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The vegetable oil import in India is reaching a staggering height and it 
is expected to be more than 12.3 million tonnes in this year. This shows 
a steep rise of around 6% compared to that of last year.   The ever 
increasing requirement for both edible and non-edible uses coupled with 
the better standard of living of the Indian population ensures that the 
import bill will rise further. Serious introspection on this issue is required 
by all the stake holders and a national policy has to be formulated with 
immediate effect. The governmental funding agencies may plan some 
mission mode programmes in the lines of erstwhile Technology Mission 
on Oilseed, Pulses and Maize (TMOP & M) with renewed objectives. 
India is known for its biodiversity and many oilseed crops are produced in 
India under unorganized sector. Some of these are known to be cultivated 
under challenged climatic and soil conditions. There are many more 
resources of oils that are lesser known or even completely unexplored. 
These are grown locally and utilized by the tribal population of the nearby 
areas. The need of the hour is to conduct thorough survey and identify 
few crops for both edible and industrial uses including as biodiesel raw 
materials. Research wings like CSIR, ICAR, Department of Forest of 
the state and central governments and industries should come together 
and evolve a database for better understanding of these lesser known 
or new crops. In this issue, two research papers on two lesser known 
oilseeds are published where the details of the oils obtained and their 
possible uses were indicated. We will be looking forward to more such 
insight on the newer oilseed resources. 

Happy reading!!

(PRADOSH PRASAD CHAKRABARTI)
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ABSTRACT
 The present investigation aims to evaluate the 
quality and stability of chironji seed oil by exploring 
its physicochemical properties, composition, oxidative 
stability, thermal behaviour and also promote this 
underutilized fruit scientifically in order to increase 
market for chironji oil which will create revenue for 
the tribal peoples of India. Experimental findings 
of this study shows that yield of oil obtained after 
solvent extraction is more (56%). Fatty acid profile 
shows that oleic acid was the principal fatty acid. 
Chironji oil contains 41.79% saturated fatty acids 
and 58.21% unsaturated fatty acids. Viscosity of 
chironji oil (28.6 centipoise) was found to be lower 
than almond oil as reported in the previous literature. 
Other physicochemical properties namely acid 
value, saponification value, iodine value, percent 
unsaponifiable matter were also studied. Oxidative 
stability study and thermal behaviour of oil proves 
chironji oil is stable. Chironji oil can be used as 
an additive or blending agent for lipid based food 
materials. This study indicates its multi-dimensional 
prospects such as the nutritional characteristics and 
by and large its socio-economic values for the under-
privileged Indian tribal class people as a means of 
sustenance.
KEYWORDS: Buchanania lanzan, Physico-chemical 
properties, thermal stability, viscosity, fatty acid 
composition.

INTRODUCTION
Buchhnania lanzan (Chironji) is an evergreen moderate 
sized tree belonging to family Anacardiaceae, 
commonly found throughout the greater part of India 
in dry  deciduous forests. Chronji plant is one of 
the important wild plants having numerous benefifial 
nutrients and is an important element in Ayurvedic 
medical application. All the parts of chironji plant such 
as fruit, roots, leaves, seeds, gum and oil are used 

in diverse ways to treat a variety of health issues1. 
Researchers have found that the addition of chironji 
biomaterial as an emulsifier with sunflower oil proved 
to be a good emulsion for drug delivery2. Scientific 
studies such as. antioxidant, anti-inflammatory, 
cytotoxic, analgesic, adaptogenic, wound healing, 
anti-diarrhoeal activities of chironji plant (root, bark, 
seed, flower and leaf) have been studied by some 
researchers in recent past3-8. The fruits of the plant 
constitute valuable foodstuff for humans and are a 
commonly used ingredient in the preparation of many 
Indian sweets as well as aromatic items. Chironji is 
also used as a dressing material in many deserts 
and sweet food items (Kheer, Halwa, Basundi etc.). 
Chironji plants are facing severe threat of genetic 
erosion as a result of large scale urbanization and 
developmental activities in tribal inhabited areas9. 
In order to trigger research in the area of genetic 
diversity and conservation efforts of chironji, 72 genetic 
resources of chironji and their morphometric data for 
fruit, stone and kernel have been reported earlier10.

 The seed kernels of chironji are eaten raw or 
roasted which form a substitute for almond and the 
kernel yields a light yellow, sweet oil with a mild, 
pleasant aroma. Oil content of chironji has been 
reported to be 35-50%1. Earlier reports on fatty acid 
composition and total lipid composition of chironji 
seed oil revealed that this oil has high oleic acid 
content (55-60%) and found to be stable component 
for formulations of delayed action tablets11-12. Oil and 
fats are essential ingredients in the formulation and 
processing of foods in nutritional product. The oxidative 
and thermal stability of fats and oils play an important 
role in determining the quality of lipid containing 
products. According to some researchers, thermal 
analysis is an alternative method of measuring oil 
stability13-14. There are several reports in the medicinal 
and nutritional potential of this plant are available but 
as of now no such data is available on the oxidative 
stability and thermal behaviour of chironji seed oil 
which will incorporate positive input in the field of 
antioxidant study by blending them with other oils. 
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Previous study proved that high oleic acid content of 
chironji oil shows high stability by keeping their shelf 
life longer12.

 This study of this plant and plant products have 
reported presence of substantial elements with potent 
pharmacological and nutritional importance. Though the 
medicinal and nutritional prospective of chironji seed 
oil have been well studied, the oxidative and thermal 
stability of seed oil and its potential use as antioxidant 
rich source and blending agent with other edible oils 
are yet to be studied. In the present investigations, we 
aimed to evaluate the quality and stability of chironji 
seed oil by exploring its physicochemical properties, 
composition, oxidative stability and thermal behaviour 
which will be helpful for further studies in the direction 
of food and pharmaceutical purpose.

MATERIAL AND METHODS
Materials
Plant material and extraction: Chironji fruits were 
collected from the tribal district  of western Odisha 
(Bargarh), a south eastern part of India and soaked 
overnight in water to remove pulp and foreign materials. 
After removal of outer covering of the nut, they are kept 
in oven to remove further moisture. Kernels from the 
dried nuts were separated by stone hammering. About 
50 g of kernel was crushed and subjected to solvent 
extraction by using hexane as a solvent. Solvent was 
removed in rotary evaporator and concentrated oil 
sample was weighed to calculate final yield.

Methods
Proximate analysis: Elemental analysis of chironji kernel 
powder (5 mg) was carried out using the Elemental 
Vario ELIII (Germany) in order to quantify carbon, 
hydrogen and nitrogen percentage. Protein content of 
the chironji kernel was determined by the multiplication 
of percent nitrogen with universal conversion factor 
6.2515. Anthrone method was used to determine 
the carbohydrate content. Other physicochemical 
properties such as ash content, moisture content, 
iodine value, acid value, saponification value, percent 
unsaponifiable matter, percent free fatty acids were 
determined using standard procedure16.

Viscosity: Modular compact rheometer series MCR52 
(Anton Paar, USA) was used in order to know the 
time dependant viscosity of the extracted oil. Rheoplus 
inbuilt software was used to control the experimental 
parameters. Cup and cone type system was used for 
the measurement by keeping temperature constant 
(25±1oC). The frequency used was 10–4-100 Hz and 
time of analysis used was 120 seconds for each 
experiment. Viscosity of the samples is reported in 
centipoise (cP).

Fatty acid profile by GC and GC-MS: Fatty acid methyl 
esters (FAME) of chironji oil were prepared according 
to the method described by Hammond17. FAME was 
analysed using Nucon-5765 (Nucon Engineers, Delhi, 
India) gas chromatograph with flame ionization detector 
(FID). Experimental parameters were maintained as per 
the reported conditions18. GC-MS analysis of chironji oil 
esters was done in Shimadzu QP-2010 plus with TD 
20, Kyoto, Japan (Advanced Instrumentation Research 
Facility Laboratory, J.N.U Delhi, India). The operational 
conditions for GC-MS analysis were: Column Rtx®-5Ms 
(30m x 0.25 mm x 0.1μm of film thickness); Carrier 
gas – helium (1 ml/min) and an injection volume of 
2μl (split ratio of 10.0); Injector temperature 250oC; 
Oven temperature was programme from 140oC (5 
min hold time) with an increase of 4oC/min to 280oC 
(15 min hold time); Ion source temperature 220oC, 
Interface temperature 260oC.

