 
to the procedure described by AOAC (14) and silages 
were subjected to aerobic stability test (determina-
tion for CO2 production values) for 5 days in a system 
developed by Ashbell et al. (15). Buffering capacity 
(BC) of forage turnip was determined according to the 
method of Playne and McDonald (16). WSC value 
was determined according to the procedure described 
by Dubois et al. (17). Dry matter (DM), Crude ash 
(CA) and crude protein (CP) contents of forage turnip 
material, DMSBP, M and all silages were determined 
by procedure of AOAC (18). 

NDF and ADF contents were measured accord-
ing to the procedure of Van Soest et al. (19). The in 
vitro gas production technique (20) was used to deter-
mine in vitro organic matter digestibility (IVOMD) 
values and metabolizable energy (ME) values were 
calculated using the equations by Menke et al. (21).

ME (MJ/kg DM) = 2.20+0.136 GP+0.057 
CP+0.0029 CP2 

OMD (%) = 14.88+0.889 GP+0.45 CP+XA 
Where, GP is 24 h net gas production (ml/200 mg),
CP = Crude protein (%)
XA = Ash content (%)
Treatments were arranged as a 4×4 factorial, treat-

ment sum of squares were separated into main effects 
(dried molassed sugar beet pulp and molasses level) 
and their interactions. The means were  compared 
using Duncan Multiple Comparison test (22).

Results

The chemical composition of forage turnip 
( Brassica rapa L.), DMSBP and M used as silage 
 material and additives were presented in Table 1. 

Table 1. Nutrient composition of sialge materials used in preparation of forage turnip (Brassica rapa L.) silages.

DM CA CP ADF NDF IVOMD ME

FT 18.06 8.81 10.35 38.71 42.14 56.24 8.67

DMSBP 95.55 4.76 10.65 26.54 38.99 83.49 12.85

M 77.86 10.84 10.24 - - 81.75 12.54

DM: Dry matter, %; CA: Crude ash, % DM; CP: Crude protein, % DM; ADF: Acid detergent fiber, % DM; NDF: Neutral detergent fiber, % DM; 
IVOMD: In vitro organic matter digestion, %; ME: Metabolisable energy, MJ/kg DM; FT: Forage turnip plant; DMSBP: Dried molassed sugar 
beet pulp; M: Molasses.
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BC and WSC values of forage turnip plant used 
as silage material were determined as 184 meq/kg DM 
and 81.6 g/kg DM, respectively. 

The effect of DMSBP and M supplementation 
on the chemical composition of the resultant turnip 
silages were presented in Table 2.

Supplementation of DMSBP and M increased 
DM and CP content of resultant the silages (P<0.01). 
But ADF and NDF values of the silages decreased 
with addition of DMSBP and M (P<0.01). IVOMD 
and ME values of the silages increased with addition 
of DMSBP (P<0.01), whereas supplementation of M 
did not change IVOMD and ME values of the silages 
(P>0.01). The pH, NH3-N/TN, CO2 and organic 
acids (acetic, propionic, lactic and butyric acid) of the 
forage turnip silages were presented in Table 3.

Compared with control, pH and NH3-N/TN val-
ues of the silages decreased with addition of DMSBP 
and M (P<0.01). The CO2 values of the silages decreased 
with addition of DMSBP (P<0.01), while increased 
with addition of M (P>0.01). The lactic, propionic 
and butyric acid values of silages decreased with addi-
tion of DMSBP, but acetic acid values were increased 
(P<0.01). The lactic and acetic values increased with 

addition of M, while propionic and butyric acid values 
of silages decreased with addition of M (P<0.01). 

Discussion

In this study, DM values of forage turnip silages 
preapared with DMSBP and M were higher than con-
trol silage. The differences of DM content of silages were 
probably due to higher DM content of the DMSBP and 
M than silage material (23). Increasing DMSBP and M 
levels increased the CP content of forage turnip silages 
this result can be associated with the fact that plant pro-
teins could be protected from proteolysis due to WSC 
source provided to silages with addition of DMSBP and 
M (24). ADF and NDF values of forage turnip silages 
were decreased with addition of DMSBP and M, this 
result may be due to increased ADF, NDF and CF deg-
radation as a result of lactic acid fermentation (25). In 
this study, pH values of silages prepared by adding dif-
ferent levels of DMSBP and M were found within the 
acceptable pH values (4.0-5.0) for legume silages (26). 
The decreased of pH and increased of lactic acid values 
with addition of M were considered to be due to the 

Table 2. The effect of dried sugar beet pulp and molasses on chemical composition of forage turnip (Brassica rapa L.) silages. 

