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Abstract—The non-renewable energy sources such as coal, petrol decreasing day by day and 
their price also increasing. In this fast depleting era of fossil fuels biodiesel produced from 
nonedible seed oils plays an important role. In the present work the biodiesel is produced from 
nonedible seed oil Salvia farinacea. In this work from Salvia farinacea seeds oil is extracted and 
fatty acid components are analysed by GC-FID. Physicochemical properties of the oil are 
determined by AOAC standard methods. The oil is transesterified in presence of KOH catalyst. 
Fuel parameters like iodine number, cetane number, heating values, kinematic viscosity, flash 
point, cold flow properties are determined and are compared with already existing biodiesels 
and petrodiesel. The emission components like CO, CO2, NOx, HC and Smoke opacity are 
analysed using four stroke one cylinder engine. This work reveals that Salvia farinacea seed oil 
is a potential renewable feedstock for the production of biodiesel.  
 
Index Terms— Salvia farinacea, Non-edible seed oil, Transesterification, Biodiesel properties, 
Fuel properties, Renewable energy. 

I. INTRODUCTION 

Fossil fuels such as coal and natural gas take centuries to form naturally and the crude oil takes millions of years 
to form. Worldwide burning up of these non-renewable energy sources is rising at its peak; meanwhile, the 
environmental pollution is escalating at an alarming rate. These non-renewable sources on combustion emit 
carbon monoxide (CO), nitrogen oxides (NOx), sulphur dioxide (SO2) and hydrocarbons (HCs). Even suspended 
particulate emissions are continuously increasing. The combination of NOx and HC forms smog and can have 
harmful effect not only on human beings or animal kingdom but also on plant growth. These emissions can cause 
falling and bleaching of leaves thereby reducing photosynthesis. To preserve the fossil fuels and to reduce the 
environmental pollution, researchers focused on development of viable, sustainable, green and renewable energy 
sources (Sharma, Singh and Upadhyay 2008; Heywood 1998; Ramadhas, Jayaraj and Muraleedharan 2005; Rao 
P V 2011.). 
Vegetable oil is basically triglyceride moiety and has become popular due to some inherent advantages of being 
sustainable, biodegradable, non-toxic, eco-friendly, renewable, etc. The vegetable oil not only has industrial 
importance such as production of cosmetics, medicines, food, polymers, drugs, etc., researchers found that it acts 
as an alternative  and sustainable energy source for diesel (Sharma, Singh and Upadhyay 2008; Katagi, Munnolli  
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and Hosamani 2011). However, vegetable oil cannot be used directly into compressed engine because of its high 
viscosity (Rao P V 2011; Demirbas A 2003). Methods like, blending, catalytic cracking, pyrolysis, micro-
emulsion and transesterification are employed to reduce the viscosity of oil. Transesterification became popular 
and effective among all these methods. It is the process where oil is mixed with alcohol (methanol or ethanol) in 
suitable ratio in presence of catalyst (acid or base) at a temperature of 55oC to 60oC to produce fatty acid methyl 
esters (FAMEs) or fatty acid ethyl esters (FAEEs). The mixture of FAMEs or FAEEs synthesized from vegetable 
oils is termed as "Biodiesel" (Ramadhas, Jayaraj and Muraleedharan 2005; Rao P V 2011; Katagi, Munnolli and 
Hosamani 2011; Demirbas A 2003; Ma and Hanna 1999). 
Biodiesel can be used as alternative to diesel or blended with diesel at appropriate ratios. Biodiesel has gained 
much more importance in depleting era of fossil fuels. Biodiesel contains C12-C22 carbon chains, whereas, 
conventional diesel contains C10-C21 carbon chains. Initially, biodiesel was prepared from edible oils like 
sunflower, soybean, palm, and rape seed oil. To avoid escalating prices of edible vegetable oils, non-edible 
vegetable oils are now being used for the synthesis of biodiesel (Azam, Waris and Nahar 2005; Marchetti, 
Miguel and Errazu 2007; Srinivas and Satyarthi 2012; Joshi and Pegg 2007). 
Biodiesel is clean burning fuel with no sulphur emissions and is environment friendly. Although, its heat of 
combustion is slightly lower than that of the petrodiesel, there is no need for engine adjustment and there is no 
loss in efficiency. The production of biodiesel from vegetable oil provides numerous regional and national 
economic benefits (Zhang, Stanciulescu and Ikura 2009). 

