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Abstract       The increased demand for biodiesel feedstock encourages producers to expand 
areas seeded to oilseed crops.  Biodiesel oil from canola-grade feedstock ranks among the best 
in the production of fatty acid methyl ester (FAME or biodiesel oil).  FAME produced from canola-
quality oilseed grown on salt-affected lands offers new opportunities for increased production 
which counters fuel-versus-food concerns, provided the biodiesel oil meets quality standards.  
The American Society of Testing and Materials (ASTM) have set the North American fuel quality 
standards (D6751-07) for 100% biodiesel oil (B100).  Canola-quality feedstock yield oil low in 
free fatty acids, acids which are not bonded to parent oil molecules.  At biodiesel oil blends 
greater than 20%, these free acids may negatively affect some diesel engine components.  Also, 
solid and dissolved impurities, alkali/alkaline earth metals, and oxidation stability are of concern 
to fuel injection equipment manufacturers.  Typically, oil purity, composition, and biodiesel quality 
depend on the quality of the feedstock supplied.  Processing can improve oil purity, but not 
composition.  Contaminants in biodiesel oil include sulphated ash, sulphur, and metals P, K, Na, 
Ca, Mg, and carbon residue.   
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INTRODUCTION 

     The increased demand for biodiesel feedstock encourages Canadian producers to 

expand areas seeded to canola-grade oilseed crops.  Biodiesel oil production facilities 

operating and announced alone will require over a million tonnes of canola oil feedstock 

per year.  Plus, a federal requirement for 2% biodiesel in diesel by 2012 will demand 530 

million additional litres of the biofuel per year.  If Canadian biodiesel oil producers fail to 

provide sufficient feedstock, the Canadian biodiesel industry will turn to foreign 

suppliers, and local growers will lose markets.  Consequently, the Canola Council of 

Canada has set an annual production target of 15 million tonnes of canola by 2015 to 

meet this demand.  Industry experts identify two major constraints to the development of 

the Canadian biodiesel industry: (1) assured supply of oilseed feedstock, and (2) 

maintenance of the quality of the oil produced (Kemp 2006).  The study reported herein 

addresses the latter constraint.  

 

     Selected varieties of canola tolerate root-zone salinity equally to that of Harrington 

barley (Steppuhn & Raney 2005).  With this knowledge, producers could expand or 

introduce canola crops into the seven million hectares (Figure 1) of cultivated lands 

affected by slight to moderate salinity across the Canadian Prairies identified by 

Steppuhn (1996) and Wiebe et al. (2007); this would put marginal lands to higher-value 

use.  By including a salt-tolerant canola oilseed crop in rotation with barley and/or a 

forage crop, growers have new options with which to control grassy weeds, minimize 

fertilizer inputs, and increase bio-oil production.  In addition, another three million ha of 

sodium-affected (solonetzic) lands offer further canola cropping opportunities.  Together  
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Figure 1.   View of the Canadian Prairies and the 1996 soil salinity risk evaluation based 
on factors which include the existence of root-zone salts; Land and Biological 
Resource Unit, Agriculture and Agri-Food Canada. 
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these 10 million ha of slightly to moderately salt-affected lands represent 1/3rd of the total 

cultivated across the Canadian Prairies.   Canada’s saline lands offer the biodiesel 

industry an opportunity to counter fuel-versus-food concerns. 

 

     Biodiesel oil can be produced from canola-quality oilseed crops grown under an array 

of climatic and soil conditions; yet, environments which may limit biodiesel production 

have not been identified.  Certainly, the biodiesel oil produced from canola grown in salt-

affected soil must meet quality standards before one can promote the use of these lands 

for biodiesel feedstock production.  Canola oil purity, composition, and biodiesel oil 

quality depend on the quality of the feedstock supplied.  With added costs, processing can 

improve oil purity, but not composition.  Also, blending oils from different feedstocks 

grown under varying conditions may work to circumvent some deficits in oil 

composition.  However, the best assurance for maintaining a uniform supply of biodiesel 

oil feedstock of consistently high canola-grade quality rests with knowledge of the 

biodiesel oil quality expected from feedstock grown in salt-affected soils.  This 

knowledge serves to identify production limits and contributes to cost-effectiveness and 

profitability. 

 

     The Biodiesel Association of Canada identified nine potential oilseed feedstocks for 

biodiesel production:  off-grade Argentine canola, Polish canola, oriental mustard, 

Ethiopian mustard, yellow mustard, Solin flax, soybean, chokecherry, and false flax 

(Camelina sativia) (Riley 2004).  The Association’s overall recommendation listed 
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Argentine canola and Solin flax as current biodiesel feedstocks, with Polish canola and 

oriental mustard as prime for short-term development.  The remainder were classed in the 

medium and long-term development ranks.  Each type of feedstock delivers biodiesel oil 

with a unique blend of chemical and physical properties.     