Thermal stability test: The TGA was done using 
TA-Q600 (USA) instrument to identify the thermal 
degradation patterns of oil. Samples of 15 to 20 mg 
were heated from room temperature to 800oС with a 
ramping speed of 10oС/min under inert atmosphere. 
The DSC analysis was done by a TA- Q600 (USA) 
instrument. Samples of 8 to 10 mg were equilibrated 
and then heated at a ramping rate of 10oС /min to 
400oС and cooling rate of 20oС /min was applied and 
then heated again at the same ramping rate 10oС /
min to 400oС19.

Oxidative stability test: Oxidative stability test was 
carried out in the Rancimat 743 instrument to know 
the induction period (IP) of chironji oil. Experimental 
conditions like temperature (110-130oC) and air flow 
rate (20 L/h) was set according to the conditions 
suggested by Jaiswal20. Amount of oil sample taken 
in each reaction vessel to carry out experiment was 
3g. All the experiments were carried out in triplicates 
and IP was reported in hours (hr).

Statistical analysis: Experimental data of proximate 
analysis and rancimat test was subjected to statistical 
analysis using SPSS 16 (statistical software package). 
Values of the experiments are expressed as mean± 
standard deviation.

RESULTS AND DISCUSSION
Proximate analysis: Previous reports suggest that 
chironji oil may be used as a substitute for almond oil 
for food and pharmaceutical applications. It has been 
found that the oil yield of the seed kernel was 56% 
(28 g) using hexane as a solvent. The physicochemical 
properties such as acid value, free fatty acid, iodine 
value, saponification value, percent unsaponifiable 
matter and viscosity of oil are reported in Table 1. 
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Results of higher saponification value (205.79±2.60) 
and lower percent unsaponifiable matter (1.4±0.30) 
indicate that chironji seed oil is normal triglycerides and 
can be used for food, pharmaceutical and cosmetic 
applications after proper safety evaluation. Iodine 
value of oil was found to be low (59.10±1.43) which 
keeps oil in non-drying group. Some compositional 
parameters of chironji kernel, oil and de-oiled cake 
are mentioned in Table 2. Results of compositional 
characteristics are comparable with previous results 
reported in literature1, 21.

TABLE 1
Physicochemical Properties of Chironji Oil

Properties Chironji Oil
Acid value (mg KOH/g) 18.53±0.47

Free fatty acids (mg KOH/g) 9.31±0.24
Iodine value (gI2/100g) 59.10±1.43

Saponification value (mg KOH/g) 205.79±2.60

Unsaponifiable matter (% w/w) 1.4±0.30

Viscosity (cP) 28.6±0.24

All values are the means of triplicate determination ± 
standard deviation.

TABLE 2
Compositional Parameters of Chironji  Seed

Parameter Sample part Mean ± SD (%)
Carbon (C) Kernel 61.91±1.21

Hydrogen (H) Kernel 9.66±0.73

Nitrogen (N) Kernel 4.51±0.59

Carbohydrate Kernel 10.87±0.61

Protein Kernel 28.19±1.09

Ash De-oiled cake 5.63±0.96

Moisture Kernel 2.86±0.91

De-oiled cake w9.66±0.31

Oil 0.87±0.07
All values are the means of triplicate determination ± 
standard deviation.

Fatty acid profile by GC and GC-MS analysis: Fatty 
acid composition of oil analysed by GC is displayed 
in Fig.1 and values are reported in Table 3. Oleic 
acid (53.71%) is the principal fatty acid followed by 
palmitic acid (31.42%),stearic acid (7.47%), Linoleic 
acid (4.50%), myristic acid (2.90%). Fatty acid 
composition of oil contains approximately 40:60 ratios 

of saturated fatty acids (41.79%) and unsaturated fatty 
acids (58.21%). Results of fatty acid composition and 
presence of triglycerides are comparable with some 
earlier study11, 12.

Fig.1 : GC Profile of Chironji Oil

TABLE 3
Fatty Acid Composition of Chironji Oil

Fatty acid Lipid number Amount (%)
Myristic acid C14:0 2.90

Palmitic acid C16:0 31.42

Stearic acid C18:0 7.47

Oleic acid C18:1 53.71

Linoleic acid C18:2 4.50

 The compounds identified from chironji oil 
analysed by GC-MS are shown in Table 4. The 
identification of the compounds were performed by 
matching their fragmentation pattern in mass spectra 
with NIST-11and Wiley-8 library. The principal chemical 
compounds found were 9-Octadecanoic acid (37.28); 
Hexadecanoic acid (21.61); 1- Tetradecanol (14.58); 9- 
Hexadecanoic acid (2.16); 1-Dodecanol (1.96), Methyl-
eicosanoate (1.88); Oleic acid eicosyl ester (1.81); 
2-Methoxy decanoic acid (1.47) etc. Fragmentation 
pattern of some important chemical compounds of the 
oil were shown in Fig.2 (a),(b),(c),(d),(e). It was found 
that the plant seed oil is rich in fatty acids content. 
This investigation showed that the octadecanoic acid 
and hexadecanoic acid (21.47) were the major fatty 
acids. This variation of chemical composition in the 
fatty acids oil could be due to different geographic 
and climatic environmental conditions of the plants22. 
Earlier studies suggest that the content and chemical 
composition of oil in oilseeds are hampering by 
the geographical location and climatic conditions, 
particularly temperature and rainfall23-25.
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Time dependant viscosity analysis: Viscosity of chironji 
oil was measured by rheometer at room temperature 
(25 oC) correspondence with time (120 seconds) in 
order to evaluate changes in viscosity. Twenty data 
points were measured at the interval of 6 seconds as 
shown in Fig.3. Viscosity of chironji oil at first data 
point was noted at 28.6 cP and last data point at 1.8 
cP with decreasing viscosity by one. The viscosity of 
other oils namely almond (81.92 cP), olive (86.62 cP) 
and walnut (59 cP) is more than chironji oil26. Augusto27 

reported time dependant steady state decay of shear 
stress for tomato juice which is similar to decaying 
trend of stress for chironji oil with increasing time.

Thermogravimetric Analysis: The result of the 
thermogravimetric analysis (TGA) on the chironji oil 
is reported in Fig. 4(a). TGA was used to determine 
the weight loss of the oil on heating. Transitions 
involving mass changes are noticed by TGA as a 
function of temperature and time. In this study the 
curve shows that the oil did not decompose before 
249oC. The start time for decomposition of Chironji 
oil was a little lower than that of other vegetable oils 
such as olive oil (287.99oC), sunflower oil (304.00oC) 
and corn oil (305.95oC)28. Earlier reports suggest that 
polyunsaturated fatty acids are less stable compared 

to monounsaturated fatty acid and saturated fatty 
acids29-31.

Differential Scanning Calorimetry: Differential scanning 
calorimetry (DSC) was used to determine the 
occurrence of exothermal or endothermal changes 
with increase in temperature.

 Fig.4 (b) shows a DSC profile for the sample of 
chironji oil, the peak above the baseline representing an 
exothermic event. The peak of exotherm was 323oС, 
indicating that the curing and thickening behaviour of 
this oil will occur at this temperature. One exothermic 
peak is exhibited by the sample corresponding to its 
glass transition. The temperatures of phase transition 
were observed to be very high and may provide extra 
structural stability. Earlier studies19 are consistent with 
the current result.

Oxidative stability: Oxidative stability of Chironji oil 
was determined by Rancimat 743 model to study 
the effect of varying temperature on the stability 
of oil. Results from this study showed that as the 
temperature increases from 110-130oC by keeping 
constant air flow rate, stability of oil decreases to its 
half as shown in Fig.5. From the continuous three 
observation of each experiment of varying temperature 
at 110, 120 and 130oC, induction period of oil was 

TABLE 4
GC-MS Profiling of Chironji Oil

Compounds identified R. Time (min) % Area
Tridecane 3.59 0.89
1-Dodecanol 6.87 1.96
1-Tetradecanol 12.37 14.58
9-Hexadecanoic acid, methyl ester 17.91 2.16
Hexadecanoic acid, methyl ester 19.0 21.61
9-Octadecanoic acid, methyl ester 23.51 37.28
Octadecanoic acid, methyl ester 23.77 5.96
Methyl 9-cis,11-trans-octadecadienoate 24.69 0.65
2-Methoxy decanoic acid 26.20 1.47
Cis-11-Eicosenoic acid, methyl ester 27.00 0.66
Eicosanoate <methyl-> 27.57 1.88
Heptadecanedioic acid, 9-oxo-, dimethyl ester 29.04 0.25
Phthalic acid, bis(2-ethylhexyl) ester (6CI,8CI) 31.90 0.38
Tetracosanoate <methyl-> 35.20 0.66
Docosanoate <methyl-> 38.62 0.84
Thiositosterol disulphide 41.51 0.24
Hexadecanoic acid, tetradecyl ester 42.73 0.99
Oleic acid, eicosyl ester 47.15 1.81
Tetracosyl pentafluoropropionate 47.64 0.25
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chironji oil. This increase in stability of chironji oil is 
due to the presence of more oleic acid in fatty acid 
composition and lower percentage of linoleic acid 
(4.50) content where in almond oil, linoleic acid is 
slightly more (20-23%) which makes oil more prone 
towards oxidation33.