A. Salvia farinacea seed  

 
a. Flower                                                                                        b. Seeds 

Figure 1. Salvia farinacea flower and seeds 

Salvia farinacea, also known as Mealy cup Blue Sage, is herbaceous perennial. It is native to New Mexico and 
Texas; its native habitat includes prairies and the edges of woodlands. Its names “Mealy” and “farinacea” both 
refer to the way the sepals (the parts around the flower petals) look, which is as if they are dusted with flour or 
meal and is caused by tiny hairs on them. Mealy cup Blue Sage grows 18-36 inches tall and 18-36 inches wide. 
Its leaves are usually about 3 inches long, grey-green to green, and lance-shaped. Mealy cup Blue Sage blooms 
from April until frost with a bloom peak in April and one more time in late September or October. Flower spikes 
with many florets are held above the foliage. The flowers range from white to violet-blue and are 2/3–3/4 inches 
long, with two stamens and a pistil (Figure 1). Seeds (Figure 1) may be collected following flowering (Edward 
and Teresa 1999; Jayashree 1983). 

II. MATERIALS AND METHODS 

A. Salvia farinacea seeds 
The fresh seeds are collected from Waynadu forest area, Kerala state, India. The seeds are selected avoiding 
damaged seeds. The seeds are deshelled and dried at a temperature range of 110-115oC for 20 minutes in hot air 
oven. 

B. Oil extraction 
The dried Salvia farinacea seeds are ground, powdered and the oil content extracted with light petroleum ether 
(B.P. 40-60oC) in a soxhlet extractor for 24 hrs. The organic extract is filtered and dried over anhydrous Na2SO4. 
Petroleum ether is removed using vacuum. The % oil for dry seeds is calculated using the following equation. 
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  (1)                                  seeds sample of  /100  oil ofWeight  % WeightOil                                                                                 

C. Fatty acid profile 
The fatty acid composition of seed oil is determined using the Agilent Gas Chromatograph by converting oil into 
fatty acid methyl esters. Agilent 7890/A gas chromatograph fitted with flame ionization detector (FID) is used 
for the determination of fatty acid composition of oil. HP-INNOWax polyethylene glycol 30 m × 0.320 mm × 
0.25 μm capillary column is used for chromatographic analysis. The oven temperature is set to 210oC for 40 min. 
Total run time is 40 min. 1μL of solution (Methyl ester + internal standard) is injected in GC. Methyl 
heptadecanoate (C17:0, 99% purity) is used as internal standard.  Helium gas is used as carrier and the other 
gases like H2 for flame, air for supporting the flame and N2 for carrying ions up to detector near flame. FID 
temperature is set at 250oC. The fatty acid composition is reported as relative percentage of total peak area. The 
fatty acid profile obtained from GC-FID analysis (Figure 2) is compared with literature (Jayashree 1983) and is 
shown in Table I. 

 
Figure 2. GC-FID of Mixture of Salvia Farinacea Methyl Ester 

TABLE I. COMPARISON OF THE FATTY ACID PROFILE OF SALVIA FARINACEA SEED OIL (SFSO) OBTAINED FROM GC-FID ANALYSIS WITH THE 
LITERATURE 

Component fatty acids in the seed 

oil 

% Fatty acid composition of SFSO 

Present work Literature (Jayashree 1983) 

Lauric acid (12:0) ND 2.3 

Myristic acid (14:0) 2.28 2.3 

Palmitic acid (16:0) 2.38 2.6 

Stearic acid (18:0) 2.77 2.7 

Oleic acid (18:1) 83.21 82.2 

Linoleic acid (18:2) 2.08 1.9 

Linolenic acid (18:3) 1.19 ND 

Arachidic acid (20:0) 1.09 1.1 

Gadoleic acid (20:1) 0.30 ND 

Behenic acid (22:0) 4.66 4.9 

Erucic acid (22:1) 0.01 ND 

Lignoceric acid (24:0) 0.03 ND 

Nervonic acid (24:1) 0.01 ND 
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D. Analysis of seed oil 
Physicochemical properties of the oil like density, refractive index, iodine value, saponification value, acid 
value, free fatty acid content and ester value of seed oil under investigation are determined according to AOAC 
official method of oil analysis (Washington D C 1990). The physicochemical properties of the oil are shown in 
Table II. 

TABLE II. THE PHYSICOCHEMICAL PROPERTIES OF THE SALVIA FARINACEA SEED OIL 

Parameter Salvia farinacea seed oil (SFSO) 

Solvent used for extraction Petroleum ether (BP 40-60oC) 