 

     Canola-grade oil ranks as one of the best feedstocks in the production of fatty acid 

methyl easter (FAME) biodiesel oil (Kemp 2006).  The American Society of Testing and 

Materials (ASTM) have set the North American fuel quality standards (D6751) for 100% 

biodiesel content (B100).  Canola-grade feedstocks yield oil low in “free fatty acids,” 

acids which are not bonded to parent oil molecules.  At blends greater than 20%, these 

may negatively affect some diesel engine components.  Also, solid and dissolved 

impurities, alkali/alkaline earth metals, and oxidation stability are of concern to the Fuel 

Injection Equipment Manufacturers.   

 

     Salinity generally slows the rate of crop growth, resulting in plants with smaller 

leaves, shorter stature, and reduced economic yield (Shannon et al. 1994).  The inherent 

ability of crop plants to withstand the effects of elevated solute concentrations of Na, Ca, 

Mg, SO4, Cl and other ions in root-zone solutions and still produce agricultural products 

defines salinity tolerance.  The United States Salinity Laboratory Staff (1954) suggested 

that the electrical conductivity of water-saturated soil paste extracts (ECe) provide the 

most consistent measure of salinity.  They classified soils having ECe–values between 0-2 

dS m−1 as “non-saline,” between 2-4 “slightly saline,” 4-8 “moderately saline,” and 8 dS 

m−1 or above as “severely saline.”  
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     The researchers contributing to the Agricultural Handbook No. 60 (U.S. Salinity 

Laboratory Staff 1954) list “rape” as less tolerant of salinity than sugar beet and barley, 

but more tolerant than most other field crops.  In searching for breeding material with 

which to improve the salinity tolerance of canola, Ashraf and McNeilly (1990) rated 

Brassica napus and B. carinata with more salinity tolerance than B. rapa and B. juncea.  

Francois (1994) compared ’Westar’ Argentine to ‘Tobin’ Polish canola, confirming that 

Westar (B. napus) was more salinity tolerant than Tobin (B. rapa).  But, Francois also 

found that seed oil contents were not significantly different over the salinity range tested.  

Conversely, in evaluating six canola cultivars for differences in seed oil content at 27 

sites over 3 yr, Shafii et al. (1992) found a relationship with the genotype-environment 

interaction favouring cooler climates.  Ashraf and McNeilly (2004) reported that the 

NaCl tolerance of B. juncea, B. carinata and B. napus significantly exceeded those of B. 

campestris (B. rapa), B. nigra and B. oleracea.  Working with B. napus cv. Hyola 401 and 

InVigor 2573, Steppuhn and Raney (2005) determined that salinity did not affect oil 

concentration in either cultivar until the sulphate test solution exceeded 12 dS m−1 in 

electrical conductivity, but then declined with increasing salinity.   

 

     The long-term objectives of the overall research under which the study reported herein 

was conducted are:   

#1    Develop a front-end canola-grade feedstock testing protocol which will enable 

oilseed blenders to identify variances from biodiesel B100 oil standards in the absence of 

a complete but very costly series of ASTM D6751 standard tests; this protocol will be 
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cross-checked with and hopefully tied to food-grade oil tests to identify common 

characteristics such as fatty-acid and other constituent profiles.  This would allow 

growers and blenders to identify biodiesel oil quality from the same samples submitted 

for food-quality evaluation. 

 

#2    Utilize the feedstock biodiesel oil quality testing protocol from objective #1 to 

facilitate the rating of biodiesel oil produced from feedstocks grown in different eco-

regions and on marginal salt-affected soils.  This objective allows the industry to identify 

the expected oil quality from different eco-regions, saline environments, and cropping 

systems; these low-cost, front-end testing protocols are essential to the biodiesel industry 

because of the high cost of all-encompassing, end-product testing.  The second objective 

will identify feedstock production limits with respect to biodiesel oil quality.  A wide 

range of canola-grade oil feedstock species are being evaluated for salinity tolerance in 

Canada’s Salinity Testing Facility at Swift Current (Steppuhn and Wall 1999):   (1) 

Argentine canola (Brassica napus); (2) Polish canola (B. rapa); (3) Camelina (Camelina 

sativa); (4) Ethiopian mustard (B. carinata); (5) Mustard (Sinapis alba); and (6) Juncea 

canola quality (B. juncea).  