Fig.2 : Mass Spectrum of different compound 
a.9-Octadecenoic acid, methyl ester, b.1-
Tetradecanol, c.9-Hexadecenoic acid, methyl 
ester, d.Hexadecenoic acid, methyl ester, 
e.Oleic acid, eicosyl ester.

Fig.3 : Time Dependant Viscosity of Chironji Oil

Fig.4 : Thermal Curve for Chironji Oil  a. TGA analysis, 
b. DSC Analysis

Fig.5 : Oxidative Stability of Chironji Oil

found to be 19.71±1.23, 7.83±0.98 and 3.29±1.11. 
Results confirmed that chironji oil is stable than pea 
nut (6.05±0.46 at 110oC) and linseed oil (1.50±0.04 
at 110oC) as reported earlier20. On the other hand 
the stability of almond oil at 120oC with 20 L/h air 
flow rate showed 4.1 hour IP32 which is lower than 
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CONCLUSION
 The present study evaluates the quality 
and stability of chironji seed oil by exploring its 
physicochemical properties, composition, oxidative 
stability, and thermal behaviour. The oil obtained from 
chironji nuts has remarkable nutritional properties. The 
study shows that this oil is an excellent source of 
omega-9 oleic acid in particular and palmitic acid.  The 
results may be used for the basis of their utilities in 
several research areas such as food, pharmaceuticals, 
cosmetics etc. The oxidative stability and thermal 
behaviour indicate that this oil could be the stable 
component and substitute for confectionary materials 
and can also be used as an additive or blending 
agent to stabilize other lipid based materials which 
are more prone towards oxidation. However, further 
detailed investigations are warranted to explore the 
method of stabilizing and blending chironji oil with 
other edible oils to increase their potential utility. The 
findings shown in this study may help in improving 
its socio- economic values for the unprivileged Indian 
tribal class people as a means of sustenance.
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is to have serious introspection in order to find alternate 
sources for vegetable oils. 
 In the past several years many studies have been 
carried out looking at the utilization of wild plants as a 
source of unconventional oil for edible and non-edible 
application3-12. There have been reports on the tree 
borne oil seeds as potential source. India’s forest 
base is rich in a variety of tree-borne oilseeds and 
there is a lot of scope to exploit the lesser known 
and unknown oilseeds of the forest origin.    

Caesalpinia sappan L. belongs to this category and 
not yet studied for its oil content and physico-chemical 
properties. Caesalpinia sappan belongs to the family 
Fabaceae and is a small thorny tree, grows up to 10 m 
in height and the wood spreads 15-30 cm in diameter. 
Its fruit contains 3-4 seeds which are ellipsoid and 
brown to black in colour. It is commonly known as 
Sappan wood or Brazil wood13. Caesalpinia sappan 
is known to be cultivated in south-east Asia for the 
red dye known as Brazilin and is used for dyeing 
fabrics as well as making red paints and inks. It is 
also reported to be a safe natural colouring agent with 
good medicinal value for food products, beverages and 
pharmaceuticals14. Caesalpinia sappan was reported 
to possess many medicinal uses such as antibacterial 
and anticoagulant properties. The wood of Sappan 
is of commercial value and is reported to be lighter 
in colour compared to the Brazil wood and its other 
allies. This plant and other few species belonging 
to Caesalpinia L genus have been reported to be 
used for the treatment of inflammation and improving 
blood circulation, as an antimalarial, an antihelmintic 
and also for the treatment of jaundice and for some 
digestion related problems15. Caesalpinia sappan was 
exploited by many researchers mainly focussing on the 
isolation and evaluation of bioactive molecules from 
various parts of the tree. However, no research data is 
available on the seed oil and its compositional study. 

ABSTRACT
 The seeds of Caesalpinia sappan collected from 
the southern region of India (Andhra Pradesh) were 
analyzed for physico-chemical properties and chemical 
composition of the oil was investigated. The seed 
was found to contain oil (13.5 % dry w/w), moisture 
and volatiles (10.0 % v/w), protein (18.8 % on dry 
basis) and carbohydrate (48.7 % on dry basis). The 
oil was analyzed for acid value (1.9), iodine value 
(100.9 mg/g), peroxide value (1.958), saponification 
value (197.7), density (0.9263 g/cm3 at 40 ºC), specific 
gravity (0.9336 at 40 ºC), kinematic Viscosity (39.7 
Cst). The unsaponifiable matter was 3 % and the 
phosphorous content was found to be 692.3 ppm. 
The fatty acid composition was analyzed by GC and 
the prominent fatty acid was found to be linoleic acid 
(66.2 %) followed by palmitic (11.5 %), stearic (4.9 
%) and oleic (15.9 %) acids and it has good potential 
for edible applications.

KEY WORDS: Caesalpinia sappan, physico-chemical 
properties, characterization, fatty acid composition.

INTRODUCTION
 Researchers all over the world are looking forward  
to find out new sources of oils for edible and non-edible 
applications. In recent years, interest in finding new 
sources of food that will meet the health and nutritional 
needs of the world’s population has been increasing1. 
With the growing population, the situation is becoming 
more alarming as some of the countries have to depend 
more on imports to meet their domestic demands. Due to 
this scenario, the imports of vegetable oils are increasing 
rapidly and during 2013-14, India alone imported more 
than 11.61 million tonnes of vegetable oils for the edible 
and industrial applications2. Hence, the need of the hour 
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Therefore, the present study was aimed to investigate 
the physico-chemical and compositional properties of 
oilseed of Caesalpinia sappan plant. 

MATERIALS AND METHODS 
Materials
Seeds of Caesalpinia sappan were collected from 
AP Forest Department, Hyderabad, India during the 
month of February. All the chemicals and solvents 
were purchased from M/s. Sd Fine Chemical Co. Ltd. 
(Mumbai, India) and were of laboratory reagent grade.

Methods
Proximate Analysis: Moisture, protein, lipid, ash, 
and crude-fibre contents were determined following 
the standard AOAC methods16. Total carbohydrate 
content was calculated by subtracting the sum of the 
percentages of moisture, lipids, protein, ash, and fibre 
from 100. Moisture and volatile matter were determined 
according to AOCS official methods17.

Extraction of oil: The dried seeds of C. sappan were 
ground to powder and in an electrical grinder and oil 
was extracted in a Soxhlet apparatus using hexane 
as solvent. The oil content was determined as a 
percentage of the extracted oil to the sample weight 
(w/w). The extracted oil was stored at 4°C in a glass 
bottle under nitrogen blanket for further analysis.  

Physico-chemical Analysis of Oil: Free fatty acids, 
iodine value, saponification value, peroxide value, 
unsaponifiable matter, density and colour were 
measured following official methods of AOCS18. Colour 
was determined using Lovibond Tintometre (Lovibond 
model PFX 995) and density was determined using 
Anton Paar density meter (Type DMA4500M, Austria) 
at 40°C. The samples were analyzed in triplicate and 
the average of the three measurements is reported. 
Phosphorous content was estimated following IUPAC 
method19. The Kinematic viscosity (Cst) was measured 
following ASTM standard method20. 

Fatty Acid Composition by Gas Chromatograph: 
The fatty acid composition of the extracted oil was 
determined by gas chromatography (GC). The oil was 
converted to fatty acid methyl esters using methanol-
sulphuric acid (2% v/v) reagent. GC analysis of 
the fatty acid methyl esters (FAME) was performed 
using a Agilent 6890 gas chromatograph coupled to 
a flame ionization detector (FID) equipped with a 
DB 225 capillary column (30 m x 0.25  mm x 0.25 
µm, (J&W Scientific, USA). The column temperature 
programme was 2 min at 160°C, 5°C/min to 230°C 

and 20 min at 230°C. The injector temperature was 
230°C with a split ratio of 10:1. The carrier gas was N2 
at a flow rate of 1 mL/min. The detector temperature 
was 270°C with air and hydrogen flow rates of 300 
mL/min and 30 mL/min, respectively. The fatty acids 
were identified by comparing the retention times with 
mixture of standard FAMEs, C4-C24 (Supelco, USA). 
Each FAME sample was analyzed in duplicate and 
average values are reported. 