% Oil  26.9 

Molecular weight (MW) of oil (g/mol) 889.32 

Colour of the oil  Dark brown 

Physical state of the oil (at room temp) Liquid 

Acid value (AV) in mg KOH/g 2.007 

Free fatty acids (FFA) in % 1.01 

Saponification value (SV) in mg KOH/g 202.43 

Iodine value (IV) in mg I2 /100 g oil 80.43 

Kinematic viscosity (KV) in mm2/s of oil 48.0 

Density (doil) in g/mL  0.920 

Refractive index (RI) at 30oC 1.480 

Total saturated fatty acids (% TSFAs) 13.2 

Total unsaturated fatty acids (% TUSFAs) 86.8 

Degree of unsaturation (DU) 91.11 

E. Transesterification 
The seed oil of Salvia farinacea is subjected to base catalysed transesterification wherein 250 mL of seed oil is 
mixed with methanol in the molar ratio of 1:6.  The free fatty acid content was 1.01%, so a strong homogeneous 
base catalyst, KOH (1%) is used to enhance the rate of reaction. The mixture is refluxed for one hour at 55oC to 
60oC on a rota mantle. The mixture is transferred to separating funnel and allowed to stand for 6-7 hours. Two 
distinct liquid phases are formed; the crude ester phase is formed at the top and the glycerol phase at the bottom. 
The upper layer of mixture of Salvia farinacea methyl esters (SFME) layer is separated and washed with warm 
deionised water repeatedly to remove any soap content, entrapped methanol and unreacted fatty acids. Mixture 
of FAMEs obtained is heated on heating mantle at 110-115oC to remove water and dried over anhydrous sodium 
sulphate. Magnetic bead is used in the mixture of FAMEs container and the solution is kept agitated for proper 
removal of water. The yield of SFME obtained is 90.0 % by volume. 
Temperature between 55oC and 60oC is observed to be the optimum temperature for the Tranesterification. One 
hour reaction time resulted in completion of the reaction with higher conversion efficiency to FAMEs.  

F. Spectroscopic support 
FTIR analysis of Salvia farinacea seed oil (SFSO) and Salvia farinacea methyl ester (SFME) 
The Fourier Transform Infrared (FTIR) spectra of seed oil and SFME are obtained using FTIR 
spectrophotometer (measured within a range of 400–4000 cm-1). Seed oil and its fatty acid methyl esters are 
examined by IR spectral studies. Comparison of FTIR spectra of SFSO and SFME is made in below in Figure 3. 
The peak analysis of both SFSO and SFME shows significant differences. A characteristic absorption peak, 
especially C=O ester carbonyl group at 1744.174 cm-1 in SFSO spectrum and 1741.989 cm-1 in SFME spectrum 
confirms  the  conversion  of  oil  to  FAMEs.  The  main  spectral region that allows for chemical discrimination  



 
6607 

 

 
Figure 3. a) FTIR spectra of SFME and SFSO, b) Enlarged picture of region: 1800 cm-1 to 800 cm-1 

between SFSO and SFME is 1500-900 cm-1, known as "finger print" region. The characteristic peak at 1436.244 
cm-1 corresponds to the asymmetric stretching of -(CO)-O-CH3 present in the spectrum of SFME which is absent 
in  SFSO spectrum. The peak at 1376.678 cm-1 can be attributed to the glycerol group O-CH2 (mono, di and 
triglycerides), which is present in the SFSO spectrum and is absent in the SFME spectrum. The strong, broad 
signal at 1160.856 cm-1 in SFSO will separate into two concrete signals at 1170.675 cm-1 and 1196.723 cm-1. The  
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TABLE III. COMPARISON OF FTIR  SPECTRA  OF  SFSO AND SFME 

Absorption bands SFSO (in cm-1)               SFME (in cm-1) 

C=O (ester carbonyl) 1744.174 1741.989 

O-CH2 1376.678 - 

C-CO-O- 1237.204 1245.048 

-(CO)-O-CH3 - 1436.244 

-C-O- (in triglyceride) 1160.856 - 

-C-O-CH3 - 1170.675 and 1196.723 

-C-O (in ester) - 1196.723 

-CH2(wagging) 967.817 - 

stretching of C-O, represented by absorbance at 1196.723 cm-1, is typical of biodiesel. The stretching of C-CO-
O- is represented by absorption at 1237.204 cm-1 and 1245.048 cm-1 in the spectra of SFSO and SFME 
respectively. The signal at 967.817 cm-1, which represents CH2 wagging frequency, is observed in SFSO 
spectrum and is absent in the SFME spectrum. This spectral analysis confirms the conversion of SFSO into 
SFME. 
1H NMR analysis of SFSO and SFME. 
1H NMR analysis of SFSO and SFME are performed using Avan CE 300 MHz spectrometer. Deuterated 
chloroform (CDCl3) and tetramethylsilane (TMS) are used as solvent and internal standard respectively. 
1H NMR spectrum of SFSO shows glyceridic protons at 4.2-4.3 ppm. In the proton NMR spectrum of 
SFME, a strong singlet at 3.4 ppm shows methyl ester formation. The significant difference between 1H NMR 
spectrum of SFSO and that of SFME is the disappearance of glyceridic protons at 4.2-4.3 ppm and appearance of 
methyl ester protons at 3.6 ppm (Figure 4). 