 

     Under the #1objective above, an initial study was conducted (and herein reported) to 

obtain insight into the approximate limits associated with biodiesel oil produced from 

canola grown in salt-affected soil.  The objective of the study was to determine percent 

oil recovery and quality of the pure biodiesel produced from test canola grown in soils 

rated as negligible, slight, moderate, and severe with respect to root-zone salinity.   
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MATERIALS AND METHODS 

Test canola crop 

     In 2007, Mr. Ron Svanes grew a commercial, Canterra 1818 canola crop on his farm 

near Carmangay, Alberta.  According to earlier surveys, his canola field contained soils 

classified as negligible, slight, moderate, and severe in root-zone salinity.  Three replicate 

plots per salinity level were blocked, and the canola harvested separately under the 

guidance of Alberta Agriculture, Food and Rural Development specialists.  Threshing 

was completed in the field, but precise grain yields could not be obtained.  The grain 

samples were air-dried and kept in protected, non-heated storage at Oyen, Alberta until 

January 2008.  Transported to Olds, Alberta, the samples were again stored in a cold 

environment until they were processed.    

 

Feedstock crushing and processing facility    

     The new biodiesel pilot plant at Olds College in Alberta forms part of the School of 

Innovation Biofuels Technology Centre.  The canola oilseed feedstock from the test field 

at Carmangay was crushed and processed at this pilot facility.  This plant features seed 

storage capability, a 5-t seed press, oil filtering equipment, an oil pre-heater, a 400-L 

stainless steel batch reactor, a 400-L settling tank, dry wash system, and indoor and 

outdoor final fuel storage.  The College=s production system has the flexibility to handle 

multiple feedstock of small or large volumes.   
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Test feedstock 

     The Carmangay feedstock samples consisted of canola grain produced in soils rated as 

negligibly (ECe<2 dS m─1), slightly (2≤ECe<4 dS m─1), moderately (4≤ECe<8 dS m─1), 

and severely (ECe≥8 dS m─1) saline.  Samples representing each salinity treatment were 

replicated three-fold.  The samples were weighed in equal amounts and bulked into one 

sample per treatment.  Because of oil quality testing costs, the procedure following 

crushing of the oilseed, oil extraction, and B100 biodiesel production was to divide the 

final biodiesel products into two arrays in preparation for oil quality tests.  The B100 

biodiesel oils produced from the negligible and severe salinity feedstock were submitted 

separately for analyses to which the complete series of ASTM D6751-07 tests, some 20, 

were applied.  The B100 oils produced from the slight and moderate salinity feedstock 

were submitted for only nine tests; these tests were selected as those most appropriate and 

important for salinity-related oilseed production:   

* Sulfated ash (ASTM D875)  
* Sulfur content by UV fluorescence (ASTM D5453)  
* Phosphorus content (ASTM D4951)  
* Cloud point (ASTM D2500)  
* Micro-Carbon residue (ASTM D4530)  
* Metals: Na, K, Ca, & Mg by ICP (ASTM D5185).   

 

Feedstock crushing   

     The four composite Carmangay canola oilseed samples, arrayed by salinity treatments, 

were measured for initial water content using a Sartorious MA100 Analyzer.  The 

technique involved recording the change in mass with time while the sample was 

subjected to a temperature of 105oC.  To increase crushing efficiency and make the 

crushed oil more viscous, each oilseed sample was tempered by adding sufficient water to 
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reach approximately 8% in water content before the sample was placed in an oven set at 

57oC.  Each oil sample was crushed using a Komet Seed Oil Extractor.  Oilseed 

temperature was measured in the hopper as the samples moved into the press and again in 

the expressed oil leaving the extractor.  Temperatures of both the oilseed and the oil were 

maintained below 55oC to prevent oil degradation.  The crushed oil was cleansed using a 

Beckman Coulter J6-M1 centrifuge to remove the heavier solid particles remaining in the 

oil after the crushing process.  The remaining oil was allowed to stand to further settle 

any unwanted components prior to transesterification.  

 

Transesterification, methyl ester B100 production  

     Transesterification and washing processes convert the crushed canola oil to 100% 

biodiesel oil (B100).  The canola oil is transformed into fatty acid methyl esters (FAME), 

the raw biodiesel oil, by the addition of methanol in the presence of sodium methoxide, 

which serves as a catalyst.  The result is a separable mixture of FAME and glycerol:  

    10 feedstock oil + 1 methanol  →CH3ONa.2CH3OH→  10 FAME + 1 glycerol.   