Analysis of Unsaponifiable Matter by Gas Chromato-
graphy: GC analysis of unsap matter was performed 
using a Agilent 6850 gas chromatograph coupled 
to a flame ionization detector (FID) equipped with 
a HP-1 capillary column (30 m x 0.25 mm x 0.25 
µm, 100% dimethyl polysiloxane stationary phase 
material; company, J&W Scientific, USA). The column 
temperature programme was 2 min at 150°C, 10°C/
min to 300°C and 20 min at 300°C. The injector 
temperature was 280°C with a split ratio of 50:1. 
The carrier gas was N2 at a flow rate of 1 mL/min. 
The detector temperature was 300°C with air and 
hydrogen flow rates of 300 mL/min and 30 mL/min, 
respectively. The unsaponifiables were identified by 
comparing the retention times with those of mixture of 
standard compounds (Vitapherol, India). Each sample 
was analyzed in duplicate.  

RESULTS AND DISCUSSION
Physical and proximate analysis of the Caesalpinia 
sappan seed: The physical characteristics and the 
proximate composition of the Caesalpinia sappan seed 
were determined following standard methodologies 
and the values obtained are given in Tables 1 and 2 
respectively. It can be observed that ratio of kernel 
to seed was in 72:28 (wt/wt).   

TABLE 1
Physical Characteristics of Sappan

(Caesalpinia sappan) Seeds

Constituent/Characteristic Value
100 seed weight (g) 61.3
1 seed weight (g) 0.613
Length (cm) 1.7
Width (cm) 1.2
Breadth (cm) 0.4
Relative density  (g/cm3) 0.4626
Kernel in seed (d.b %) 72.0
Shell in seed (d.b %) 28.0

d. b. %: Dry basis percent
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TABLE 2
Proximate Analysis of Sappan

(Caesalpinia sappan) Seeds

Characteristic Caesalpinia sappan seed
Moisture  (%) 10.0
Protein (d.b %) 18.8
Oil (d.b %) 13.8
Ash (d.b %) 2.9
Fiber (d.b %) 5.7
Carbohydrate (%) 48.7

d. b. %: Dry basis percent.

 The analysis of seed as such showed a high 
content of carbohydrate followed by protein, oil and 
moisture. Fibre and ash were present as minor 
constituents.  These values suggest that the seed 
residue after oil extraction could have applications in 
cattle feed. 

Physico-chemical Properties of Oil: All the physico-
chemical characteristics were analyzed following 
standard methodologies and the values obtained for 
Caesalpinia sappan seed oil are shown in table 3. 

TABLE 3
Physico-chemical Properties of the Seed Oil   

Physico-chemical 
Parameters 

Caesalpinia sappan 
seed oil

FFA (wt %) 0.95
Iodine value (g/100g) 100.9
Density at 40 °C (g/cm3) 0.9263
Specific gravity at 40 0C 0.9336
Saponification value (mg/g) 197.8
Unsap matter (wt %) 3.0
Peroxide value (ppm) 2.0
P-Content (ppm) 692.3
Kinematic Viscosity (Cst) 39.7
Refractive Index 1.4799

 Even though the acid value for sappan oil is 
found to be 1.9 mg KOH/g it has to be refined as it 
is obtained by solvent extraction. It is interesting to 
observe a low peroxide value (2 meq/Kg) which shows 
that the oil is very stable.  The unsaponifiable matter 
present in the Caesalpinia sappan seed oil was found 
to contian common phytosterols, sitosterol (62.9%) 
was the major sterol present followed by stigmasterol 
(28.8 %) and campesterol (8.3 %).

Fatty Acid Composition 
  The fatty acid composition of the extracted oil was 
determined by GLC and is illustrated in Table 4. Linoleic 
acid was found to be the major fatty acid (66.2%) 
followed by oleic, palmitic and stearic acids in lower 
amounts compared to linoleic acid. The linoleic acid is 
similar in content when compared to edible oils such 
as corn and sunflower oils which have about more 
than 50% linoleic acid. Minor seed oil such as melon 
seeds, buffalo gourd seeds, poppy seeds, tobacco 
seeds, walnut seeds, hemp seeds and wheat germ oil 
are also reported to contain high amounts of linoleic 
acid (>60%) as observed in the present case21. The 
fatty acid composition of C. sappan seed oil suggests 
that the oil can be a good source of linoleic acid 
and percentage of total unsaturated fatty acids in 
sappan seed oil was 82.4%, while the percentages 
of saturated, monounsaturated and polyunsaturated 
fatty acids were 17.2, 16.1, and 66.3% respectively. 

TABLE 4
Fatty Acid Composition (wt %) of the

Caesalpinia sappan Seed Oil

Fatty acid Amount %
16:0 11.5
18:0 4.9
18:1 15.9
18:2 66.2
18:3 0.1
20:0 0.3
20:1 0.2
22:0 0.1
24:0 0.4
SFA 17.2

MUFA 16.1
PUFA 66.3

SFA saturated fatty acids, MUFA monounsaturated 
fatty acids, PUFA polyunsaturated fatty acids.  

CONCLUSIONS 
 In the present study, Caesalpinia sappan seed 
was identified as a new source for oil from Fabaceae 
family. This is the first report on the oil composition 
studies from this seeds. Complete analysis of the 
seed and oil from Caesalpinia sappan showed that 
oil content was about 13-14% and all the physico-
chemical properties were similar to other vegetable 
oils. Fatty acid composition revealed that oil was rich 
in linoleic acid followed by oleic and palmitic acids.
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ABSTRACT

should be, of course, to provide for the maximum yield 
of substances and of the highest quality (concentration 
of target compounds and antioxidant power of the 
extracts). The variables investigated up to now have 
been: pre-treatment of the sample (degreasing and 
size reduction), solvent/sample ratio, type of solvent, 
time and temperature of extraction. It was shown that 
degreasing reduced total phenols yield, increasing only 
slightly the phenolic content of extracts1. 

The effect of the solvent/sample ratio has 
been investigated by other authors for different raw 
materials2-7. The higher the ratio, the higher the 
total amount of solids obtained, despite the solvent 
used, according to mass transfer principles. Type 
of solvent has been the most investigated factor. 
Primarily alcoholic solvents are commonly employed 
to extract phenolics from natural sources. Particularly, 
mixtures of alcohols and water were found to be 
more efficient in extracting phenolic constituents than 
the corresponding single solvent system7. Time and 
temperature of extraction are important parameters to 
be optimized even in order to minimize energy cost 
of the process. Increase in the working temperature 
favors extraction enhancing both the solubility of solute 
and the diffusion coefficient. However, beyond a certain 
value phenolic compounds can be denatured1,5,6. 
Spigno, et.al concluded that phenols yields at 60 0C 
were higher than at 28 0C. There are varying figures 
about the time of extraction5-8.

MATERIALS AND METHODS
Materials
 Sunflower oil cake was procured from a sunflower 
oil industry located in Beed (Maharashtra).

REAGENTS AND STANDARDS
Methanol, Ethanol, Isopropanol, Acetone and 

Ethyl-acetate used were analytical reagent grade 
and purchased from ‘Thomas and Baker Pvt Ltd’. 
The Folin–Ciocalteau phenol reagent and the free 
radical 1,1 Dipheny 2-2-picryl-hydrazyl (DPPH) were 
purchased from Sigma Chemical Co (Sigma–Aldrich 

This study was aimed to optimize the extraction 
of phenolic compounds from sunflower cake at room 
temperature, and the effect of solvent on phenols 
yield and quality of extracts. The extraction of phenolic 
antioxidants was performed using various solvents 
such as Methanol, Ethanol, Ethanol:Water 1:1, 
Methanol:Water 1:1, Acetone, Isopropanol and Ethyl 
acetate. The optimum solvent extraction conditions of 
phenols conditions were solvent to sample ratio (5:1) 
(v/w) for extraction period of 180 min, at ambient 
temperature. Extraction was a slow process, with 
higher yields at 3 hr and room temperature, and with 
apparent degradation of constituents beyond 20 h. 
Phenols yield was highest for ethanol and lowest for 
ethyl acetate. Antioxidant power (DPPH test) highly 
correlated to total phenols concentration suggesting 
that this variable influenced only the amount but not 
the nature of the extracted compounds.