G. The instruments used for analysing fuel properties of the SFME 
Petroleum instruments India private limited (ASTM D2500, ASTM D97) apparatus which is used for cloud point 
and pour point measurement. Saybolt viscometer (ASTM D88) is used for the determination of viscosity of 
SFSO and SFME. Viscosity is measured at 40oC. Cleveland open cup flash point apparatus (ASTM D92) is used 
for flash point determination. Petroleum Instruments India private limited made (ASTM D204) Bomb 
calorimeter is used to determine the higher heating value (HHV). 

 
Figure 4. 1H NMR of SFSO and  SFME 
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H. Computational methods used to substantiate the biodiesel properties of SFME 

By deploying the mathematical models shown in Table 4, the biodiesel properties are assessed based on the 
component fatty acids in the SFSO. 

TABLE IV. MATHEMATICAL MODELS USED TO SUBSTANTIATE THE FUEL PROPERTIES OF SFSO 

Equation Denominations Ref. 
Eq 

No 

Molecular weight of oil:   

oilMW = iMW3 glycerolMW alcoholMW3  

 

where, MWi = Molecular weight of 

ith fatty acid.  

MWglycerol= Molecular weight of 

glycerol. 

MWalcohol= Molecular weight of 

alcohol. 

(Yebo and Samir Kumar 

2016) 

(2). 

Saponification value: 

   ii MWA06.561SV  

where, Ai is the % of component ith  

component fatty acid, MWi is the 

molecular  mass of ith component 

(Azam, Waris and Nahar 

2005) 

(3). 

Iodine value:    

   iidb MWAN81.253IV  

where, Ai is the % of component ith 

fatty acid, Ndb is the number  of 

double bonds, MWi is the 

molecular mass of ith component 

(Azam, Waris and Nahar 

2005) 

(4). 

Density of SFME 

   dbi N0118.0M9.48463.0   

where, Mi is the molecular weight 

of  ith FAME, Ndb is the number of 

double bonds.  

(Luis Felipe, Javier Esteban 

and Alicia del 2012) 

(5) 

Cetane Number 

iiWCN CN   

where, CNi is the cetane number of  

ith FAME. Wi  is the weight fraction 

of individual FAMEs. 

(Su Y.C. 2011) 

 

(6). 

Higher heating value:  

  100AHHV HHV ii  

 

where, HHVi = HHV of individual 

pure fatty acid methyl ester and Ai 

is the % of ith component fatty acid 

methyl ester. 

(Wanignon 2012) (7). 

Lower heating value:    

H199.221HHVLHV   

 

where, 

where, the second term is latent 

heat of steam condensation by 

burning 1 kg of fuel, H is % 

hydrogen.  

NHi = number of hydrogen atoms 

 (8). 
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 MWANH H iii   

 
 
 
 

in ith fatty acid methyl ester,  MWi  

is molecular weight of ith fatty acid 

methyl ester and Ai is the % of ith 

component fatty acid methyl ester. 

Kinematic viscosity:   

   wdbwc N0.468N0.235KV   

where, Nwc is the weighted average 

number of carbon atoms and Nwdb 

is the weighted average number of 

double bonds 

(Su Y.C. 2011) (9). 

Flash point: 

 
   

wdb
N19.9 N0.1198              

N13.97251.2FP
2
wc

wc




 

 

where, Nwc is the weighted average 

number of carbon atoms and Nwdb 

is the weighted average number of 

double bonds 

 

(Carareto et.al, 2012 ) 

 

(10). 

 

 

 

Degree of unsaturation 

 PUFA2MUFADU   

where, MUFA is the percentage 

amount of monounsaturated fatty 

acids. PUFA is the percentge 

amount of polyunsaturated fatty 

acids 

(Muhammad A.I. et. al 

2013) 

 

 

(11). 

Cloud point 

48.255UFAME0.576CP   

UFAME: Percentage Content of 

total unsaturated FAMEs in 

biodiesel 

(Su Y.C. 2011) (12)  

Pour point 

45.594UFAME0.626PP   

UFAME:  Percentage content of 

total unsaturated FAMEs in 

biodiesel 

(Su Y.C. 2011) (13)  

I. Emission performance of FAMEs of seed oil under investigation and its blends with petrodiesel 
The experiments were conducted on direct injection, single cylinder four strokes Kirloskar diesel engine at 
different loads with different blend ratios of mixture of SFME and diesel. The load of the engine is varied from 
zero to rated load (0 to 18.3 kg). It is a water cooled engine with a rated power of 5.2 kW at 1500 rpm having 
bore 87.5mm and stroke 110mm,compression ratio of 17.5, injection pressure of 220 bar at 23˚Btdc injection 
timing. Diesel engine is connected to the eddy current dynamometer, a computer with the software called 
engine-soft, an AVL444 (5-gas analyzer) exhaust gas analyzer, AVL437 make smoke meter. Engine 
specifications are given in Table V. 

