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Juice expressed from alfalfa (Medicago sativa) has a high protein content. Rubisco 
(Ribulose 1,5-bisphosphate carboxylase/oxygenase) is the main soluble protein of 
alfalfa juice with potential applications in many fields, such as human nutrition, 
pharmaceuticals, environmental... In order to recover Rubisco, an ion-exchange process 
in expanded bed mode (EBA) was studied. The expanded bed allows the treatment of 
crude extracts, and charged and viscous solutions. The anionic resin Q Hyper Z, 
especially developed for protein separation in such a process, was used. 
Juices at different Rubisco concentrations and ionic strengths were treated. 
Breakthrough curves and dynamic capacity at 10% (Q10%) were determined for each 
experiment. Results showed that the working capacities are significant, even when Q10% 
decreases for highly concentrated solutions. Finally, optimal elution conditions were 
analyzed. The application of 0.5 M NaCl in fixed bed mode at very small throughput 
produced high concentrated fractions with good purity. 

1. Introduction 
In biorefinery and food processing industry, alfalfa (Medicago Sativa) is treated by two-
step process that consists on mechanical compression and drying, usually called 
dewatering in France (Hamm, 2001). This process results in solid fraction (press cake) 
usable for animal feeds and liquid fraction (green juice) containing suspended matter and 
soluble compounds (e.g. vitamins, amino acids, leaf proteins…). Both fractions have an 
economic value. Many studies took a particular interest in peptides and proteins 
recovering from green juice since they can be beneficially used in the food, chemical or 
pharmaceutical industries. Indeed, leaf proteins have been recognized by FAO as a 
potential and effective source of high quality proteins for human consumption due to their 
abundance of source, nutritive value, and free of animal cholesterol (Chen and Qiu, 2003). 
In addition, leaf proteins have interesting properties for food and pharmaceuticals systems. 
Several researches deal with leaf proteins concentrate (LPC) production from alfalfa juice. 
Most of processes developed consist on fractionation of the green juice by heat 
coagulation, pH adjustment, precipitation with solvents, centrifugation and combination of 
some of these techniques leading to a “whole juice LPC”, a green or white LPC (Kohler 
and Knuckles, 1977; Pirie, 1969; Telek, 1983). White fraction LPCs from alfalfa have 
been shown to have a good balance of amino acids which are not significantly different 
from those of casein (Bickoff et al., 1975). However, evaluation of various preparations of 



alfalfa LPC has shown that the heat coagulated LPC had low solubility over a wide pH 
range (Lamsal et al., 2007). Therefore the application of such heat-coagulated LPCs in 
food industry still limited. The main soluble protein of alfalfa juice is Rubisco (Ribulose-
1,5-bisphosphate carboxylase/oxygenase). It comprises up to 65% of the total soluble 
proteins in leaf extracts of all photosynthetic leaves (Ellis, 1979). Due to its natural 
abundance its physicochemical properties, Rubisco could be obtained in good yield at a 
high purity. Rubisco is one of the largest proteins in nature with a molecular weight of 
about 560 kDa. It is a hexadecamer protein, comprising eight large subunits (56 kDa each) 
and eight small subunits (14 kDa each) (Douillard and Mathan, 1994).  
Recovery of proteins from crude plant extract such alfalfa green juice is usually performed 
through a combination of different unit operations which consist in different separation 
units like solid-liquid separation, concentration, purification…These steps combined to 
coagulation methods are expensive and may represent an important increase in leaf protein 
concentrate production costs. In addition to the cost, the required time of such processes is 
very important which contributes to the alteration of the target protein (hydrolyse, 
aggregation…). Expanded bed adsorption (EBA) has been proven as an efficient 
technology to capture target proteins directly from feedstocks and crude extracts (Hjorth, 
1997; Hamilton et al., 2000; Hubbuch et al., 2005). Compared to the classic process, the 
EBA combines solid-liquid separation with an adsorption step in a single unit operation 
with the advantages of increased overall yield and reduced operation time, as well as 
lower cost for capital investment and consumables (Xia et al., 2007). The aim of the 
current investigation is to evaluate the use of EBA for the recovery of soluble proteins, 
particularly Rubisco from industrial alfalfa juice by using an ion exchanger. The effect of 
initial Rubisco concentration on the dynamic capacity was studied. Operational 
parameters such as elution flow rate were used in order to understand process mechanisms 
and limitations. Finally, optimal conditions of Rubisco recovery are proposed. 

2. Materials and Methods 
2.1 Raw material preparation 
Industrial juice resulting from pressing of Medicago Sativa was provided by Luzerne 
R&D (ARD, France) as a spry-dried green powder (96.4%). Juice was prepared by 
solubilisation of this powder in ultra purified water to obtain a 10% dry matter (crude 
juice). Then it was centrifuged at 4°C for 10 minutes and at 5000 g to remove large size 
cell debris. Even when literature considers EBA able to treat solutions charged with 
solids, in a first approach, particles have been eliminated in this work. Crude juice was 
used directly or diluted 6 (juice 1) or 10 (juice 2) times. All juices obtained were 
analysed by a specific HPLC SEC method (Kerfai et al., 2011) to determine their initial 
Rubisco content. Characteristics of prepared juices are summarised in Table 1.  

