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Table 1. Average dry matter and crude protein of Brasica juncea in three different phonological growth stages 

P value  SEM  
Third stage 
(soft dough)  

Second stage 
(flowering)  

First stage 
(vegetative)  

Parameter  

˂0.0001  0.33  24.79a  18.47b  11.58c  Dry matter (%)  
˂0.0001  0.28  14.20c  19.87b  23.30a  Crude protein (%)  

a-c Different letters in each row indicate significant differences (P<0.05) 
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Table 2. Effect of plant growth stages and aditives on the Brasica juncea forage silage dry matter, pH, visual assessment and evaluation based on silage pH and dry matter 

Treatment trials  

First stage (vegetative)  Second stage (flowering)  Third stage (soft dough)  

DM1 (%) pH 
Visual 

assessment 

Assessment 
based on 

DM and pH 
DM1 (%) pH 

Visual 
assessment 

Assessment 
based on 

the DM and 
pH 

DM1 (%) pH 
Visual 

assessment 

Assessment 
based on DM 

and pH 

Control_  silage without additives 8.83c 6.37c 10-
Acceptable 

Incredible 15.93c 6.36b 14-Good Incredible 22.67b 6.05c 13-Acceptable Incredible 

Silage with 5% molasses 11.78b 4.17e 20-Very good Good 19.04b 4.40cd 20-Very good Good 25.22b 4.95de 19-Very good Incredible 
Silage with 10% molasses 13.83a 4.01e 19-Very good Very good 21.72a 4.32d 20-Very good Good 29.95a  4.59e 20-Very good Good 
Silage with 0.5% urea  8.62c 7.65b 3- Incredible Incredible 16.24c 8.01a 9- Incredible Incredible 23.41b 7.51b 10- Acceptable Incredible 
Silage with 1% urea 8.40c 8.04a 5- Incredible Incredible 16.09c 8.26a 10- Acceptable Incredible 23.86b 8.29a 10- Acceptable Incredible 
Silage with 5% molasses and 0.5% urea 11.94b 5.27d 18-Very good Incredible 19.13b 4.61c 20-Very good Incredible 27.96a 5.34d 19-Very good Incredible 
SEM  0.46 0.32 NA2 NA  0.51 0.34 NA NA 0.63 0.28 NA NA 
P value  ˂0.0001  ˂0.0001  NA NA ˂0.0001  ˂0.0001  NA NA ˂0.0001  ˂0.0001  NA NA  
1Dry matter 
2Not Applicable 
a-e Different letters in each column indicate significant differences at P<0.05. 
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Table 3. In situ dry matter disappearance (%) of Brasica juncea forage in three phenological growth stages 

using the nylon bag in different time intervals 
72  48  24  12  8  4  0  Time (hour)  

64.03a  59.30a  53.29a  49.91a  43.64a  41.47a  32.82a  First stage (vegetative)  
47.39b  49.99b  39.47b  36.47b  33.88b  30.95b  26.88b  Second stage (flowering)  
43.50b  42.21c  39.13b  37.31b  34.02b  30.21b  27.02b  Third stage (soft dough)  
3.21  2.63 2.38 2.29 1.95 2.22 1.126 SEM  

˂0.0001  0.002 ˂0.0001  0.0009 0.03 0.04  0.01 P value  
a-c Different letters in each column indicate significant differences at P<0.05. 
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Table 4. Different parameters of degradation and effective degradability of dry matter in passing rates of 2, 5 
and 8% in three phenological growth stages of Brasica juncea forage  

Effective rate degradability 
 (% per hour)  

  
Different degradability parameters 

 (%) 
 