III. RESULTS AND DISCUSSION 

A. Fatty acid ester profile of Salvia farinacea seed oil (SFSO) 
The percentage of seed oil obtained after extraction is found to be 26.9%. GC-FID analysis of SFME shows that, 
the seed oil contains higher amount of oleic acid (83.21%). Total saturated fatty acids (TSFAs) are lesser 
(13.2%) compared to total unsaturated fatty acids (TUSFAs) i.e., 86.8%. According to European standard 
EN14214,  limitation  for  linolenic  acid  percentage  in  the seed oil is 12.0%. Salvia farinacea seed oil contains  
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TABLE V. ENGINE SPECIFICATIONS 

Make & model Kirloskar Engine TV1 

Bore & stroke 87.5 mm × 110 mm 

Type of cooling Water cooled 

Speed 1500 rpm 

Compression ratio 17.5:1 

Number of cylinder Single 

Rated power 5.2 kW 

Start of injection 23˚Btdc 

Injection pressure 220 bar 

1.19% of linolenic acid, which is within the range (Duarte and Maugeri 2014). The molecular weight (MW) of 
the seed oil is calculated based on % component fatty acids present in the seed oil and is found to be 889.32 
g/mol (Yebo 2016). 

B. Physicochemical properties of SFSO   
The SFSO is a dark brown coloured liquid at room temperature; with the possibility of chromophores present in 
the seed oil imparting the colour. Density of the seed oil is 0.920 g/mL at 30oC. The seed oil has high refractive 
index because it contains more of unsaturated fatty acids (Pandurangan, Murugesan and Gajivaradhan 2014; Ron 
Clavier 2007). Saponification value (SV) of the seed oil depends upon fatty acid composition and molecular 
weight of the seed oil. The experimentally determined SV of the seed oil is found to be 202.3 mg KOH/g of oil 
(Azam, Waris and Nahar 2005) and this is very close to the calculated value of 198.06 mg KOH/g equation 
mentioned in Table 4. Acid value is found to be 2.007 mg KOH/g of oil and free fatty acids is found to be 
1.001%. Degree of unsaturation (Muhammad A.I. et al. 2013) is 91.11. The kinematic viscosity of SFSO is 
found to be 48 mm2/s. The quality of biodiesel depends on many of the chemical and physical factors. Iodine 
value (IV) is one of the important parameter that determines the quality of the biodiesel produced and its storage 
stability. IV is direct measure of unsaturation in the seed oil. The experimentally determined IV of the seed oil is 
80.43 mg I2/ 100 g of oil (which is close to computed IV i.e., 81.98 mg I2/ 100 g oil using equation mentioned in 
Table 4), which is within the range as per limitation laid by EN14214 i.e., 120 mg I2/ 100 g oil. The IV of seed 
oil is compared with already existing biodiesel and EN 14214 and is shown in Fig. 5a. The seed oil contains 
higher amount of monounsaturated oleic acid (18:1) compared to polyunsaturated linoleic and linolenic acids 
(18:2, 18:3). As the number of double bonds within the ester increases, the storage stability decreases. This 
indicates that the SFME produced from Salvia farinacea seed oil is reasonably stable. It is confirmed by 
oxidation stability test according to ASTM D2440, IP 280. The oxidation stability is given by neutralisation 
value and sludge formation at ambient and elevated temperatures. The neutralisation value of SFME at ambient 
(25oC) and elevated temperature (110oC) is 0.25 mg KOH/g and 1.32 mg KOH/g respectively. The sludge 
formation at ambient and elevated temperature is 0.1 % and 8.90% respectively. The antioxidants like butylated 
hydroxyl anisole (BHA), tert-butylhydroquinone (TBHQ) in requisite quantities can be used to further improve 
the oxidation stability of the oil (Schober and Mittelbarch 2004). 
Note: Designations ‘a, ‘b’, ‘c’, ‘d’, ‘e’, ‘f’, ‘g’, ‘h’, ‘i’` and ‘j’ refer to references (Ramos et al. 2009,), (Knothe 
G 2002,), (Ramadhas, Muraleedharan and Jayaraj 2005), (Freedman and Bagbay 1989), (Mehta and Anand 
2009), (Rengasamy et. al 2014) (Joshi and Pegg 2007), (Sajjadi, Abdul Raman and Arandiyan 2016 ), (Rao P. V. 
2011) and (Katagi, 2015) respectively. Obs. = Observed value. Cal. = Calculated value, SFME = Salvia 
farinacea methyl ester, SBME = Soybean methyl ester, RME = Rape seed methyl ester, SNME = Sunflower 
methyl ester, PPME = Pongamia pinnata methyl ester and PD = Petrodiesel. 