KEYWORDS: Antioxidant activity, phenolic compounds, 
solvent extraction, extraction parameters.

INTRODUCTION
Importance of natural antioxidants for medical and 

food application has been underlined by numerous 
researchers1. The same work also reported about the 
increasing processing of agricultural wastes (such as 
sunflower oil cake) as a low-cost source of antioxidants 
(phenolic compounds). Recovery of these components 
is commonly performed through a solvent- extraction 
procedure but, at present, unambiguous data on the 
methods and conditions for extraction are available and 
sometimes contradictory, if different raw materials are 
compared. Moreover, results are difficult to compare 
because sometimes only the phenolics content of the 
final extracts is reported, but not the total yield. In this 
present investigation, extraction methodologies were 
studied keeping in mind the maximum yield of target 
compounds and quality of the product determined by 
antioxidant properties. The aim of an extraction process 
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Company Ltd). Sunflower oil (SFO) was obtained as 
a complimentay sample from Kamani oil industries 
Mumbai. 

Methods
Extraction of phenolic compounds: The extraction of 
phenolic antioxidants was performed using various 
solvents such as Methanol, Ethanol, Ethanol:Water 
1:1, Methanol:Water 1:1, Acetone, Isopropanol and 
Ethyl acetate. The solvent to sample ratio (5:1) and 
3 hr extraction period, at ambient temperature was 
maintained. The sunflower meal (40gm) was extracted 
for 1 h with n-hexane at a ratio of 5:1 (v/w) by using soxhlet 
extraction, for fat removal. The deoiled cake extracted 
continuously or by steps with different extracting 
solvents such as Methanol, Ethanol, Ethanol:Water 
1:1, Methanol:Water 1:1, Acetone, Isopropanol and 
Ethyl acetate, at proportions of solvent volume to 
sample mass 5:1 (v/w), for different extraction times 
(from 30 min to 6 h) using a magnetic stirrer at ambient 
temperature. The new extracts were filtrated using a 
Whatman filter paper, and the filtrate was obtained. The 
combined filtrates were evaporated to dryness in a rotary 
evaporator and the residue redissolved in methanol and 
kept at 20 0C until subsequent analyses.

Sunflower meal/cake

↓

Fat removal (1 h, n-hexane:
sample 5:1 v/w)

↓

Filtration

↓

Residue

↓

Extraction (3h, solvent:sample 5:1  v/w
at required temperature)

↓

Filtration

↓

Solvent evaporation

Scheme 1 : Recovery of Phenolic Compounds from        
              Sunflower Cake/meal

Extraction kinetics : The effect of the solvent/sample 
ratio has been investigated by Pinelo M et.al.6. The 
higher the ratio, the higher the total amount of solids 
obtained, despite the solvent used, according to mass 
transfer principles. The solvent to cake ratio was 
maintained as 5:1 (v/w). Time and type of extraction 
are important parameter to be optimized even in order 
to minimize energy cost of the process. Increase in the 
working temperature favors extraction enhancing both 
the solubility of solute and the diffusion coefficient. 
However, beyond a certain value phenolic compounds 
can be denatured1,6. The study was done to compare 
antioxidant properties.

Antioxidant assays: DPPH radical scavenging method: 
The antioxidant activity of the phenol extracts was 
evaluated by using the stable 1,1-diphenyl-2-picryl-
hydrazyl radical (DPPH) according to the method 
described earlier8. Methanolic solutions of phenol 
extracts (0.1 ml) and 3.9 ml methanolic solution of 
DPPH (0.0025 g/100 ml CH3OH) were added in a 
cuvette and the absorbance at 515 nm (till stabilization) 
was measured against methanol using a double-
beam ultraviolet–visible spectrophotometer Hitachi 
U-3210 (Hitachi, Ltd., Tokyo, Japan). Simultaneously, 
the absorbance at 515 nm of the blank sample 
(0.1 ml methanol + 3.9 ml methanolic solution of 
DPPH) was measured against methanol. The radical 
scavenging activities of the tested samples, expressed 
as percentage inhibition of DPPH, were calculated 
according to the following formula proposed earlier9.

 % Inhibition = 100 X (A-A0)/A0

Where A0 is the absorbance at 515 nm of the 
blank sample at time t=0 and A is the final absorbance 
of the test sample at 515 nm.

Determination of Total Phenolic Contents (TPC): Total 
phenolic constituents of plant extracts were estimated 
employing the methods involving Folin-Ciocalteu 
reagent and gallic acid as standard. Extract solution 0.1 
ml was taken in a volumetric flask, 46 ml distilled water 
and 1 ml Folin-Ciocalteu sreagent was added and flask 
was shaken thoroughly. After 3 min, 3 ml of solution 
2% Na2CO3 was added and the mixture was allowed 
to stand for 2 hr with intermittent shaking. Absorbance 
was measured at 765 nm. The same procedure was 
repeated to all standard gallic acid solutions (0–1000 
mg, 0.1 ml-1) and standard curve was obtained.

Peroxide value Determination of Peroxide Value: All 
solvent extracts were added at concentrations 0.2% 
to commercial sunflower oil. Then, all the samples 
were put in an oven at 85 0C where thermal oxidation 
took place. Every 24 h the samples were analyzed for 
peroxide value in order to monitor the oxidation process. 
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The peroxide value was determined according to the 
EEC method (EEC Regulation No. 2568/91, L-248/05-
09-1991). 

RESULTS AND DISCUSSIONS
Solvent extraction variables study: Sunflower meal (40 
gm) was extracted with 7 different solvents, Methanol, 
Ethanol, Ethanol:Water 1:1, Methanol:Water 1:1, 
Acetone, Isopropanol and Ethyl acetate . The Methanol, 
Ethanol, and IPA led to maximum yield while Acetone 
and Ethyl- acetate gave the lowest extract (Table 1). 

TABLE 1
Effects of Extraction with various solvents

Solvent for extraction yield
Methanol 8.69%
Ethanol 5.77%
Methanol : water 5.5%
Ethanol :water 4.71%
Isopropyl alcohol 3.65%
Acetone 1.35%
Ethyl acetate 1.76%

High yield was achieved using Methanol and 
ethanol for the extraction of phenolis from sunflower 
cake.

Study of antioxidant properties vis-a-vis time of 
extraction: The aim of the first part of experimentation 
was to investigate the effect of time on yield and 
quality of antioxidant. Extracts were collected at 
every half hour, the extraction was performed for 
4 h. The highest antioxidant activity was shown at 
3.5 h (Table 2 and 3). The phenol content of the 
sunflower cake extracts increased with increasing 
the extraction time. An extraction time of 3.5 h was 
sufficient to obtain maximum phenol content for all 
studied extracting solvents (Table 2 and 3). Further 
increase of the extraction period led to an insignificant 
increase in the phenolic yield of the solvent extracts, 
rendering the extraction procedure time consuming 
and uneconomical. In addition, an increase of the 
extraction time over 3 h resulted to a decrease in 
the antioxidant potential of the phenol extracts, as the 
antiradical activity of phenols is negatively affected 
by their exposure to environmental factors, such as 
temperature, light and oxygen. In the sunflower meal, 

TABLE 3
Effects of Time Extraction on Antioxidant Properties

Time 
Antioxidant activity  as %  inhibition

Methanolic extract Ethanolic extract IPA extract
30 min 1156.41 1787.179 1061.538
60 min 1728.205 2484.615 1748.711
90 min 1820.512 2856.410 1848.717
120 min 2248.717 2920.512 1941.025
150 min 2723.076 3028.201 2989.032
180 min 3028 3176.94 3014.587
210 min 3256.5 3425.64 3145.98
240 min 2890.8 2976.56 2756.32

TABLE 2
Effects of Time on yield of Phenolics 

Total phenol content Values
Methanol extract(1/2 h) 539.307 mg/gm GAE
Methanol extract(1h) 560.846 mg/gm GAE
Methanol extract(1.1/2 h) 579.30 mg/gm GAE
Methanol extract(2h) 583.153 mg/gm GAE
Methanol extract(2.1/2h) 646.23 mg/gm GAE
Methanol extract(3h) 653.923 mg/gm GAE
Methanol extract(3.1/2) 666.76 mg/gm GAE
Methanol extract(4h) 609.30 mg/gm GAE
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a solvent/sample proportion of 5:1 (v/w) was the 
most suitable for the maximum extraction of phenolic 
compounds regardless of the extraction solvent. 
Time was a significant variable, particularly at room 
temperature and for total phenols extracts higher 
values were reached in agreement with other literature 
works. That is why extraction at room temperature for 
3 h was selected, that leading to higher yields. 