Separation of the glycerol from the FAME is accomplished by allowing the heavier 

glycerol to settle to the bottom of the reaction vessel and the fatty acid methyl esters to be 

decanted from the top.  At this point, the raw biodiesel oil contains various contaminants 

including methanol, catalyst reactants, glycerine, soap, gums, etc.  Adding water to the 

raw biodiesel oil “washes” these contaminants from the raw oil rendering a B100 

product.  Samples of FAME were produced from each Carmangay, salinity-influenced, 

oilseed, test sample over a period of three days.  Each sample received the same 

percentage of catalyst (6%) and methanol (24%) by volume of oil.   
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     All processes were completed in the Olds College Biofuels Technology Centre using 

bench-top hot plates and glassware. The test oils were measured and heated in uncapped 

1000L flasks with a stir bar to 60°C to remove any excess water prior to adding the 

catalyst and methanol.  At 60°C, catalyst and methanol were added to the oil flask and 

covered with a foil cap.  Temperatures were maintained above 60°C for 45 minutes and 

the mixture stirred vigorously during that time.  Once the reaction was completed, the 

raw oil was removed from the hot plate and the stir bar withdrawn.   The mixture was 

then poured into a separatory flask to allow the glycerol to settle by gravity.  The glycerol 

was removed and its volume recorded.  The methyl ester FAME was “washed” with 

deionised water, the flask gently shaken, and the contents allowed to settle during four 

separate washings to remove excess methanol and other impurities.  The final washed 

product was dried by re-heating to 60°C until all water dissipated.  Vacuum filtration was 

used to remove any excess soap, gums, or other impurities from the final B100 product.  

 

 Biodiesel oil quality testing   

     A series of biodiesel oil quality tests (ASTM D6751-07) were employed to evaluate 

the merits of salinity-influenced canola oilseed feedstock.  The tests evaluated:   water 

(including that dissolved), sediment, sulphated ash, sulphur, copper-strip corrosion, cloud 

point, cold-soak filtration, carbon residue (100% sample), acid number, free glycerin, 

total glycerin, P, Ca, K, Mg, & Na contents, distillation temperature (atmospheric 

equivalent temperature, 90% recovered), and oxygen stability.  The tests were conducted 

by Maxxam Analytics, Inc. in Edmonton, Alberta.  The cetane number testing was 
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performed by the Saskatchewan Research Council Biofuels Testing Centre in Regina, 

Saskatchewan.    

 

RESULTS 

Canola Oil Recovery 

     The initial water content of the four test oilseed feedstock, grown in soil classified as 

negligibly, slightly, moderately, and severely saline, ranged from 3.3% to 4.4% (Table 1).  

Deionized water was added to each oilseed sample bringing the percentage to 8%; these 

oilseed samples were crushed to obtain product oil and meal.  The temperature of the 

oilseed feedstock as it entered the crusher-extractor measured within 5°C (41°C – 46°C) 

for all samples (Table 1).  The temperature of the expressed canola oil ranged, on 

average, from 40°C through 47°C.  With these temperatures, degradation of the oil would 

have been lessened.   

 
Table 1.  Water content and temperature of oilseed and raw canola oil during  
                crushing associated with soil salinity of the produced feedstock.   
 
                          Water Content          Temperature   . 
Salinity Initial   Tempered  Seed       Oil  

 (%) (%) (°C)     (°C) 
     

Severe  4.26  8.44  41-46    42-47  
Moderate  4.20  7.42  42-46    40-47  
Slight  4.02  7.02  42-46    39-47  
Negligible  3.32  8.26  43-46    39-47  
 
 
 

     Each sample of the test oilseed measured 5.65 g plus ±0.5 g just before entering the 

crusher extractor (Table 2).  Upon exit from the extractor, the raw canola oil was 

measured in mass amounts which grouped the severe-salinity feedstock somewhat 
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separately from the other three (Figure 2).  Oil recovery percentages also reflected these 

groupings.  Based on the centrifuged oil, recovery equalled 30.5%, 33.4%, 34.9%, and 

34.8% for the severe, moderate, slight, and negligible salinity test stock, respectively.  

The oil samples required substantially more settling and centrifugation than other canola 

oil samples previously processed at Olds College.  

 
 
Table 2.  Mass of the crushed oil and meal and the percent oil recovered  
               from canola feedstock grown in soil of the indicated salinity.   
 

                                Mass                                Oil                    . 
Salinity Initial 

Seed   
 Oil  Meal    Recovery Centrifuged 

 (g)  (g) (g)      (%)      (g) 
      

Severe  5.70  1.78  3.91     31.3     1.74 
Moderate  5.65  1.94  3.71     34.4     1.89 
Slight  5.65  2.02  3.63     35.8     1.97 
Negligible  5.60  1.99 3.61     36.1     1.95 
 

 

American Society of Testing and Materials (ASTM) testing 

     Three separate test sets were performed with the raw canola oils recovered from 

oilseed feedstock grown on the salt-affected soils (Table 3).  Each set involved different 

component amounts in the esterification and washing processes.  The biodiesel B100 oil 

produced was bright orange in color rather than golden, and the glycerine was green, 

rather than dark brown.   
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Table 3.  Transesterfication inputs and results for the reactions and selected component  
               volumes for the salinity-influenced feedstock.  

