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Camelina sativa, a sustainable, short-season cover crop high in protein (30%), is
gaining interest due to the increasing global demand for protein-rich products and
for novel plant proteins. Effective methods for protein extraction have yet to be
developed for camelina. In order to create a functional, market-viable ingredient, an
efficient means of protein extraction needs to be established.

Our objective was to develop an extraction method that maximized protein
recovery, while maintaining the quality and functionality of the protein.

Protein extraction by pH solubilization and salt precipitation, with and without the
use of cell wall enzymes, was tested and optimized. Camelina meal obtained from
hot and cold press was further defatted by hexane and analyzed for protein content.
Protein from defatted camelina meal (DCM) was extracted following degumming
and pH solubilization at pH 12 followed by precipitation at pH 5. Heating at 50˚C and
cell wall enzymes were applied during the extraction process to maximize protein
recovery. Salt precipitation was also carried out on DCM by solubilizing the protein
using 0.05 M phosphate buffer (pH 8, 1 M NaCl) followed by precipitation using 85%
saturated ammonium sulfate solution, and desalting. Protein purity of the extracts
and yield were determined. Proteins extracted by the optimized methods were
evaluated for structural characteristics including surface hydrophobicity, protein
profiling, and zeta potential. Protein functionality was assessed by determining
solubility, emulsifying and foaming properties, gelation, and water holding capacity.

Salt precipitation resulted in the greatest percentage of recovered protein and
produced a purer and more functional final protein extract than pH solubilization.

Our results indicated that a functional protein concentrate can be extracted from
camelina seeds. Further investigation is needed to improve the functional properties
of camelina protein for food applications.

ABSTRACT

• Because of the strong link between protein-rich diets and physiological benefits, the
global demand for protein ingredients has increased over the past decade and is
expected to rise to nearly $50 billion by 2025 (1).

• Plant proteins accounted for 40% of the global protein market in 2015 and are
expected to continue to gain more market share. Plant proteins are valued for their
competitive pricing and their fulfillment as a vegetarian option, an increasing trend
among consumers (1).

• Plant protein sources other than soy are being sought out as non-allergenic, non
GMO alternatives. Camelina is a protein-rich oil seed that meets this consumer need
(1).

• Camelina has already been adopted for use in biofuels, cosmetics, and animal feed,
but has yet to be researched for human food applications (2).

• Until recently, camelina was solely valued for its oil, while camelina protein has been
considered part of the oil pressing waste stream and was largely neglected (2).

• The combined interests of creating a novel plant protein ingredient while capitalizing
on an oil production byproduct makes camelina protein extraction worthy of study.

• Extracted protein from camelina seeds poses great potential as a functional
ingredient in food products, serving as a structural component, an emulsifier, and a
bioactive ingredient.

• Functional properties can vary based on the processing conditions the proteins are
exposed to during oil pressing and protein extraction methods.

• The objective of this study was to optimize camelina protein extraction methods and
evaluate structural characteristics and functional properties of the resulting extracts
from cold press and hot press camelina meals.

INTRODUCTION

This project was generously supported through a research grant by General Mills.
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RESULTS

• Salt precipitation produced higher protein yields and protein purity than the pH
solubilization method (Table 1).

• Oil pressing temperature had minimal effect on the protein profile (Figure 1). The
selected extraction methods were effective in isolating the proteins present in
the starting material. There were, however, slight differences in the protein
profile between the pH and salt extracted samples.

• In general, camelina proteins are mostly of low molecular weight and some of
the protein subunits are associated by disulfide linkages.

• pH solubilization produced proteins with higher surface hydrophobicity values
(Figure 2) than those extracted by salt precipitation, indicating higher
hydrophobic residues on the surface of the protein and potentially lower
solubility.

• All camelina protein samples showed better solubility at pH 3.4 than at pH 7.0
(Table 3). Heating did not greatly impact solubility at pH 7.0, but resulted in a
significant drop in solubility at pH 3.4 for salt extracted proteins. It is possible
that the pH extracted proteins were unaffected by heating as they were already
exposed to harsh conditions (extraction at pH 12.0) which could have denatured
the proteins.

• Proteins from salt extraction had overall better solubility than pH extracted
proteins, mostly attributed to lower surface hydrophobicity.

• Salt extracted proteins had higher emulsification and foaming capacity than the
pH extracted proteins (Figures 3 & 4), while all four proteins showed marginal
differences in emulsification and foaming stability. Better emulsification and
foaming properties of the salt extracted proteins could be attributed to higher
solubility.