DMSBP Level, % DM CP ADF NDF IVOMD ME

0 19.10d 10.35c 45.29a 47.41a 54.54c 8.37c

7 21.62c 11.38a 40.70b 45.12b 61.79b 9.54b

10 22.76b 11.27ab 40.69b 44.67bc 63.06a 9.73a

15 25.72a 11.20b 38.70c 44.17c 63.48a 9.79a

M Level, %

0 21.61d 10.72c 43.36a 47.27a 60.94 9.38

1 22.19c 11.15ab 41.38b 45.41b 60.61 9.35

2 22.52b 11.07b 40.62c 44.69c 60.88 9.38

3 22.90a 11.25a 40.02c 44.00d 60.44 9.32

SEM 0.278 0.066 0.346 0.242 0.454 0.072

Effects

DMSBP ** ** ** ** ** **

M ** ** ** ** NS NS

İnteraction NS ** ** ** ** **

a-d: Values with different letters were found different in each column (**: P<0.01, NS: Not Significant); DMSBP: Dried molassed sugar beet pulp;  
M: Molasses; DM: Dry matter, %; CP: Crude protein, % DM; ADF: Acid detergent fiber, % DM; NDF: Neutral detergent fiber, % DM;  
IVOMD: In vitro organic matter digestibility, %; ME: Metabolisable energy, MJ/kg; SEM: Standard error of means.
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high WSC content of M (27). In this study, the find-
ings that the silages assessed had high lactic and acetic 
acid values, low pH and acceptable NH3-N/TN values 
demonstrated that desired silage fermentation occurred 
(28). Silage NH3-N/TN value of good quality silages is 
expected to be lower than 11% (29). The NH3-N/TN 
values determined from all the silages in the present study 
were found lower the upper limit reported by Carpintero 
et al. (29). When silage is opened, anaerobic conditions 
converts to aerobic conditions and some microorgan-
isms which cannot grow within the optimal silage fer-
mentation process start to grow and cause silage to spoil 
(30,31). In this period, undesirable microorganisms con-
sume WSC and lactic acid and cause DM and nutrient 
losses (32). As a result, silage starts to spoil due to CO2, 
temperature and water increase in silo (33). Increase of 
CO2 production negatively affects aerobic stability of the 
silage (31). In this study, CO2 values increased with addi-
tion of M, this result can be due to high WSC content 
of M, which is a nutritional source for mold and yeasts. 
The lactic acid value of silages decreased with DMSBP 
addition, but it was increased with M addition. The most 
important source of energy used by lactic acid bacteria 
during silage fermentation period is WSC and therefore 
addition of M level increases lactic acid value of silages 

(30). In this study, high level of acetic acid values was 
determined in the forage turnip silages. This result may 
be due to the low DM content of the silages in which 
heterofermentative bacteria were more active (34). Some 
studies have reported that acetic acid inhibits the forma-
tion of yeasts and fungi and increases aerobic stability 
after opening of silage (35). In this study, butyric acid 
decreased with addition of DMSBP and M. The butyric 
acid bacteria generally cannot grow in the environment 
where the pH value is below 4.5 and while lactic acid 
bacteria are dominant within pH range of 3.80-4.20 
and proliferation and activity of the bacteria producing 
butyric acid becomes impossible in this case (36). The 
pH value should be in the range of 4.30-4.50, lactic acid 
content should be at 6-8%, acetic acid should be at 2-3% 
and propionic and butyric acid should be lower than 
0.5% of DM and NH3-N/TN value should be approxi-
mately 10-15% of for the good quality legume silages 
(37). The silages prepared in this study, the pH, NH3-N/
TN, lactic acid, acetic acid, propionic acid and butyric 
acid values were generally compatible with the reports 
of Kung et al. (37).

As a result, forage turnip (Brassica rapa L.) can 
be ensilaged no additives or addition different levels 
of DMSBP and M, but the silages prepared with 7% 

Table 3. The effect of dried sugar beet pulp and molasses on fermentation characteristics of forage turnip (Brassica rapa L.) silages.

DMSBP Level, % pH NH3-N/TN CO2 LA AA PA BA

0 4.35a 11.57a 7.70a 57.00a 34.47b 0.12a 1.01a

7 4.29b 7.92b 7.51a 42.91b 45.11a 0.00b 0.49b

10 4.24c 7.31c 6.63b 39.49c 43.46a 0.00b 0.31c

15 4.23c 6.92c 6.99b 35.47d 44.33b 0.00b 0.57b

M Level, %

0 4.31a 9.38a 5.52b 35.39d 30.95c 0.11a 0.76a

1 4.28ab 8.43b 7.68a 39.86c 37.80b 0.00b 0.67ab 

2 4.28ab 8.26b 7.91a 48.84b 45.58a 0.00b 0.56b

3 4.26b 7.65c 7.71a 50.78a 43.05a 0.00b 0.38c

SEM 0.008 0.240 0.172 1.221 1.096 0.012 0.044

Effects

DMSBP ** ** ** ** ** ** **

M ** ** ** ** ** ** **

İnteraction ** ** ** ** * ** **

a-d: Values with different letters were found different in each column (*: P<0.05; **: P<0.01); DMSBP: Dried molassed sugar beet pulp; M: Molasses; 
NH3-N/TN: Ammonia nitrogen rate in total nitrogen (TN) content % NH3-N/TN; CO2: Carbon dioxide formation, g/kg DM; LA: Lactic acid, 
g/kg DM; AA: Acetic acid, g/kg DM; PA: Propionic acid, g/kg DM; BA: Butyric acid, g/kg DM; SEM: Standard error of means.
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DMSBP and 3% M additive had high aerobic stability 
and low silage ammonia nitrogen values. However, these 
results should be supported with in vivo feeding studies.
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