Set    Salinity  Raw oil  Catalyst Methanol Glycerol Gums 
visible  

Glycerol  Wash 
water 

    (ml) (ml) (ml) (ml)  (%) (ml) 
         
1  Severe  300  18  72  42  No  14  500  
1  Moderate   300  18  72  70  Yes  23  500  
1  Slight   300  18  72  37  No  12  500  
1  Negligible   300  18  72  51  Yes  17  500  
2  Severe   500  30  120  69  Yes  14  800  
2  Moderate   500  30  120  75  Yes  15  800  
2  Slight   500  30  120  73  Yes  15  800  
2  Negligible   500  30  120  80  No  16  800  
3  Severe  A   500  30  120  71  No  14  800  
3  Severe B   500  30  120  78  Yes  16  800  
3  Negligible A   500  30  120  82  Yes  16  800  
3 Negligible B  500  30  120  69  Yes  14  800  
 
 
     The ASTM D6751 series of tests currently involves 20 test variables (Table 4).  The 

severely and negligibly salinity-influenced B100 oils were each evaluated according to 

all 20 tests.  No significant differences were detected between these two test oils and both 

oils met all of the D6751 test specifications.  The moderately and slightly salinity-

influenced B100 oil was subjected to only nine of the 20 tests.  Again, neither trends nor 

significant differences in the test results between the salinity treatments were detected in 

these test specifications; the test values all fell within the acceptable D6751 standards for 

North American B100 biodiesel oil.   
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Table 4. The ASTM D7651 test variables determined for the salinity-related B100 biodiesel 
oil compared to the North American specifications standards.   

 
                      Salinity                   .Test variable ASTM 

method Severe Moderate Slight Neg.+
Units ASTM D6751

specification 
Flash point  D93A  138.0 NT++ NT 138.0 °C  130 min  
Acid number  D664A  0.03 NT NT 0.03 mgKOH/gg 0.5 max  
Cloud point  D2500  -3 -3 -4 -4 °C    
Water & sediment  D2709 0.0080 NT NT 0.0050 % vol  0.050 max  
Free glycerin  D6584 0.017 NT NT 0.058 % Mass  0.020  
Total glycerin  D6584 0.097 NT NT 0.13 % Mass  0.240  
Sulfated ash  D874  <0.001 <0.001 <0.001 0.001 % Mass  0.020  
Total sulfur  D5453 2.5 1.9 1.5 2.2 ppm  15  
Copper strip corrosion D130 1A NT NT 1A No.  3A max  
Cetane number  D6890 56.7 NT NT 56.3 No. 47 min 
Carbon residue  D4530  <0.010 <0.010 <0.010 <0.010 % Mass  0.050 max  
Kinematic viscosity  D445  4.492 NT NT 4.548 Mm2/sec  1.9-6.0  
Oxidation stability  EN14112  5.5 NT NT 4.8 hours  3 hours min  
Phosphorus  D4052  <0.5 <0.5 <0.5 <0.5 mg/L  10  
Sodium  D5185  <1 <1 <1 <1 mg/L  5 ppm w/ K  
Potassium  D5185  <1 <1 <1 <1 mg/L  5 ppm w/ Na  
Calcium  D5185  <1 <1 <1 <1 mg/L  5 ppm w/ Mg  
Magnesium  D5185  <1 <1 <1 <1 mg/L  5 ppm w/ Ca  
Absolute density 
        @15oC   

D4052  881.8 NT NT 881.9 kg/m3   
Distillation End Point 
Temp. (90% recovery) 

D1160  349 NT NT 359 °C  360 Max  

+ Neg. = Negligible salinity  
++ NT  = Not tested 

 

 

DISCUSSION 

     Assurance of biodiesel quality was achieved by testing selected properties and 

characteristics of the product fuel.  In Canada, the American Society of Testing and 

Materials (ASTM) D6751 is the quality standard for pure biodiesel (B100) oil used as a 

pure fuel or in a blend with petrodiesel.  All the B100 biodiesel oil samples confirmed to 

the ASTM specifications in every test performed, indicating that the chemical reaction 

was complete and that the level of salinity in the environment where the canola feedstock 

was produced did not have an adverse impact on the quality of biodiesel oil produced 

from the raw oil.  The importance of this study rests with this first time indication that 
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biodiesel B100 canola oil produced in saline soil can meet the North American standard 

for quality.  This implies that canola grown on saline land will yield market-grade 

biodiesel oil.   

 

     The results also indicate that oil recovery for Canterra 1818 canola suffered a 13% 

decline when grown in severely saline soil.  Oil recovered from Canterra 1818 canola 

grown in moderately and slightly saline soil appeared not to have declined in comparison 

to negligibly-saline crops.  This agrees with the earlier results obtained by Steppuhn and 

Raney (2005) with InVigor 2573 and Hyola 401 canola. 