0.08  0.05 0.02 c a+b b  a  Parameter  
45.93a  49.23a  55.26a  0.06  63.40a  29.50a  33.90a  First stage (vegetative)  
35.03b  37.60b  42.66b  0.04  50.36b  23.46b  26.90b  Second stage (flowering)  
34.60b  36.43b  39.46b  0.08  43.03c  16.43c  26.60b  Third stage (soft dough)  
1.97 2.15  2.48  0.01  3.00  1.96  1.25  SEM 
0.001  0.001  0.0002  0.30  ˂0.0001  0.0004  0.0008  P value  

a-c Different letters in each column indicate significant differences at P<0.05. 
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Table 5. In situ dry matter disappearance kinetics of Brassica jincea silage treated with molasses and urea 
additives at three phenological growth stages  

72  48  24  12  8  4  0  Time (hour)  
Effects of growth stage  

57.45a 50.94a 49.04a 44.33a 41.84a 36.09a 31.98a First stage (vegetative)   
45.14b 48.22b 43.10b 39.39b 34.58b 31.99b 28.28b Second stage (flowering)   
40.73c  44.80c  41.25b  34.67c  32.03c 27.89c 25.98c Third stage (soft dough)   

Effects of treatments  

48.58b 45.91bc 39.20c 35.36c 31.46c 27.18c 25.00c Control_  silage without 
additives   

47.81b 47.54b 47.43b 42.40b 37.93b 33.99b 30.10b Silage with 5% molasses   
44.54a 55.50a 54.34a 49.39a 46.79a 41.86a 38.80a Silage with 10% molasses   
41.38c 42.28d 40.30c 33.66c 30.92c 27.39c 23.22c Silage with 0.5% urea   
41.72c 43.25cd 37.71c 32.89c 30.36c 27.77c 22.61c Silage with 1 % urea   

51.60ab 53.44a 47.78b 43.08b 39.45b 34.76b 31.85b Silage with 5% molasses 
and 0.5% urea   

Effects interaction between plant growth stage and treatments  

55.72  48.03cdef  41.11def  36.90efghi  33.45efg  29.05  24.56cd  Control_  silage without 
additives 

F
ir

st
 s

ta
g

e 
(v

eg
et

at
iv

e)
  

57.27  53.06bcd  52.13bc  49.66abc  45.50bc  40.00  35.73ab  Silage with 5% molasses 
66.76  62.66a  62.54a  57.29a  53.50a  45.89  43.39a  Silage with 10% molasses 
47.97  41.35g  41.88def  33.92fghi  33.80ef  31.21  24.92cd  Silage with 0.5% urea 
51.57  41.69g  38.41ef  34.42fghi  34.67ef  29.37  23.73cd  Silage with 1 % urea 

65.38  58.80ab  58.12ab  53.75ab  50.10ab  41.00  39.53a  Silage with 5% molasses 
and 0.5% urea 

48.61  44.72efg  41.72def  37.98efgh  31.57efg  28.86  26.54cd  Control_  silage without 
additives 

S
ec

o
n

d s
ta

ge
 

(f
lo

w
er

in
g

)
  

47.19  45.96cdefg  45.87cde  42.32cdef  36.94de  34.33  30.75bc  Silage with 5% molasses 
48.46  52.51bcde  48.72cd  44.06cde  41.43cd  39.70  37.04ab  Silage with 10% molasses 
40.72  44.72efg  39.37def  38.20efgh  30.85efg  27.65  24.12cd  Silage with 0.5% urea 
39.02  47.70cdefg  39.03def  34.20fghi  29.45fg  26.87  20.83d  Silage with 1 % urea 

46.81  53.70bc  43.86cdef  39.57defg  37.23de  34.54  30.35bc  Silage with 5% molasses 
and 0.5% urea 

41.39  44.96defg  34.78f  31.18ghi  29.36fg  23.62  23.90cd  Control_  silage without 
additives 

T
h

ir
d

 s
ta

g
e (

so
ft

 
d

o
u

gh
)

  