 To study the effect of extraction time on 
antioxidant activity of sunflower meal extract total  
phenolic contents were determined.

Methanolic extracts of sunflower meal collected 
at every half hour, showed the highest antioxidant 
activity at 3 and 3.5 h, whereas the extract exhibited 
the decrease in antioxidant activity as the extraction 
time increases. 

Comparison of efficiency of sunflower extract by solvent 
extraction type: Extraction of sunflower meal was 
carried out by two methods firstly by magnetic stirring at 
ambient temperature and secondly by soxhlet extraction 
at temperature depending upon extracting solvent 
(methanol used for extraction type study). That is why 
extraction at room temperature for 3 h was selected, 
even leading to higher yields and better antioxidant 
potential.

TABLE 4

Effect of Extraction Type on PV

PV
Storage Time (hr) 24 48 72
SFO+methanolic sunflower 
extract (room temp. 
extraction)

3.99 4.76 5.11

SFO+methanloic sunflower 
extract (soxhlet extraction) 5.67 8.00 10.8

Table 4 showed that extraction at higher 
temperature using soxhlet assembly the antioxidant 
activity was less which is proved by observing PV 
values. Ambient temperature extraction by using 
magnetic stirrer the yield was less but the antioxidant 
activity was more. For all the further study the 
extraction was done at room temperature.

CONCLUSION
The aim of the present research was to get a 

better insight into optimization of solvent extraction 
of antioxidants from sunflower cake, investigating 
some variables which were selected on the basis of 
the available literature. Analysis of results brought to 

the following conclusions and aspects that should be 
further investigated. Extracts with different antioxidant 
(phenolics) concentrations and activities were obtained 
from sunflower meal by changing the conventional 
solvent extraction conditions, namely, time, solvent 
concentration and type. Alcohols were selected as 
the most appropriate solvent for the extraction of 
phenolic compounds from sunflower cake/meal for 
the production of extracts with high phenol content 
and high antioxidant activity. 

In order to maximise recovery yield it could be 
better to work at room temperature rather preventing 
thermal degradation. This needs to be verified by 
evaluation of the energy cost of the extraction step on 
the overall production cost. Beyond 3 h of extraction 
there was an apparent reduction in the amount of 
extracted phenols, but it is under investigation whether 
this was due to a real degradation or to polymerization 
reactions bringing new compounds with a different 
response to analytical measurements. Addition of 
water to ethanol improved extraction rate, but too 
high water content brought an increased concomitant 
extraction of other compounds. This results in lower 
phenols concentrations in the extracts. A detailed 
study on extraction rate (even for shorter times) 
and its relationship with temperature and antioxidant 
power of extracts will allow scaling-up and design of 
the process. 
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ABSTRACT
A study of stability of blends of rice bran oil (R) 

and linseed oil (L) with other oils under microwave 
heating was carried out. One oil from either of sesame 
(S), cottonseed (C), palmolein (P) was blended with 
a 50:50 mixture of rice bran oil and linseed oil. Thus 
three blends namely RLS, RLC, RLP with resulting 
proportion of 2:2:1 (v/v) and one control sample RL 
were prepared and subjected for microwave heating 
for 0, 3, 6, 9, 12 and 15 min and analysed for their 
oxidative stability. The results indicated that addition of 
sesame, cottonseed or palmolein increased the stability 
against microwave heating. The highest resistivity in 
terms of primary and secondary oxidation products 
was shown by sesame oil blends and this blend was 
found to be maximum stable, by remarkably increasing 
the induction period followed by RLC and RLP. All 
the sample were stable for 9 min and after that their 
oxidative stability decreased sharply.

KEYWORDS: Multi oil blends, microwave heating, 
antioxidants, oxidative stability, cooking medium, ω –3 
fatty acid, oil stability index (OSI).

INTRODUCTION
 Fats and oils are important part of human diet 
and have highest calorie density. Besides, energy 
value, vegetable oils have nutritional value and health 
benefits due to the presence of some important 
non triacylglycerides as unsaponifiable fraction1. 
The unsaponifiable matter of vegetable oils includes 
micronutrients such as tocopherols, tocotrienols, 
β-carotene, oryzanols, squalene etc., which have been 
reported for health benefits2. No two oil have same 
composition of unsaponifiable and blending ensures, 
the availability of these different unsaponifiables of two 
different oil in a single oil3. Though it is not allowed 
to blend more than two oils in India growing concern 
on goodness of oil in consumers leads the idea to 
prepare multi oil blends to have more and more 

different nutraceuticals in a single pack of oil. The 
blends thus made will be having nutritional components 
and better fatty acid composition in comparison to any 
single oil.

 Rice bran oil (RBO) is  an  unconventional      
oil potentially available in India. The RBO contains         
4 -5% unsaponifiable matters whereas all other major 
commercially available oils have an unsaponifiable 
content less than of 1-2%1. It has very good shelf-life 
compared to other cooking oils because it is rich in 
tocols, gamma oryzanols, phytosterols, phytophenols 
and squalene4. Numerous studies show that the RBO 
reduces bad cholesterol (LDL) without reducing good 
cholesterol (HDL)5-7. Linseed oil is rich in ω –3 fatty 
acids and nutritionally very important for brain and body 
development8,9. But at the same time higher content 
of polyunsaturated fatty acids, make it highly prone 
to oxidation and not suitable for frying practices10. 
Therefore, microwave cooking of food is gaining much 
interest as healthy substitute of frying. 

 The stability of oils during cooking is an important 
measure for ensuring good oils. Lipid oxidation has 
been recognized as the major problem affecting edible 
oils, as it is the cause of deteriorative changes in their 
chemical, sensory and nutritional properties11. The 
products of lipid oxidation are known as health hazards 
since they are associated with aging, membrane 
damage, heart disease and cancer12. Lipids and lipid-
containing foods are sensitive to microwave heating 
and mainly promotes lipid oxidation, and also causes 
lipolysis and polymerization13. 

 This study was done to evaluate stability of three 
oil blends namely rice bran oil, linseed oil and either 
from sesame, cotton seed and palmolein.

MATERIALS AND METHODS
Materials

Refined rice bran oil sample was obtained from 
the M/s Dinesh Oils, Kanpur and refined mustard 
oil and palmolein and cotton seed oil samples were 
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obtained from M/s Kanpur Edibles, Kanpur. Linseed 
oil was purchased from local market of Kanpur. All 
the chemicals and analytical grade solvents were 
from Rankem.

Blend preparation and microwave heating: 200 mL 
quantity of one oil from either of sesame, cottonseed 
and palmolein were mixed with 800mL of rice bran 
oil and linseed oil blends (1:1, v/v) in a beaker by 
continuous stirring through glass rod. These samples 
were subjected to microwave heat for a definite interval 
of time i.e. 0, 3, 6, 9, 12 and 15 min in a microwave 
oven made by Kelvinator; Model no: KM20SL (Input: 
230V-50Hz, Output: 800W-2450MHz), USA. After 
heating, oil samples were filled in amber coloured glass 
bottles in duplicate and stored in incubator at 8+2°C. All 
the experiments were conducted induplicate. A control 
sample of 50:50 blend of rice branoil and linseed oil 
was also prepared and stored under similar conditions.

Analysis of free fatty acids: The free fatty acids (%, w/w) 
of the samples were measured in terms of oleic acid as 
per Indian Standard (IS: 548 Part-I, 1964, Reaffirmed in 
2010) with some modifications in procedure. 5 ± 0.05 g 
of sample was dissolved and shaken in 50 mL hot and 
freshly neutralised mixture of ethanol and isopropanol 
(2:1, v/v).  Then mixture was titrated against potassium 
hydroxide (0.05 N) using 1% (w/v) phenolphthalein 
indicator in rectified sprit. FFA is calculated by the 
following formula;

FFA(s) (%, w/w) = (28.2 x V x C)/W

Where V is the volume in mL of potassium 
hydroxide and C is the normality of potassium 
hydroxide consumed by sample. W is the weight of 
sample taken for testing. 

