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Introduction 
Fractionation in bio-refineries of green biomasses such as grass yields a fibrous pulp which 
can be fed to cows (Damborg et al., 2019). During fractionation, green juice and thereby a 
large amount of soluble nutrients are extracted and can therefore not be used for microbial 
fermentation in the pulp during ensiling. If the amount of substrate is insufficient, a formation 
of undesired fermentation patterns or high losses may occur. Application of silage additives 
may counteract this, if the additive ensures that substrate is abundant or a specific microbial 
population is favoured, e.g. homofermentative lactic acid bacteria. After heat precipitation of 
protein from the green juice, a residual liquid termed brown juice remains, which, among 
other compounds, has high concentrations of carbohydrates and inorganic minerals 
(Jørgensen et al., 2021). Transfer of the brown juice back to the pulp may ensure sufficient 
amounts of substrate for the microbial fermentation. The fermentation process can be 
monitored by investigating the fermentation weight loss (Samarasinghe et al., 2019), which is 
a measure of losses through CO2. In the current experiment, the effect on ensiling 
characteristics of pulp by applying different silage additives were investigated.  

Materials and Methods  
Grass (Lolium perenne) was harvested late summer 2019 at Aarhus University – Research 
center Foulum (Denmark) after 35 or 44 days of regrowth, corresponding to an early (ERL) 
and a late (LAT) developmental stage, respectively. Within each developmental stage, grass 
was harvested and fractionated immediately using a screw press (5 t h-1). The pulp remaining 
after the first fractionation was rehydrated and fractionated a second time to extract additional 
protein. Within each developmental stage, pulp remaining after the second fractionation was 
sampled at two occasions during the production and then used as true replicates for the 
ensiling experiment. The pulp was treated in one of 6 ways: no addition of additives (CON), 
addition of sugar (SUG), addition of lactic acid bacteria (LAB), addition of both sugar and 
lactic acid bacteria (S+L), addition of raw brown juice (RBJ), and addition of concentrated 
brown juice (CBJ). For all treatments, 5 kg (fresh weight) of pulp was weighed into 
polyamide-polyethylene plastic bags and respective compounds were then added as followed. 
A 60 % solution of sugar (sucrose) mixed in water was added to the pulp using a spray bottle 
(167 g of the solution equal to 100 g sugar) when making SUG. A solution was made from 
mixing 10 g of homofermentative lactic acid bacteria (FeedtechTM Silage 10, Delaval) in 1 L 
of deionized water, and 5 g of the solution was added to pulp when making LAB. The same 
procedure was followed when making S+L. A total of 3.5 kg of brown juice recovered after 
extraction of protein from the first fractionation was mixed into the pulp when making RBJ. 
At each developmental stage, some raw brown juice was upconcentrated 12 and 33 times by 
membrane filtration, and therefore 298 and 107 g of concentrated brown juice was added to 
pulp at ERL and LAT, respectively, when making the CBJ. All silage additives were added 
while mixing the pulp by hand, after which the bags were sealed and weighed. Fermentation 
weight loss (FWL) was measured by weighing all bags 0, 1, 7, 14, 30, and 60 days after 
ensiling. Silages were frozen after weighing on d 60 to stop the ensiling process. Thawed 
samples were analysed for DM (60 ℃ for 48 h) and the fermentation pattern. Extracts of 
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thawed samples were analysed for pH, short-chained fatty acids, L-lactate, glucose, and NH3-
N. Data was analysed using PROC MIXED in SAS, and FWL was analysed using a mixed 
model including treatment (n = 6), maturity stage (n = 2), and day of ensiling (n = 6) as the 
main effects, as well as their two-way interactions. Samples measured on the 6 different days 
of ensiling were considered repeated measurements with autoregressive covariance structure. 
When analysing other response variables, day of ensiling was removed from the model.    

Results and Discussion 
The FWL on d 1, 7, 14, 30, and 60 was expressed as the total loss (g) as a proportion of the 
initial weight of fresh matter on d 0 of ensiling and represents the loss of gaseous compounds 
(Table 1). The FWL was higher for treatments where sugar was applied (SUG and S+L).  
Table 1 Effect of treatment, maturity stage, and day of ensiling of pulp on the fermentation weight loss (g/kg 
fresh matter)  

 Treatment1 SEM2 P-value3 

Day CON SUG LAB S+L RBJ CBJ  T M D T×M M×D T×D 
       0.422 <0.01 <0.01 <0.01 <0.01 0.01 <0.01 
Early maturity stage          

1 2.44 3.87 3.69 3.48 2.82 3.48        
7 3.64 8.13 4.79 8.03 3.70 4.60        

14 4.15 9.58 5.49 9.09 4.35 5.35        
30 4.95 10.4 6.29 9.96 4.94 6.30        
60 6.36 12.0 7.59 11.6 6.70 7.62        

Late maturity stage           
1 1.50 1.54 1.46 1.88 1.10 1.55        
7 3.37 7.15 3.50 7.25 2.47 3.43        

14 4.36 9.75 4.49 9.94 3.06 4.31        
30 5.35 11.1 5.69 11.3 4.06 5.68        
60 6.66 12.5 6.78 12.7 5.30 7.24        

1CON = Control silage (no addition of additives), SUG = addition of sugar, LAB = addition of 
homofermentative lactic acid bacteria, S+L = addition of both sugar and homofermentative lactic acid bacteria, 
RBJ = addition of raw brown juice, CBJ = addition of concentrated brown juice. 2Standard error of mean. 3T = 
Treatment, M = Maturity stage, D = Day of ensiling. 