38.96  43.60fg  44.28cdef  35.21fghi  31.33efg  27.64  26.49cd  Silage with 5% molasses 
51.39  51.32bcdef  51.75bc  46.82bcd  45.42bc  40.00  35.95ab  Silage with 10% molasses 
35.44  40.75g  39.64def  28.86i  28.11fg  23.32  20.61d  Silage with 0.5% urea 
34.57  40.35g  35.68f  30.05hi  26.94g  24.05  23.25cd  Silage with 1 % urea 

42.60  47.81cdefg  41.36def  35.90efghi  31.02efg  28.72  25.68cd  Silage with 5% molasses 
and 0.5% urea 

1.32  0.91  1.09  1.14  1.09  0.99  0.97  SEM   
˂0.0001  ˂0.0001 ˂0.0001  ˂0.0001  ˂0.0001  ˂0.0001  ˂0.0001  Effects of growth stage  

P va
lu

e
 

˂0.0001  ˂0.0001  ˂0.0001  ˂0.0001  ˂0.0001  ˂0.0001  ˂0.0001  Effects of treatments  

0.21 0.003  0.008 0.0002 0.0003 0.52 0.03  Effects interaction 
a-i Different letters in each column indicate significant differences at P<0.05. 
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Table 6. Different rumen kinetics and effective degradability of dry matter in passage rates of 2, 5 and 8 % in 
Brassica juncea silage at three phenological growth stages treated with molasses and urea  

Effective degradability  rate 
(% per hour) 

  
Degradability parameters 

(%) 
  

0.08  0.05 0.02 c a+b b a  

Effects of growth stage  
41.87a 44.53a 49.62a 0.066 58.01a 25.93a 32.18a First stage (vegetative)  
36.58b 38.81b 42.70b 0.072 48.30b 20.64b 27.66b Second stage (flowering)  
33.41c 35.52c 39.19c 0.073 43.52c 19.42b 24.66c Third stage (soft dough)  

Effects of treatments  

32.87c 35.63c 41.68d 0.04b 53.75ab 29.11a 24.64c Control_  silage without 
additives  

29.51b 41.53b 44.84c 0.09a 48.60bc 18.76b 29.84b Silage with 5% molasses  
47.16a 49.18a 52.50a 0.08a 56.32a 18.23b 38.09a Silage with 10% molasses  
32.11c 34.37c 38.24e 0.07ab 43.17c 20.53b 22.70c Silage with 0.5% urea  
31.37c 33.74c 38.00e 0.06ab 43.37c 21.80b 22.68c Silage with 1% urea  

40.72b 43.27b 47.74b 0.07ab 54.47ab 23.54b 30.92b Silage with 5% molasses and 
0.5% urea  

Effects interaction between plant growth stage and treatments  

34.33ef  37.63ef  45.30cde  0.03  63.03a  37.43a  25.60cd Control_  silage without 
additives 

F
ir

st
 s

ta
g

e 
(v

eg
et

at
iv

e)
 45.80bc  47.96bc  51.70b  0.09  56.16ab  21.10b  35.06ab  Silage with 5% molasses 

53.70a  56.36a  60.70a  0.08  65.63a  23.40b  42.23a  Silage with 10% molasses 
34.10ef  36.40efgh  40.76efg  0.07  47.60bcd 22.23b  25.56cd  Silage with 0.5% urea 
33.56ef  36.20efgh  41.76def  0.04  52.23abc  26.36ab  25.86cd  Silage with 1% urea 

49.73ab  52.60ab  57.46a  0.08  63.40a  25.03ab  38.36a  Silage with 5% molasses and 
0.5% urea 

34.26ef  36.83efg  42.13def  0.05  51.23abc  25.36ab  25.86cd  control_  silage without 
additives 

S
ec

o
n

d
 s

ta
g

e 
(f
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w
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g
) 