 

 

CONCLUSIONS 

     Four feedstock samples from a canola field near Carmangay, Alberta representing soil 

root zones rated as negligibly, slightly, moderately and severely salinized were pressed to 

recover oil for biodiesel production.  Oil recovery was favourable (31-36%) for all 

samples.  Oilseed produced under conditions of the highest salinity had the lowest oil 

recovery (31%).  The raw oils were successfully converted to B100 bio-fuel, but the 

appearance of the products were different from previous extractions.  The biodiesel oil 

was bright orange in color and the glycerine produced was green rather than brown.  The 

reason for the color variation is unclear.  The quality of the biodiesel oil produced from 

all four oilseed samples was consistently high, indicating that there is no reduction in 

quality associated with feedstock produced in highly saline environments. This is a very 
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positive finding as it permits the expanded use of marginal land for industrial oil 

production.   
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 DISCUSSION 

 (2) Can low-cost testing protocols be developed which evaluate the biodiesel oil produced from specific 

eco-regions and saline lands?  The gain resulting from this work includes: identification of biodiesel 

feedstocks, eco-regions, and degrees of salinity required for market-quality oil production; critical low-cost 

testing protocols necessary to ensure economical oil production standards.   

 

  

 

 
Table 1.  Water content and temperature of oilseed and raw canola oil during  
                crushing associated with soil salinity of the produced feedstock.   
 
                          Water Content          Temperature   . 
Salinity Initial   Tempered  Seed       Oil  

 (%) (%) (°C)     (°C) 
     

Severe  4.26  8.44  41-46    42-47  
Moderate  4.20  7.42  42-46    40-47  
Slight  4.02  7.02  42-46    39-47  
Negligible  3.32  8.26  43-46    39-47  
 
 
 
 
Table 2.  Mass of the crushed oil and meal and the percent oil recovered  
               from canola feedstock grown in soil of the indicated salinity.   
 

                               Mass                                  Oil                    . 
Salinity Initial 

Seed   
 Oil  Meal    Recovery Centrifuged 

 (g)  (g) (g)      (%)      (g) 
      

Severe  5.70  1.78  3.91     31.3     1.74 
Moderate  5.65  1.94  3.71     34.4     1.89 
Slight  5.65  2.02  3.63     35.8     1.97 
Negligible  5.60  1.99 3.61     36.1     1.95 
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Evaluation of Oil Content and Methyl Esters (Biodiesel) 
Produced from 2007 Canola Oilseed Crops Grown in Various 
Saline Soils  

C. Vandenberg, T. McDonald and S. Gil  
 

 •  

processed the selected non-saline (negligible), slightly, moderately and severely saline 

canola oils converting them to B100 Fatty Acid Methyl Ester oil using non-contaminated 

methanol and catalyst (sodium or potassium hydroxide);  

•  

submitted one sample each of the non-saline and severely-saline B100 oil to an 

accredited diesel oil testing laboratory to conduct the full ASTM D6751-07 series of tests 

under standard conditions and to record test results;  

•  

submitted one sample each of the slightly and moderately saline B100 oil to an accredited 

diesel oil testing laboratory to conduct a partial ASTM D6751-07 series of the following 

tests under standard conditions and to record test results:  

 

MATERIALS AND METHODS 

Oilseed Crushing  

Oilseed samples were weighted from 12 original samples into four treatments (See Table 

1).  

Table 1. Grouping of original samples into treatments.  

Original Samples  Treatments  

Carmangay 1, 2, 3  Severely Saline  
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Carmangay 4,5,6,  Moderately Saline 

Carmangay 7,8,9  Slightly Saline  

Carmangay 10,11,12 Non-Saline  

 

Each of the three original samples were weighed in equal amounts and mixed into four 

treatments. Each treatment was measured for initial moisture content using the Sartorius 

MA100 moisture analyzer to determine what moisture amount to add for tempering the 

seed. A one to two gram sample of the seed was placed into the machine and a moisture 

reading was recorded by monitoring the weight of the seed over time under a temperature 

of 105°C. The moisture was determined from the weight lost due to water being 

evaporated from the seed. Each treatment was tempered to approximately 8% moisture 

by adding water to the sample and then placed into the oven at 57°C, in order to increase 

the crushing efficiency, make the shell more pliable and make the crushed oil more 

viscous. Each seed treatment was crushed using a Komet Seed Oil Extractor at a crush 

speed setting of 2.7. Seed temperatures were measured in the hopper as it fed into the 

press and oil temperatures were measured as it exited the head of the expeller during 

pressing. Both were maintained below 55°C to prevent the  

 

 

.+
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2  
oil from degradation. Crushing details and the resulting oil and press cake extracted from 

each sample are shown in Table 2 below.  