• pH solubilization produced proteins with better gelling capabilities (Figure 5),
possibly attributed to higher surface hydrophobicity. pH extracted proteins gelled
at lower concentrations than salt extracted proteins (8% vs 12%) and exhibited
higher gel strength than salt extracted protein gels.

DISDISCUSSION

• Salt precipitation produced protein extracts with the highest yield and highest
purity, as well as better solubility, emulsification capacity, foaming capacity.

• Analyses have not shown an effect of oil pressing temperature on protein
structure and function.

• Camelina salt extracted protein exhibited solubility and water holding capacity
comparable to SPI, indicating potential to replace soy protein as a non-GMO,
non-allergenic alternative functional ingredient.

• Functionality of camelina protein is most hindered by poor solubility. Future
work includes experimenting with hydrolyzing camelina protein to improve
solubility. Improved solubility may result in enhanced overall functionality.

• Determining the nutritional quality of camelina protein by PDCAAS will give
insight into the viability of camelina protein being adopted as a new protein
ingredient.

CONCLUSIONS & FUTURE WORKREFERENCE PROTEIN RESULTS

FUNCTIONAL CHARACTERIZATION

Table	1.	Yields	& purity of	protein	extracted	by	optimized	pH	solubilization &	salt	precipitation	methods	from	
cold	&	hot	press	camelina	meal	

Cold pH Cold	Salt Hot	pH Hot	Salt
%	Yield	 39.41 43.34 38.31 33.14

Purity (%	Protein) 71.40 79.59 67.00 79.79
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EXTRACTION OPTIMIZATION

Table 3. Percent	solubility	of	4	camelina	protein	extracts	at	pH	3.4	&	7.0,	non-heated	&	heated	at	80°C	for	30	
min

pH Heat	Treatment	
%	Protein	(w/v)

Cold pH Cold	Salt Hot	pH Hot	Salt
3.4 Non-heated	 40.33	± 0.95 66.05	± 1.16 49.08	± 0.10 62.43	± 1.55

80°C 45.02	± 3.51 61.97	± 13.8 44.94	± 1.83 65.70	± 1.59

7.0 Non-heated	 15.82	± 1.02 45.46	± 0.25 19.75	± 1.08 49.88	± 3.27

80°C 15.39	± 0.35 21.18	± 1.78 19.81	± 1.12 30.78	± 2.01
± Standard	error	(n	=	2)

Table	6.	Percent	water	holding	capacity	for	heat	induced	gels	of	4	
camelina	protein	extracts	

Cold pH
(8%)

Cold	Salt
(12%)

Hot	pH
(8%)

Hot	Salt
(12%)

Water	Holding	
Capacity	(%)

98.8
± 0.80

99.6	
± 0.19

96.1
± 0.92

99.5	
± 0.12

± Standard	error	(n	=	3)
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Table	2.	Structural	&	functional	characterization	results	for	two	reference	proteins,	soy	protein	isolate	(SPI)	&	
whey	protein	isolate	(WPI)

SPI WPI
Surface Hydrophobicity 2155.6	± 54.0 1198.3	± 51.4

Zeta	Potential
pH	3.4 30.6	± 0.24 31.8	± 0.35

pH	7.0 -35.0	± 0.60 -27.3 ± 0.72

Solubility

pH	3.4 Non-heated 42.30	± 1.44 98.45	± 3.17

80°C 64.38	± 6.23 91.30	± 3.46

pH	7.0 Non-heated 101.43	± 2.28 96.68	± 3.42

80°C 107.38	± 10.3 94.10	± 2.61

Emulsification Capacity 1137.1	± 65

Emulsification	Stability 44.0	± 1.4

Foaming Capacity 215	± 15

Foaming	Stability 90.3	± 5.3

Gel	Strength	(12% protein) 494.3 ± 16.8

Water	Holding	Capacity	(12%	protein) 99.33	± 0.26
± Standard	error	(n	=	2)

Table	5.	Foaming	stability	(%)	of	4	camelina	protein	
foams	(0.5%	protein	w/v)

Cold pH Cold	Salt Hot	pH Hot	Salt

83.9	
± 7.0	

85.6	
± 4.1	

85.4	
± 2.1

75.1
± 6.1

± Standard	error	(n	=	2)
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Table 4.	Emulsification	stability	(min)	of	4	camelina	
protein	emulsions	(0.1%	protein	w/v)

Cold pH Cold	Salt Hot	pH Hot	Salt

16.0
± 0.5	

17.4	
± 0.9

17.9	
± 0.4

22.3
± 0.8

± Standard	error	(n	=	3)
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C H A R A C T E R I S T I C M E T H O D S  