38.93de  40.86de  43.86cdef  0.09  47.16bcd  17.16b  30.00bc  Silage with 5% molasses 
42.96cd  44.63cd  47.56bcd  0.06  51.30abc  14.70b  36.60ab  Silage with 10% molasses 
33.20ef  35.43efgh  38.96efgh  0.08  42.83bcd  19.63b  23.20cd  Silage with 0.5% urea 
31.56f  34.20fgh  38.53fgh  0.07  43.30bcd  22.86b  20.43d  Silage with 1% urea 

38.56de  40.90de  45.13cde  0.07  54.00abc  24.13ab  29.86bc  Silage with 5% molasses and 
0.5% urea 

30.00f  32.43fgh  37.60fgh  0.04  47.00bcd  24.53ab  22.46cd  control_  silage without 
additives 

T
h

ir
d

 s
ta

g
e 

(s
o

ft
 

d
o

u
gh

) 33.80ef  35.76efgh  38.96efgh  0.08  42.46bcd  18.00b  24.46cd  Silage with 5% molasses 
44.80bc  46.53c  49.23bc  0.10  52.03abc  16.60b  35.43ab  Silage with 10% molasses 
29.03f  31.26gh  35.00gh  0.07  39.06cd  19.73b  19.33d  Silage with 0.5% urea 
28.96f  30.83h  34.03h  0.06  34.56d  16.16b  21.73cd  Silage with 1% urea 

33.86ef  36.30efgh  40.63efg  0.07  46.00bcd  21.46b  24.53cd  Silage with 5% molasses and 
0.5% urea 

1.004  1.005  1.009  0.004  1.30  0.93  0.97  SEM  
˂0.0001  ˂0.0001  ˂0.0001  0.79 ˂0.0001  0.0024 ˂0.0001  Effects of growth stage  

P
 v

al
u

e
 

˂0.0001  ˂0.0001  ˂0.0001  0.03 ˂0.0001  0.0019 ˂0.0001  Effects of treatments  

0.0002  0.0001 0.0021  0.88 0.89  0.67  0.18  Effects interaction 
a = rapidly degradable fraction/ b= slowly degradable fraction a+b= potential degradability fraction / c= constant rate 
of degradation 
a-h Different letters in each column indicate significant differences at P<0.05. 
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Fig. 1. The changes in silage temperature up to 144 hours after opening the silos  
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Fig. 2. The changes in silage pH up to 144 hours after opening the silos  
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Abstract 

The aims of the current study were to investigate the in vitro dry matter degradation of mustard (Brassica 
juncea) forage in various stages of growth, and the impact of molasses and urea on the quality of its silage. In 
the first trial, chemical composition including dry matter and crude protein in three phenological development 
stages (vegetative, flowering and soft dough) was measured. Then 1.5 kg of fresh mustard forage were chopped 
and mixed with molasses and urea and ensiled in the laboratory silos. Different treatments were applied, 
including control (no additive), 5 or 10% molasses, 0.5 or 1% urea, and 0.5% urea plus 5% molasses. The 
silages were kept for 45 days at room temperature. Then dry matter of silages was determined, silages 
appearance, pH and temperature were evaluated. In the second trial, the dry matter degradability of plant and 
mustard (Brassica juncea) silage were measured by nylon bag method. Advancing plant development and 
maturity stages significantly (P< 0.05) increased dry matter and decreased crude protein contents. Evaluation of 
the appearance revealed that the silages, with different levels of molasses, established good and very good 
qualities. During the ensiling, dry matter was decreased significantly (P< 0.05) and the silages with molasses 
additive had significantly higher dry matter than the others (P< 0.05). Silage pH was decreased (P<0.05) by 
adding molasses, and increased by urea. Aerobic stability of silages in vegetative and flowering stages was 
significantly higher than the soft dough stage (P<0.05). In all plant developmental phases, the highest 
percentage of dry matter disappearance, the rapid decomposition, the potential degradability and effective 
degradability were belonging to silage treated with molasses and the highest part of slow degradability was 
belonging to the silage without additive.  
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