Table 2. Moisture, temperature, and volume data collected during crushing.  
Oilseed  Initial 

Moisture 
(%)  

Tempered 
Moisture 

(%)  

Seed 
Temperature 

(°C)  

Oil 
Temperature 

(°C)  

Initial 
Sample 
Weight 

(g)  

Oil 
Weight 

(g)  

Meal 
Weight 

(g)  

Oil 
Recovery 

(%)  

Oil 
Weigh
Post

Centrif
(g) 

Severely  
Saline  

4.26  8.44  41-46  42-47  5.7  1786 3914 31.33  174

Moderately 
Saline  

4.2  7.42  42-46  40-47  5.65  1942 3708 34.37  1895

Slightly 
Saline  

4.02  7.02  42-46  39-47  5.65  2021 3629 35.77  1975

Non-Saline  3.32  8.26  43-46  39-47  5.6  1994 3606 35.61  1955
 
Table 2.  Moisture, temperature, and volume data collected during crushing.  
 
                                     Water Content                   Temperature     .      

Salinity Initial  
(%)  

Tempered       
(%)  

Seed 
(°C)  

Oil  
(°C)  

Initial 
Sampl
e (g)  

Oil  
(g)  

Meal 
(g)  

Oil 
Recovery 

(%)  

Oil   
Post-  

Centrifuge (g)  

Severely  4.26  8.44  41-46  42-47  5.7  1786 3914 31.33  1741  

Moderately  4.2  7.42  42-46  40-47  5.65  1942 3708 34.37  1895  

Slightly  4.02  7.02  42-46  39-47  5.65  2021 3629 35.77  1975  

Negligible  3.32  8.26  43-46  39-47  5.6  1994 3606 35.61  1955  
 
 

 

 

Oil was centrifuged using a Beckman Coulter J6-M1 to remove heavier particles 

remaining in the oil from the crushing process and allowed to settle prior to 

transesterification.  

Transesterification - Methyl Ester Production  
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Methyl esters were produced from each of the samples over a period of three days. Each 

treatment was reacted with the same percentage of catalyst and methanol per volume of 

oil (Table 3). Six percent of catalyst (sodium methylate 30% - Degussa Canada) by 

volume and 24% methanol (methyl hydrate, 99% Pure – Recochem Inc.) by volume was 

added to each of the oil treatments.  

Table 3. Transesterfication reaction volumes for each treatment.  
Day  Oil  Oil 

Volume 
(ml)  

Catalyst 
Volume 

(ml)  

Methanol 
Volume 

(ml)  

Glycerol 
(ml)  

Gums 
Visible  

Glycerol 
Percent 

(%)  

Total 
Water 
Wash 

Volume 
(ml)  

1  Severely 
Saline  

300  18  72  42  No  14  500  

1  Moderately 
Saline  

300  18  72  70  Yes  23  500  

1  Slightly 
Saline  

300  18  72  37  No  12  500  

1  Non-Saline  300  18  72  51  Yes  17  500  
2  Severely 

Saline  
500  30  120  69  Yes  14  800  

2  Moderately 
Saline  

500  30  120  75  Yes  15  800  

2  Slightly 
Saline  

500  30  120  73  Yes  15  800  

2  Non-Saline  500  30  120  80  No  16  800  
3  Severely 

Saline A  
500  30  120  71  No  14  800  

3  Severely 
Saline B  

500  30  120  78  Yes  16  800  
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3  
3  Non-Saline A 500 30  120  82  Yes  16  800  
3  Non-Saline B 500 30  120  69  Yes  14  800  

 
 

Table 3.  Results from transesterfication reactions with selected component volumes for  
               salinity-influenced feedstock.  
Day  Salinity  Raw Oil  Catalyst Methanol Glycerol Gums 

Visible 
Glycerol 
Percent  

Wash 
Water  

  (ml) (ml) (ml) (ml)  (%) (ml) 
         

1  Severe  300  18  72  42  No  14  500  
1  Moderate  300  18  72  70  Yes  23  500  
1  Slight  300  18  72  37  No  12  500  
1  Negligible  300  18  72  51  Yes  17  500  
2  Severe  500  30  120  69  Yes  14  800  
2  Moderate  500  30  120  75  Yes  15  800  
2  Slight  500  30  120  73  Yes  15  800  
2  Negligible  500  30  120  80  No  16  800  
3  Severe  A  500  30  120  71  No  14  800  
3  Severe B  500  30  120  78  Yes  16  800  
3  Negligible A  500  30  120  82  Yes  16  800  
3  Negligible B 500  30  120  69  Yes  14  800  

 
 
 

 

 

All reactions were completed in the OCSI laboratory using bench top hot plates and 

glassware. Volumes of oil were measured and heated in uncapped 1000L flasks with a 

stir bar to 60°C to remove any excess water prior to adding the catalyst and methanol.  

At 60°C, catalyst and methanol were added to the oil flask and covered with a foil cap. 