Table 1:  Characteristics of Alfalfa juices treated by EBA process  

 Crude juice Juice 1 Juice 2 
Conductivity (mS.cm-1) 16.9 2.1 1.2 
Rubisco content (g.L-1)  13,35 2.20 1.13 



2.2 Ion exchanger 
Q Hyper Z anion exchanger was provided by Pall Corporation (PALL BioSepra, Cergy, 
France). This adsorbent composed of hydrogel-filled porous zirconium oxide particles 
was used for expanded bed adsorption application. It is characterised by a particle size 
distribution going from 40 to 105 μm, a dry density of 3.1 mg.mL-1. 

2.3 Experimental set-up and loading protocols  
The expanded bed system used in this work consisted of a Streamline C-25 column (25 
mm i.d.) (GE Healthcare, Uppsala, Sweden) packed with 49 ml (10 cm settled bed 
height) of Q Hyper Z, connected to a peristaltic pump and a UV detector. The ion 
exchanger was equilibrated with 100 mM phosphate buffer, pH 5.8, during 1 h in 
expanded mode at flow velocities of 305 cm h-1 at which bed height is close to 20.5 cm. 
When the bed was stabilised at 20.5 cm, alfalfa juice was applied to the column at a 
superficial velocity of 318 cm.h-1. The breakthrough was monitored by sampling 
effluent and protein concentration measurement (C) by HPLC SEC, like in feed 
solutions (Kerfai et al., 2011). The experiment was carried out for the three juices 
presented in Table 1. 
In order to determine the dynamic capacity (Q10%) the normalized effluent concentration 
(C/C0) was plotted versus the amount of juice loaded. Q10% was calculated as follows: 
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where Vp is the porous volume of the system (ml) and V10%(ml) represents the volume 
of solution treated when outlet concentration is C/C0 = 0.1. 

2.4 Elution 
After application of the total juice volume, the column was washed with ultra purified 
water until the conductivity of the effluent reached the conductivity of water. Washing 
was performed in expanded mode. Elution was then achieved by using 0.5 M NaCl. 
Two elution protocols were tested: in expanded mode at a superficial velocity of 160 
cm.h-1 and, in fixed bed mode at a superficial velocity of 24 cm.h-1. In the last case, the 
upward flow was stopped, the particles were settled in the column, and the adaptor was 
moved down to the settled bed surface. Fractions of 10 mL were collected during 
elution by using a fraction collector. The analysis of eluted fractions by HPLC SEC 
method allowed determining concentration and purity of the target protein. 
Subsequently, cleaning-in-place of the adsorbent bed was performed using 1M NaCl 
and distilled water. 

3. Results and Discussion 
3.1 Dynamic capacity determination 
Rubisco breakthrough curves obtained for each juice are showed in Figure 1. As can be 
observed, for the experimental conditions applied, the saturation was not achieved in 
columns, and only dynamic capacity can be analyzed.    
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Figure 1: Experimental breakthrough curves for Rubisco obtained for a Q Hyper Z 
column in expanded bed mode at constant superficial velocity of 318 cm.h-1. Feed 
solutions were the juices indicated in Table 1. 

The dynamic capacity for each experimental condition was determined when the 
Rubisco concentration in the column effluent reached 10% of the initial concentration. 
Table 2 summarizes Q10% obtained for each experiment. It can be observed that Q10% 
decreased to 5.4 mg Rubisco/g Q Hyper Z for highly concentrated juice. The high conductivity 
of this juice could explain this result. Thus, it is recommended to reduce the salinity of 
alfalfa juice before its treatment. The total amount of fixed Rubisco was determined for 
each breakthrough curve (Table 2). This parameter can not be used to analyze 
experiments because the curves are not completed. Anyway mass balances must be 
verified when compared with elution experiments.   

Table 2: Q10% and elution yield obtained for different experimental conditions  

 Crude juice Juice 1 Juice 2 
Q10% (mgRubisco/gQ Hyper Z) 5.4 (±0.55) 8.0 (±0.80) 6.5 (±0.65) 
Rubisco binding (g) 1.31 (±0.13) 1.11 (±0.11) 1.15 (±0.11) 
Recovered Rubisco (g) 1.34 (±0.13) 1.16 (±0.11) 0.32 (±0.03)  
Elution yield (%) 100 100 27.8 

3.2 Rubisco recovery 
Elution was carried out in fixed bed mode after loading experiments performed with 
crude juice and juice 1. For the juice 2, elution was performed in expanded bed mode. 
Eluted fractions were analyzed by a specific Rubisco HPLC SEC method. Figure 2 
shows chromatograms obtained for fractions (4 to 9) during experiment performed with 
juice 1. The first fractions eluted correspond to purified Rubisco since only the 
characteristic Rubisco peak was detected, without any contaminant. 
Determination of Rubisco concentration from HPLC SEC chromatograms allowed 
plotting elution curves (Figure 3). The amount of Rubisco eluted for each loading 
experiment was then calculated by integration of the elution curves. As summarized in 
Table 2, elution yield of Rubisco in expanded bed mode was 27.8% of fixed proteins 
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while 100% of fixed Rubisco was eluted in fixed bed mode. Elution fractions obtained 
in fixed bed showed Rubisco concentrations up to 60 g.L-1. 