C. Fuel properties of the SFME 
Density of SFME oil is 0.871 g/mL which matches very well with the empirically determined density 0.870 
g/mL.  As  per  EN14214,  the specified range for biodiesel is 0.860-0.90 g/mL and density of diesel specified by  
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TABLE VI. COMPARISON OF FUEL PROPERTIES OF SFME WITH THOSE OF EXISTING BIODIESELS AND WITH PETRODIESEL 

  

  

Fuel properties 

 

SFME 
SBME RME SNME PPME PD 

Obs. Cal. 

Iodine value (IV) in mg I2 /100g 80.43 81.98 128.00a 109.00a 132.00a 81.00i NA 

Saponification value (SV) in mg KOH/g 202.3 198.06 189.00b 168.00b 188.00b 182.00f NA 

Density (d) in g/mL  0.871 0.870 0.885c 0.882c 0.878c 0.875i 0.835c 

Cetane number (CN) - 59.69 49.00a 55.00a 50.00a 55.84i 42.60j 

Higher heating value (HHV) in MJ/kg 39.88 39.88 39.84d 39.90d 39.95d 40.21f 46.00j 

Lower heating value (LHV) in MJ/kg 37.15 37.15 37.44e 37.55e 37.48e 38.30 i 43.00j 

Flash point (FP) in oC 175.00 173.2 171.00a 170.00a 177.00a 174.00i 60 to 80g 

Cloud point (CP) in oC 2.00 -1.7 0.00h -3.50h 1.33h 13.30h -15 to 5g 

Pour point  (PP) in oC -1.50 -8.7 -3.20h -11.00h -2.00h 6.40h -35 to 15g 

Kinematic viscosity (KV) in mm2/s 3.80 3.81 4.20a 4.40a 4.20a 4.20i 3.10j 
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Figure 5. Comparison of fuel properties of SFME with already existing biodiesels and petrodiesel or EN14214 