Temperatures were maintained above 60°C for 45 minutes with the mixture stirring 

vigorously during that time. Once completed, the reaction was removed from the hot 

plate and the stir bar was removed. The mixture was then poured into a separatory flask 

to allow the glycerol to settle. The glycerol was then removed and volume was recorded. 

The remaining methyl ester was washed (deionized water added and gently shaken then 
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settled and removed) for a total of four washings to remove excess methanol and other 

impurities.  

The final washed methyl ester product was dried by re-heating to 60°C until all water was 

removed. Vacuum filtration was used to remove any excess soap, gums or other 

impurities from the final product.  

RESULTS  

The oil samples required substantially more settling and centrifugation than other canola 

oil samples processed in the past. The biodiesel produced was bright orange in color 

rather than golden and the glycerin was green rather than dark brown.  

Assurance of biodiesel quality was achieved by testing certain properties and 

characteristics of the fuel. In Canada, the American Society of Testing and Materials 

(ASTM) D 6751 is the quality standard for which pure biodiesel (B100) must pass before 

being used as a pure fuel or blended with petrodiesel. Each of the four samples were 

submitted for ASTM testing at Maxxam Analytics Inc. in Edmonton, AB for either a full-

spectrum analysis (severely and non-saline samples) or for partial testing (moderately and 

slightly saline samples). Cetane number testing was performed at Saskatchewan Research 

Council Biofuels Testing Centre in Saskatoon, SK, as required test volumes were not 

achievable at Maxxam Analytics Inc.  

The results of the biodiesel testing are provided in Table 3.  
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4 5  
Table 3. ASTM test parameters for biodiesel and associated results.  

Parameter  ASTM 
Method  

Severely 
Saline  

Moderately 
Saline  

Slightly 
Saline  

Non 
Saline 

Units  ASTM  
D6751-06 Spec 

Flash Point  D93A  138.0  NT  NT  138.0  °C  130 min  
Acid Number  D664A  0.03  NT  NT  0.03  mgKOH/g 0.5 max  
Cloud Point  D2500  -3  -3  -4  -4  °C  
Water & Sediment  D2709  0.0080  NT  NT  0.0050 % vol  0.050 max  
Free Glycerin  D6584  0.017  NT  NT  0.058  % Mass  0.020  
Total Glycerin  D6584  0.097  NT  NT  0.13  % Mass  0.240  
Sulfated Ash  D874  <0.001  <0.001  <0.001  0.001  % Mass  0.020  
Total Sulfur  D5453  2.5  1.9  1.5  2.2  ppm  15  
Copper Strip
Corrosion  

D130  1A  NT  NT  1A  No.  3A max  

Cetane Number  D6890  56.7  NT  NT  56.3  47 min  
Carbon Residue  D4530  <0.010  <0.010  <0.010  <0.010 % Mass  0.050 max  
Kinematic Viscosity D445  4.492  NT  NT  4.548  Mm2/sec 1.9-6.0  
Oxidation Stability EN14112 5.5  NT  NT  4.8  hours  3 hours min  
Phosphorus  D4052  <0.5  <0.5  <0.5  <0.5  mg/L  10  
Sodium  D5185  <1  <1  <1  <1  mg/L  5 ppm tota

combinedwith K 
Potassium  D5185  <1  <1  <1  <1  mg/L  5 ppm tota

combinedwith Na
Calcium  D5185  <1  <1  <1  <1  mg/L  5 ppm tota

combinedwith Mg
Magnesium  D5185  <1  <1  <1  <1  mg/L  5 ppm tota

combinedwith Ca
Absolute Density @15C D4052  881.8  NT  NT  881.9  kg/m3  
Distillation End Point 
Temperature (90% 
recovery 

D1160  349  NT  NT  359  °C  360 Max  

 
NT- Not tested  
The biodiesel samples passed the ADTM specification for every test performed; indicating that 

the chemical reaction in the lab was complete and the level of salinity in the environment where 

the canola is produced did not have an adverse impact on the quality of biodiesel produced from 

the oil.  

CONCLUSIONS  

Four samples from the Carmangay Field, representing soil root zones rated as negligibly, slightly, 

moderately and severely salinized were pressed to recover oil for biodiesel production. Oil 

recovery was favourable (31-36%) for all samples. Seed produced under conditions of highest 

salinity had the lowest oil recovery (31%). Oils were successfully converted to biodiesel, but the 
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appearance of the product was very different from previous experiments. The biodiesel was 

bright orange in color and the glycerine produced was green rather than brown. The reason for 

the color variation is unclear. The quality of the biodiesel produced from all four seed samples 

was consistently high, indicating that there is no reduction in quality associated with seed 

produced in highly saline environments. This is a very positive finding as it permits the expanded 

use of marginal land for industrial oil production.   
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