However, large amounts of raw brown juice was applied in RBJ, resulting in lower DM 
concentration on d 60 of ensiling compared to all other treatments (Table 2). Hence, the loss 
expressed per kg of DM ensiled on d 0 would probably be higher for RBJ compared to CON, 
LAB, and CBJ. The higher increase in FWL for SUG and S+L compared to CON indicated 
that the amount of substrate for microbial fermentation was limited in CON. Although pH 
was lower for SUG compared to CON, no other differences were found in the concentration 
of fermentation acids, when comparing CON to SUG and S+L. The lower pH for SUG and 
higher increase in FWL for SUG and S+L suggested that the initial formation of L-lactate 
occurred faster in these treatments compared to CON. Further, a potentially faster production 
of L-lactate causing a concomitantly rapid reduction in pH in the initial phase of ensiling 
could be the reason why NH3-N concentration was lower in SUG and S+L compared to 
CON. No differences in FWL or the fermentation characteristics were found between LAB 
and CON, indicating that either abundant amounts of microbes were present in CON or that 
substrate for microbial fermentation was the limiting factor. However, combining application 
of both substrate and homofermentative bacteria (S+L) did not show any additive effect on 
fermentation characteristics compared to SUG or LAB, indicating that substrate for 
fermentation was probably the main limiting factor. With the low DM concentration in RBJ, 
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a larger amount of especially L-lactate was required to reduce pH to levels similar to CON. 
However, L-lactate concentration was lower and pH higher in RBJ compared to both CON 
and CBJ. Interestingly, concentrations of acetate, propionate, and caproate were higher in 
RBJ compared to CON and CBJ. The specific composition of raw and concentrated brown 
juice was unknown in the current experiment, but they were both chosen as additives because 
the liquid is easily transferred back to pulp in practice and because the liquid is a potential 
source of readily fermentable substrate. However, both RBJ and CBJ had a distinct foul 
odour when bags were opened after ensiling, and based on the present study this approach 
therefore cannot be recommended on practical farms. In general, CON ensiled well compared 
to the corresponding chopped silage (Hansen et al., 2020), mainly due to its lower buffer 
capacity. 
Table 2 Effect of treatment and maturity stage pulp on the fermentation characteristics after 60 days of ensiling  

 Maturity 
stage 

Treatment1 
SEM2 P-value3 

Analyte CON SUG LAB S+L RBJ CBJ T M T×M 
DM,  
g kg-1 

Early 393a 397a 387a 397a 235b 392a 14.3 <0.01 0.01 0.96 
Late 365a 358a 366a 363a 219b 362a     

pH Early 3.98bc 3.83d 3.98b 3.89cd 4.30a 4.05b 0.030 <0.01 0.26 0.07 
Late 4.02bc 3.91d 4.08b 3.92cd 4.21a 4.03b     

L-Lactate,  
g kg-1 DM 

Early 31.1a 34.1a 32.1a 34.2a 16.7b 30.2a 2.31 <0.01 0.37 0.19 
Late 31.9a 31.4a 30.9a 33.3a 26.4b 32.1a     

Acetate,  
g kg-1 DM 

Early 20.8C 20.4C 21.7C 20.1C 40.7A 23.1C 1.10 <0.01 0.04 0.03 
Late 20.7C 20.8C 20.9C 20.9C 33.3B 21.6C     

Propionate,  
g kg-1 DM 

Early 3.26b 1.56b 3.33b 1.53b 8.82a 3.37b 0.679 <0.01 0.11 0.24 
Late 3.77b 3.54b 3.78b 3.55b 7.61a 3.67b     

Caproate,  
g kg-1 DM 

Early 0.258b 0.256b 0.264b 0.250b 0.428a 0.269b 0.0125 <0.01 0.12 0.12 
Late 0.284b 0.279b 0.285b 0.284b 0.389a 0.277b     

Glucose,  
g kg-1 DM 

Early 0.372 0.348 0.351 0.464 0.334 0.35 0.146 0.80 0.14 0.97 
Late 0.460 0.437 0.474 0.662 0.601 0.38     

NH3-N,  
g kg-1 DM 

Early 0.819a 0.628c 0.782ab 0.641bc 0.908a 0.929a 0.0502 <0.01 <0.01 0.42 
Late 1.04a 0.790c 1.01ab 0.855bc 1.08a 0.961a     

1CON = Control silage (no addition of additives), SUG = addition of sugar, LAB = addition of 
homofermentative lactic acid bacteria, S+L = addition of both sugar and homofermentative lactic acid bacteria, 
RBJ = addition of raw brown juice, CBJ = addition of concentrated brown juice. 2Standard error of mean. 3T = 
Treatment, M = Maturity stage.a-dValues within same analyte with different lowercase superscripts differ 
between treatments (P < 0.05). A-CValues within same analyte (across maturity stage) with different uppercase 
superscripts differ due to a significant T×M interaction (P < 0.05). 
Conclusions 
Pulp of grass fractionated twice in a screw-press ensiled well. Addition of substrate seemed 
to increase fermentation weigth loss and decrease the pH. Addition of homofermentative 
lactic acid bacteria did not affect the fermentation pattern, indicating that substrate for 
microbial fermentation was the limiting factor for ensiling. Application of raw or 
concentrated brown juice cannot be recommended for use on practical farms.  
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