ASTM D975 is 0.848 g/mL [Joshi and Pegg 2007]. Density of SFME is slightly more than diesel because of 
presence of higher unsaturation (oleic acid 83.21%) and is lesser compared to already existing biodiesels (values 
are depicted in Table VI). 
Cetane number (CN) is one of the important parameter and is a measure the combustion quality of diesel / 
biodiesel. IV and CN are correlated to each other. As IV increases, CN decreases and vice versa. If CN is high, 
smooth and silent combustion is observed and it also helps easy cold starting. According to ASTM D6751 and 
EN14214, the CN specified for biodiesel are 47 and 51 respectively (Katagi et al 2015) and CN of the diesel is 
42.6 (Katagi et al 2015). The upper limit of CN specified by US biodiesel standard is 65. The CN of SFME is 
computed using equation 5 mentioned in Table 4 and is based on CN of pure FAMEs and composition of the 
FAMEs. The data of CN of pure FAMEs is collected from Knothe G (2014), W. E.  Klopfenstein (1985), B. 
Freedman and Bagbay (1990), Freedman et al (1990), Knothe, G et al (2003), Knothe, G et al (1997) and D. 
Tong et.al (2011) research papers. The computed CN of SFME is found to be 59.69 and is compared with 
already existing biodiesels and petrodiesel (Figure 5b). It is observed that CN of SFME is less than the upper 
limit of CN specified by US biodiesel standard and is more than CN of SBME, RME, SNME and PPME. 
Higher heating value (HHV) and lower heating value (LHV) measure the total energy content and depend on the 
oxygen, carbon and hydrogen content of the biodiesel. The HHV of the SFME is determined using bomb 
calorimeter and is found to be 39.88 MJ/kg. The calculated HHV (using equation mentioned in Table 4) of the 
SFME is also found to be same (39.88 MJ/kg) as that of the experimental value. But when it is used in engine, 
lesser energy is released. It is because, 100% combustion of fuel will not take place in IC engine. HHV of the 
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SFME is close to HHV of SBME, SNME, RME and PPME but is slightly less than petrodiesel (46.00 MJ/kg). It 
is because of inbuilt oxygen present in the FAMEs. And it is more than the heating value of coal (32-37 
MJ/kg).The calculated LHV is found to be 37.15 MJ/kg. The European Biofuel Technology Platform 2011 
reported the LHV of the biodiesel as 37.1 MJ/kg. LHV specified for biodiesel and diesel are 36.6 MJ/kg (ASTM 
D875) and 32.6 MJ/kg (ASTM PS121) respectively (Joshi and Pegg 2007). HHV and LHV of SFME are 
compared with already existing biodiesels such as SBME, RME, SNME, PPME and  with petrodiesel and are 
shown in Figure 5c and 5d. It is observed that, LHV of the SFME is very close to those of existing biodiesels but 
is lesser than petrodiesel.  
The flash point (FP) is the temperature at which fuel ignites when exposed to flame. According to ASTM PS121 
and ASTM D975, the flash point (FP) range for biodiesel and petrodiesel are 100-170oC and 60-80oC 
respectively (Joshi and Pegg 2007). The computed and experimentally determined FP values of SFME are found 
to be 173.2oC and 175oC. Comparison of flashpoint of SFME with already existing biodiesels is shown in Figure 
5e. It is observed that the FP of SFME is more than SBME, SNME, RME, PPME and with petrodiesel. 
Evidently, SFME is safer to store when compared to petrodiesel. 
Cloud point (CP) is the temperature at which a cloud of wax crystals first appear in the oil when it is cooled. The 
pour point (PP) is the lowest temperature at which the oil sample is a fluid and can be poured. These properties 
are related to the use of biodiesel in colder regions (Sarin et al 2011). The CP and PP values for biodiesel as 
specified by ASTM PS 121 are -3oC to 12oC and -35oC to 10oC respectively (Joshi and Pegg 2007). The CP of 
the SFME is 2.0oC and PP is -1.5oC and both are within the range specified by ASTM PS 121. The CP and PP 
are also calculated using equations mentioned in Table 4. The computed CP (-1.7oC) and PP (-8.7oC) values are 
not consistent with the experimental values. The probable reason for deviation is the higher percentage of 
unsaturation (86.8%) as stated to be the limitation by Sarin et al. The equations used for computing the CP and 
PP values have an upper limit of unsaturation at 84%. The CP and PP depend upon the quality of the feedstock. 
As SFSO contains higher amount of unsaturated fatty acids than saturated fatty acids, its FAMEs have better 
cold flow properties. Comparison of CP and PP of SFME with already existing biodiesels is shown in Figure 5f 
and 5g respectively. It is observed that, CP and PP values of SFME are close to already existing biodiesels. It is 
evident that SFME can be used as a fuel in cold temperature regions. 
The kinematic viscosity (KV) increases with fatty acid chain length and with increasing degree of saturation of 
either fatty acid or alcohol moiety in the FAMEs ( Knothe G 2005). ASTM specified KV range for biodiesel is 
3.3-5.2 mm2/s (Demirbas 2009). The computed and experimentally determined KV values of SFME are same 
i.e., 3.8 mm2/s (Table 6), which is within the range suggested by ASTM but slightly more than KV of petrodiesel 
(3.1 mm2/s). Comparison of KV of SFME with already existing biodiesels and petrodiesel is shown in Figure 5h. 
Obviously, KV of SFME is less than SBME, SNME, RME and PPME. It is possible that KV increase as the 
percentage of SFME in the blend with diesel increases, making atomization to be difficult at higher blends of 
SFME. 

D. Emission characteristics of SFME and its blends 
The FAMEs produced from the seed oils are an alternative to successfully complete the EPA's meticulous 
emissions. Biodiesel provides significantly reduced emissions of carbon monoxide (CO), smoke (particulate 
matters), unburned hydrocarbons (HC) compared to petrodiesel. In addition to this, biodiesel reduces emissions 
of carcinogenic compounds compared to petrodiesel. When biodiesel is blended with petrodiesel, these emission 
reductions are generally directly proportional to the amount of biodiesel in the blend. 
FAMEs of SFSO blends with petrodiesel (B0, B20 and B40) are investigated for emission characteristics. A test 
is conducted on a single cylinder four stroke diesel engine. Experiments are conducted on the engine at different 
loads from 0 kg to 18.3 kg (rated load) with constant speed, varying the load up to the rated load keeping cooling 
water flow and calorimeter water flow constant. Observations are made to evaluate emission components and 
their comparison with rated load as shown below. 

CO (% Volume) 
CO in the internal combustion engine is formed during the intermediate combustion stages. However, diesel 
engines which operate on the lean side of stoichiometric ratios, emit lower CO. Carbon monoxide emission at 
lower loads will be lower and increase for full load as shown in the Figure 6a due to incomplete combustion 
(Rao P.V. 1999; Sara et. al 2013). 
In the present study, CO emissions have decreased with increased amounts of SFME in the blend. Structurally, 
biodiesel contains carbon, hydrogen and oxygen. But petrodiesel is made up of only hydrocarbons. Biodiesel 
molecules as oxygenates, account for the better combustion and reduced CO emissions. It is to be noted that CN 
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value of the SFME is higher than that of the petrodiesel which ensures smooth and near complete combustion 
when there is increase in percentage of SFME in the blend. Evidently, CO emission for B0 is higher compared to 
B20 and B40 which is shown in Figure 6a. 