 

Figure 2: HPCL SEC chromatograms obtained for fractions 4 to 9 eluted in fixed bed 
mode at 24 cm.h-1 with 0.5 M NaCl. Column has been previously loaded by application 
of EBA process to juice 1.  

Figure 3: Elution curves of Rubisco performed with 0.5 M NaCl. (a)Fixed bed mode 
elution at 24 cm.h-1 from loading experiment performed with juice 1, (b) perfomed with 
crude juice, (c) Elution curve in expanded bed mode at 160 cm.h-1 for juice 2. 

4. Conclusion 
This study showed that recovery of Rubisco from centrifuged alfalfa juice by expanded 
bed ion exchange process using Q Hyper Z can be an interesting process. Fractions 
obtained have a high concentration in Rubisco (up to 60 g.L-1, concentration factor from 
5 to 21) and good purity. Nevertheless, a dilution step of the juice before EBA 
application can be interesting in order to reduce its ionic strength and increase the 
dynamic capacity of the adsorbent.   

0

200

400

600

800

1000

7 9 11 13 15 17
Elut io n vo lume (ml)

A
bs

or
ba

nc
e 

28
0 

nm

Fraction 4

Fraction 5 (1: 20)

Fraction 6 (1:20)

Fraction 7 (1:20)

Fraction 9 (1:6)

0

20

40

60

80

100

120

140

7 9 11 13 15 17
Elut io n vo lume (ml)

A
bs

or
ba

nc
e 

28
0 

nm



References 
Betsschart A., 1974, Nitrogen solubility of alfalfa protein concentrate as influenced by 

various factors. Journal of Food Science, 39(6), 1110–1115. 
Bickoff E.M., Booth A.N., de Fremery D., Edwards R.H., Knuckles B.E., Miller R.E., 

Saunders R.M. and Kohler G.O., 1975, Nutritional evaluation of alfalfa leaf protein 
concentrate. In "Protein Nutritional Quality of Foods and Feeds.  Marcel Dekker, Inc 
., New York, USA 

Chen W. and Qiu, Y., 2003, Leaf protein’s utilization status and its prospect. Food 
Science, 24(2), 158–161. 

Douillard R. and Mathan O., 1994, Leaf proteins for food use: Potential of RUBISCO. 
In “New and developing sources of food proteins”, Chapman & Hall, London , UK, 
307-342. 

Ellis R.J., 1979, The most abundant protein in the world. Trends in Biochemical 
Sciences, 4, 241–244. 

Hamm M., 2001, Industrial dehydration of Luzern: Effect of drying temperature on the 
parietal network PhD Thesis. INRA Université de Reims Champagne-Ardenne, 
France (in French) 

Hamilton G.E., Luechau F., Burton S.C. and Lyddiatt A., 2000, Development of a 
mixed mode adsorption process for the direct product sequestration of an 
extracellular protease from microbial batch cultures, Journal of Biotechnology, 79, 
103–115. 

Hjorth R., 1997, Expanded-bed adsorption in industrial bioprocessing: recent 
developments. Trends Biotechnology, 15, 230-235. 

Hubbuch J., Thommes J. and Kula M., 2005, Biochemical engineering aspects of 
expanded bed adsorption. Advances in Biochemical Engineering/Biotechnology, 92, 
101–123 

Kerfai S., Fernendez A., Mathé S., Alfenore S. and Arlabosse P., 2011, Production of 
green juice of an intensive thermo-mechanical fractionation process. Part II: Effects 
of processing conditions on the liquid fraction properties. Chemical Engineering 
Journal, 167, 132-139. 

Kohler G.O. and Knuckles B.E., 1977, Edible protein from leaves, food technology, 31, 
191. 

Lamsal B.P., Koegel, R.G., Gunasekaran, S., 2007, Some physicochemical and 
functional properties of alfalfa soluble leaf proteins. LWT, 40, 1520-1526 

Pirie N.W., 1969, The present position of research on the use of leaf protein as a human 
food, Plants Foods  for Human Nutrition, 1, 237-246. 

Telek L., Graham H.D., 1983, Leaf Protein Concentrates, AVI Publishing Company, 
Westport, CT, USA. 

Xia H.F., Lin D.Q. and Yao S.J., 2007, Evaluation of new high-density ion exchange 
adsorbents for expanded bed adsorption chromatography, Journal of 
Chromatography A, 23, 58-66. 