Analysis of peroxide value (PV): The PV of all the 
samples were measured as per standard procedure 
A.O.A.C. 5 ± 0.005 g of sample were dissolved in 
30 mL of chloroform-glacial acetic acid (3:2 v/v) 
blended solution14. Then after addition of 0.5 mL of 
saturated solution of KI, mixture was shaken for 1 min 
by hand and kept in dark for 1 min. A volume of 30 
mL of distilled water is added to sample mixture and 
titrated against sodium thiosulphate (0.05 M) until the 
yellow colour almost disappeared. The titration was 
further proceeded for disappearance of blue colour 
after addition of 0.5 mL of 1% (w/v) starch indicator 
in distilled water. A blank sample was also tested 
under similar conditions. PV is calculated as follows:

Peroxide Value (meq/kg) = (Vs-Vb) x C x 1000/W

Where Vs (mL) is the volume of sodium thioslulphate 
solution used up by the sample.

Vb (mL) is the volume of the sodium thiosulphate 
solution consumed in the blank determination. C is 
the normality of the sodium thioslulphate solution and 
W (g) is the weight of the sample.

Analysis of p-anisidine value (p-AnV): The p-AnV 
value of samples was determined as per AOCS 
official method15.  0.35 ± 0.005 g of sample is taken 
in 25 mL volumetric flask and diluted with isooctane. 
The absorbance (Ab) of the sample is measured 
with isooctane as reference at 350 nm by double 
beam spectrophotometer made by GBC Scientific 
Equipments, Australia; Model no: Chintra-6. Then 5 
mL of sample and isooctane each is taken into beaker 
and exactly 1 mL p-anisidine solution is added to both. 
Samples were kept in dark for 10 min. And further 
absorbance were taken at 350nm. Following formula 
is used to calculate the desired value:

p-anisidine value = 25 × (1.2As-Ab) /W

Where, As is Absorbance of sample with p-anisidine 
at 350 nm. Ab is Absorbance of sample without 
p-anisidine solution and W (g) is weight of sample 
taken for test.

Measurement of totox value: The Totox value is a 
measure of the total oxidation, including primary and 
secondary oxidation products (Stauffer et al., 1996). 
It is a combination of PV and p-AnV: 

Totox value = 2PV + p-AnV

Measurement of oil stability index (OSI): Before 
microwave heating, all the freshly prepared blended 
samples were analysed for oil stability index on 
Rancimat (Metroham 743, Switzerland) as per AOCS 
Standards16. 3 ± 0.005 gram of sample is taken in 
reaction vessel (same sample is filled in two opposite 
reaction vessel) and measuring vessel was filled with 
60 ml deionised water. The reaction vessels were 
heated to 120°C and conductivity of the water was 
recorded against time. 

Measurement of oxirane index: This value was 
determined as per AOCS Standards. In this method 
0.3 - 0.5 g oxirane oxygen containing sample is 
dissolved in 10mL glacial acetic acid and titrated 
against Hydrogen Bromide (HBr) in presence of 5 
drop of crystal violet indicator prepared by dissolving 
0.1 g of crystal violet in glacial acetic acid. The value 
is calculated by using the following formula: 

Oxirane Index (%, w/w) = (1.6 x V x C)/W

Where V (mL) is the volume and C is molarity of 
hydrogen bromide consumed by sample and W is the 
weight of sample.
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Statistical Analysis: For all experiments two replicates 
samples were used. Each sample was analysed 
induplicate. The results were subjected two ways 
analysis of variance (ANOVA test). Data were expressed 
as mean ± S.D.  ANOVA was implied to evaluate the 
differences between the groups. A difference of p < 0.05 
was considered to be significant. 

RESULTS AND DISCUSSION
Effect on free fatty acids (FFA) : FFA content of 
samples were initially significantly different (Fig. 1). 
Highest increase in FFA found in RLS as heating time 
reached 9 min and after this increment was found 
steady. Stability in terms of FFA was higher for RLP 
and RLC blends. The increase in FFA with heating 
time can be attributed to deterioration of unsaturated 
bonds and partial hydrolysis of triacylglycerides at 
higher temperature in presence of some moisture17. 
Highest percentage change in FFA of blends was 
19.6 % and observed in RL for first heating interval 
of 0 – 3 min followed by 10.7% in RLS for heating 
interval of 6 – 9 min. 

Fig. 1 : Increase in FFA Content with Respect to Heating 
Time

Effect on Peroxide Value: Peroxide value is the primary 
indicator of oxidative changes. At the time of blending 
peroxide value reached to 5-6 (meq/kg). With increase 
in heating time significant growth in Peroxide value 
was found in all the samples (Fig. 2). In first interval 
of heating percentage change in peroxide value was 
81% for RLP but for the same oil it was found to be 
minimum in the heating interval of 6 – 12 min. For 
RLC and RLP percentage change in peroxide value 
was 6% and almost same for heating interval of 9-12 
min. Peroxide value of control sample was highest 
and this may be reflection of highest percentage of 

linseed oil among all the blends18. Oxidative stability 
of RLS was highest in terms of peroxide value. This 
attributes to anti-oxidative effect of minor compounds 
present in sesame oil19. However, there was a sharp 
decrease in value as heating time exceeds to 9 min. 
Such trend often observed that PV first rises, then 
falls as hydroperoxides decompose20.

Fig. 2 : Peroxide Value of Samples against Course of 
Heating

Effect on p- Anisidine Value: The p-anisidine value 
(p-AnV) measures the content of aldehydes (principally 
2-alkenals and 2, 4-alkadienals) generated during the 
decomposition of hydroperoxides21. Initially p-AnV 
of all the samples were less than 2 and increased 
sharply as heating time reaches to 9 min. Increase 
in value was even more after 9 min. Control sample 
show highest sensitivity toward microwave heat (Fig. 
3). This value is minimum for RLS and indicates 
the highest resistivity for oxidative deterioration of 
microwave heating. 

Effect on Totox Value: Totox value measures both 
hydroperoxides and their breakdown products, and 
provides a better estimation of the progressive 
oxidative deterioration of fats and oils20. For first nine 
min of heating, p-AnV of all samples increased in 
almost same fashion, but after 9 min a very sharp 
rise in p- AnV was observed. RLS shown minimum 
increase in p-AnV for the heating time interval of 9 
– 15 min (Fig. 4). 

Effect of Oxirane Index: Oxirane Index is the measure 
of oxirane ring containing compounds developed due to 
oxidation of highly unsaturated fatty acids like linoleic 
and linolenic acids22. Control sample RL has shown 
highest increase in oxirane index where as RLP has 
minimum followed by RSL. Oxirane Index was just 
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doubled to its initial value at end of course of the 
heating (Fig 5). Highest value of RL attributes the 
high content linolenic acid that gets cyclised during 
different stages of oxidation.

Effect on oil Stability Index: The oil stability index (OSI) 
method measures the formation of volatile acids by 
monitoring the change in electrical conductivity when 
effluent from oxidizing oils is passed through water23. 
It is found that induction period of RL was lowest and 
have minimum oxidative stability. Oxidative stability of 
RLS was found to be maximum among all the tri oil 
blends (Fig. 6). 

Fig. 5 :  Change in Oxirane Content with Duration of 
Heating

Fig. 6 : Oil Stability Index (Induction Period) of all the 
Fresh Blends

CONCLUSION
The oxidative stability of RLS is highest against 

microwave heating among all the samples. This may 
be attributed to the fact that rice bran and sesame 
oils are rich in anti-oxidants and they provide stability 
to the oils mixture of RLS which also contains ω-3 
and ω-6 fatty acids providing nutraceutical value to 
the oil. RLP and RLC blends were found to be less 
stable in comparison to RLS, this may be attributed 
to relatively much lower amount of antioxidant present 
in these blends in comparison to sesame oil. These 
microwave treated oil blends were found to be as stable 
as other multi oil blends studied for storage stability24. 
Linseed oil is rich in ω-3 acids, but generally not 
preferred for frying because of their high susceptibility 
towards oxidation. Cottonseed and palmolein contain 
higher amount of saturated fatty acids and rice bran 
oil contains natural antioxidants as well as sesame. 
These blends can be used as cooking medium in 
microwave heating.