CO2 emission (% Volume) 
From Figure 6b it is observed that CO2 emissions increase as the load increases because CO is converted to CO2. 
As the percentage of SFME increases in the blend, the CO2 emitted will also increase. The SFME helps reduce 
the risk of global warming by reducing net carbon emissions to the atmosphere. SFME is a carbon neutral fuel. 
CO2 emitted by burning, does not add to atmospheric CO2, instead, it is consumed by plants for photosynthesis. 

HC (ppm) emission 
During compression and combustion, increasing cylinder pressure forces some of the gas in the cylinder into 
crevice, or narrow volumes, connected to the combustion chamber. Most of this gas is un-burnt fuel-air mixture 
which escapes the primary combustion process because the entrance to these crevices is too narrow for the flame 
to enter. This gas leaves these crevices later in the expansion and is one of the reasons for HC emission. Another 
reason is combustion chamber wall. A quench layer containing un-burnt and partially burnt fuel-air mixture is 
left at the wall surface where the flame is extinguished as it approaches the wall. The un-burnt HCs in these thin 
(0.1mm) layers; burn up rapidly when the combustion chambers are clean. The porous deposits on the walls of 
engine, in actual engine operation, will increase HC emissions. The third reason of un-burnt HC emission is the 
engine oil left as a thin film on the cylinder wall, piston and on the cylinder head. This can absorb and desorb 
HC components of fuel before and after combustion, thus permitting the fuel to escape the primary combustion 
process (Rao P.V. 2011; Jain and Asthana 2002). 
HC emissions are lower for blends of SFME. HC emissions in the exhaust are lowered with increasing amount of 
SFME in the fuel blend. The inbuilt oxygen content in its molecular structure is the reason for near complete 
combustion and thus reduced HC levels. Sometimes, the HC emission may depend on the combustion in 
different cycles and different loads. 
HC emissions are more in B0 due to incomplete combustion and oxygen availability is lesser at rated loads. HC 
emissions from B20 and B40 blends is lesser compared to B0 because of oxygen availability and consequently 
better combustion efficiency (Rao P.V. 2011; Ramadhas,  Muraleedharan and Jayaraj 2005;  Sara et.al 2013, 
Azad,  Ameeruddin and  Alam 2012). Comparison of HC emissions from B0, B20 and B40 is as shown in Figure 
6c. 

NOx (ppm) emission 
Formation of NOx is dependent on the operating temperature of the cylinder wall and the availability of oxygen 
(Rao P.V. 2011; Ramadhas, Muraleedharan and Jayaraj 2005;  Sara et.al 2013, Azad,  Ameeruddin and  Alam 
2012; Krishnaswamy and Shenbaga 2012). From the Figure 6d, it is observed that NOx emissions increase as the 
load increases. It is observed from the figure that NOx emission for blends of SFME (B20, B40) are higher than 
that of petrodiesel (B0). It is because the SFME contain inbuilt oxygen in their molecules which help in better 
combustion that increases the cylinder wall temperature and consequently, formation of NOx. However, there is 
not much of consistency in the results obtained at varying loads. Comparison of NOx emissions from B0, B20 
and B40 at different loads is shown in Figure 6d.  

Smoke opacity (%) 
Smoke opacity is an indication of incomplete combustion and it limits the efficiency of the engine. Smoke 
formation occurs at the extreme air deficiency. Air or oxygen deficiency is a possibility in the near vicinity of 
fuel molecules within the diesel engine. It increases as the air to fuel ratio (A/F) decreases. Experimental 
observations indicate that smoke emissions are increased with increase in the load. Comparison of smoke 
emissions from B0, B20 and B40 are shown in Figure 6e. For operation of SFME, the smoke emitted is reduced 
because of the bounded oxygen which helps in better combustion (Krishnaswamy and Shenbaga 2012). 

IV. CONCLUSIONS 

FAMEs produced from Salvia farinacea seed oil by transesterification process in presence of methanol and 1% 
KOH catalyst give 90.0% yield. Spectral studies (FTIR and 1H NMR) reveal the conversion of Salvia farinacea 
seed oil to FAMEs of Salvia farinacea. The fuel parameters like iodine value, cetane number, higher heating 
value, lower heating value, cloud point, pour point, flash point, viscosity, etc. meet major specifications of 
American (ASTM) and European (EN) standards of biodiesel. Further, emission performance reveals that blend 
of  SFME  with diesel  at  different  ratios  (B20, B40) reduces the green-house gas emissions compared to diesel  
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(B0). NOX emissions are higher at higher biodiesel blends. This work reveals that SFME is a splendid and 
potential candidate as biodiesel and Salvia farinacea is a promising renewable biomass for the biodiesel 
synthesis. 
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