Defatted	camelina meal	
preparation

Cold	press	seeds	– pressed	at	25°C	using	a	hydraulic
press	(Carver	Inc,	IN,	USA)
Hot	press	seeds – prepared	at	50°C	in	an	oil	expeller
Milled	to	50	mesh	and	defatted	with	hexane	(2)

Protein	Content Dumas	method	(AOAC	990.03)	using	a	nitrogen	analyzer	
(LECO,	St.	Joseph,	MI) (3)

S
T

R
U

C
T

U
R

A
L Protein Profiling	 SDS	PAGE	(4)

Surface	hydrophobicity Fluorometric assay	(5)
Zeta	potential Electrophoretic	mobility	measurement	by	Zetasizer Nano	

ZS	(Malvern,	UK), ζ potential	calculated	using	
Smoluchowski model	(6)

F
U

N
C

T
IO

N
A

L

Protein solubility 1% protein	solutions,	prepared	at	pH	3.4	and	7.0,	non-
heated	and	80°C	(7)

Emulsification	Capacity	 Oil	titration	method (8)
Emulsification	Stability Spectrophotometric	method	(8)

Foaming	Capacity	&	Stability 0.5% protein	solutions,	blending	and	measuring	change	
in	foam	volume	over	30	min	(9)

Gel Strength Force	required	to	rupture gel	using	TA-TX	Plus	Texture	
Analyzer	(Stable	Micro	Systems	LTD,	Surrey,	UK)	(10)

Water	Holding	Capacity Gravimetric	method (11)

METHODS STRUCTURAL CHARACTERIZATION

Disperse camelina in water & degum
2.5% DCM in water

Stir 1 h, centrifuge to remove 
gums and polysaccharides

Solubilize protein at pH 12.0
Stir 1 h, centrifuge to remove insoluble material

Precipitate protein at pI 5.0
Centrifuge to collect extracted protein

Neutralize, dialyze, and lyophilize 
Prepare protein extracts for further analysis

1.

2.

3.

4.

Discard supernatant

Discard pellet

Discard supernatant

pH SOLUBILIZATION METHOD SALT PRECIPITATION METHOD

Solubilize proteins in phosphate buffer 
5% DCM in buffer (0.05 M, 1 M NaCl, pH 8.0)

Stir 1 h at 50°C
Centrifuge to separate solubilized proteins from insoluble material

Precipitate protein with ammonium sulfate
Bring supernatant with solubilized protein to 85% saturation 

with (NH4)2SO4 
Stir 3 h 

Centrifuge to collect precipitated proteins

Neutralize, dialyze, and lyophilize 
Redisperse protein and prepare extracts for further analysis

1.

2.

3.

Discard pellet

Discard supernatant

F I G U R E 1 . SDS-PAGE gel with Coomasie blue staining, visualizing the
protein profiles of camelina samples under reducing (lanes 2 – 8) and non
reducing (lanes 9 – 15) conditions. Lane 1: Molecular weight marker (MW);
Lane 2: SPI; Lane 3: Cold DCM; Lane 4: Cold pH; Lane 5: Cold salt; Lane 6:
Hot DCM; Lane 7: Hot pH; Lane 8: Hot salt; Lane 9: SPI; Lane 10: Cold DCM;
Lane 11: Cold pH; Lane 12: Cold salt; Lane 13: Hot DCM; Lane 14: Hot pH;
Lane 15: Hot salt. F I G U R E  2 .

F I G U R E  3 .  F I G U R E  4 .  

Method adapted from Li and others (2)

0

50

100

150

200

250

300

Cold	pH Cold	Salt Hot	pH	 Hot	Salt

Fo
am

in
g	
Ca
pa
ci
ty
	(m

L	
fo
am

/g
	p
ro
te
in
)	

F I G U R E 2 . Surface hydrophobicity values for 4 camelina protein
extracts. Error bars denote standard error (n = 3).

F I G U R E 3 . Emulsification capacity values (g oil/g protein) for 4
camelina protein extracts. Error bars denote standard error (n = 3).

F I G U R E 4 . Foaming capacity values (mL foam/g protein) for 4
camelina protein extracts. Error bars denote standard error (n = 3).

F I G U R E 5 . Gel strength for 4 camelina protein gels prepared at
the least gelation concentration (% beneath each bar). Error bars
denote standard error (n = 3).F I G U R E  5 .  

Method adapted from Burgess (12)
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