Fig. 3 : Variation of p-Anisidine Value Against Course 
of Heating

Fig. 4 : Variation of Totox Value with Heating Time
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Soybean lecithin as a dispersant for crude 
oil spills

The toxicity of oil spill dispersants to marine 
organisms has necessitated the search for alternative 
dispersant formulations that are environmentally 
benign. Soybean lecithin, a well-known surface active 
agent in the food industry, is effective at stabilizing 
oil-in-water emulsions. In addition to its excellent 
emulsification properties, it is biodegradable, less 
toxic than the traditional chemical dispersants, and 
ecologically acceptable  . In this study, soybean lecithin 
was used by Emmanuel Nyankson et al  to formulate 
dispersants for crude oil spill application. Soybean 
lecithin was fractionated into phosphatidylinositol 
(PI) and phosphatidylcholine (PC) enriched fractions 
using ethanol [ACS Sustainable Chem. Eng, 3 , pp 
920–931, (2015)]. The fractionated PI was deoiled 
and characterized with Fourier transform infrared 
spectroscopy (FT-IR). The crude soybean lecithin (CL) 
and the fractionated PI and PC were solubilized in 
water and their dispersion effectiveness determined 
using the U.S. EPA’s baffled flask test. The dispersion 
effectiveness of these solubilized dispersants was 
compared with that of solid crude lecithin (SL). The 
dispersion effectiveness of PC was found to be higher 
than those of SL, CL, and PI at all the surfactant-to-oil 
ratios (SORs) tested. However, when the fractionated 
PI was modified or “functionalized” (FPI) with additional 
hydroxyl groups to alter the hydrophilic–lipophilic 
balance (HLB), its dispersion effectiveness improved 
remarkably and was higher than that of PC. At higher 
SORs (>28 mg/g), the dispersion effectiveness of FPI 
was slightly higher than that of solubilized DOSS 
and Tween 80 in propylene glycol. The dispersion 
effectiveness of PC and FPI on Texas (TC) and light 
crude (LC) oil samples were almost the same. PC 
and FPI performed better at the higher salinity of 3.5 
wt % than the lower salinities of 0.8 and 1.5 wt %. 
The findings from this study suggest that dispersants 
formulated from fractionated PI and PC have the 
potential to replace traditional dispersant formulations.

Copolyesters from soybean oil for use as 
resorbable biomaterials

A family of soybean oil (SO) based biodegradable 
cross-linked copolyesters sourced from renewable 
resources was developed for use as resorbable 
biomaterials. The polyesters were prepared by 

Elayaraja Kolanthai et al  a melt condensation of 
epoxidized soybean oil polyol and sebacic acid with 
citric acid (CA) as a cross-linker. D-Mannitol (M) was 
added as an additional reactant to improve mechanical 
properties [ACS Sustainable Chem. Eng,  3, pp 
880–891, (2015)] . Differential scanning calorimetry 
revealed that the polyester synthesized using only 
CA as the cross-linker was semicrystalline and 
elastomeric at physiological temperature. The polymers 
were hydrophobic in nature. The water wettability, 
elongation at break and the degradation rate of the 
polyesters decreased with increase in M content or 
curing time. Modeling of release kinetics of dyes 
showed a diffusion controlled mechanism underlies 
the observed sustained release from these polymers. 
The polyesters supported attachment and proliferation 
of human stem cells and were thus cytocompatible. 
Porous scaffolds induced osteogenic differentiation of 
the stem cells suggesting that these polymers are well 
suited for bone tissue engineering. Thus, this family 
of polyesters offers a low cost and green alternative 
as biocompatible, bioresobable polymers for potential 
use as resorbable biomaterials for tissue engineering 
and controlled release.

Kinetic study of pyrolysis of castor beans 
(ricinus communis l.) presscake: an alternative 
use for solid waste arising from the biodiesel 
production

Nadiene A. V. Santos et al investigated the 
effects of temperature and of rate of heating on 
the kinetic parameters of pyrolysis of castor beans 
presscake, a byproduct generated in the biodiesel 
production process [Energy Fuels, 29 , pp 2351–
2357, (2015)]. Pyrolysis process was investigated 
by thermogravimetric analysis, and parameters 
were obtained from nonisothermal experiments. 
The results obtained from the process of thermal 
decomposition indicated the elimination of humidity 
and the decomposition of organic components of the 
biomass. DTG curves showed that the heating rate 
affects the temperature of maximum decomposition 
of the material. Kinetic parameters such as activation 
energy and pre-exponential factor were obtained 
by model-free methods proposed by Flynn–Wall–
Ozawa (FWO), Kissinger–Akahira–Sunose (KAS), 
and Kissinger. Experimental results showed that 
the kinetic parameters values of the FWO and KAS 

News Section
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methods display good agreement and can be used to 
understand the mechanism of degradation of the cake. 
In a generalized way, the results contribute to better 
understanding of the processes of biomass pyrolysis.

Bio-based polyurethane foam made from 
compatible blends of vegetable-oil-based 
polyol and petroleum-based polyol

The Hansen solubility parameters of a soy-castor 
oil-based polyol and a petroleum-based polyol are 
investigated by  Chaoqun Zhang and Michael R. 
Kessler to evaluate their miscibility for polyurethane 
blends [ACS Sustainable Chem. Eng, 3, pp 743–749, 
(2015)]. The two polyols were found to be miscible 
at different ratios over a temperature range from 25 
to 90 °C. Blends with different ratios of these two 
polyols were used to prepare polyurethane foams. 
With increasing levels of bio-based polyol content, 
the density of the open cell foams increased. The 
thermal stability of the polyurethane foams improved, 
and their thermal conductivity increased, with 
increasing bio-content, while the foam’s compression 
strength decreased. This study provides a method to 
evaluate polyol blends for the preparation of polymeric 
materials that balances economic and environmental 
considerations.

Recovery potential of cold press byproducts 
obtained from the edible oil  industry: 
physicochemical, bioactive, and antimicrobial 
properties

Physicochemical, bioactive, and antimicrobial 
properties of different cold press edible oil byproducts 
(almond (AOB), walnut (WOB), pomegranate (POB), 
and grape (GOB)) were investigated by Safa Karaman 
et al. Oil, protein, and crude fiber content of the 
byproducts were found between 4.82 and 12.57%, 
between 9.38 and 49.05%, and between 5.87 and 
45.83%, respectively. GOB had very high crude fiber 
content; therefore, it may have potential for use as a 
new dietary fiber source in the food industry. As GOB, 
POB, and WOB oils were rich in polyunsaturated fatty 
acids, AOB was rich in monounsaturated fatty acids 
[J. Agric. Food Chem , 63, pp 2305–2313, (2015)]. 
Oil byproducts were also found to be rich in dietary 
mineral contents, especially potassium, calcium, 
phosphorus, and magnesium. WOB had highest 
total phenolic (802 ppm), flavonoid (216 ppm), and 
total hydrolyzed tannin (2185 ppm) contents among 
the other byproducts. Volatile compounds of all the 
byproducts are mainly composed of terpenes in 
concentration of approximately 95%. Limonene was the 
dominant volatile compound in all of the byproducts. 
Almond and pomegranate byproduct extracts showed 

antibacterial activity depending on their concentration, 
whereas those of walnut and grape byproducts showed 
no antibacterial activity against any pathogenic bacteria 
tested. According to the results of the present study, 
walnut, almond, pomegranate, and grape seed oil 
byproducts possess valuable properties that can be 
taken into consideration for improvement of nutritional 
and functional properties of many food products.

Formation and characterization of fully 
dilutable microemulsion with fatty acid methyl 
esters as oil phase

The objective of this study  by Wanxu Wang 
et al was to develop a green microemulsion with 
potential applications in the delivery system for oil-
soluble solid active ingredients. A microemulsion was 
prepared using fatty acid methyl esters (FAMEs) as the 
oil phase, a mixture of alkyl polyglycoside (APG) and 
alkylpolyethoxy carboxylates (AEC) as the surfactant, 
and alkanol as a cosurfactant [ACS Sustainable 
Chem. Eng, 3, pp 443–450,(2015)] . The feasibility 
of formulating a fully water dilutable microemulsion 
with a green surfactant and nontoxic oil phase has 
been demonstrated. Pseudoternary phase diagrams 
were constructed by titration, and a large isotropic 
region was found. To expand the isotropic regions 
area, the effect of the mixing ratio of APG and AEC, 
the chain length of the cosurfactant and the oil on the 
isotropic area of the phase diagram were investigated 
systematically. As the water content increased, the 
continuous structural transition from water-in-oil, 
bicontinuous to oil-in-water microemulsion was followed 
by monitoring conductivity. Percolation phenomena 
were observed during this process. Based on the 
phase behavior study, the optimum formulations were 
chosen from isotropic regions with a minimum amount 
of surfactants, which were able to be fully diluted 
with water. The dilute microemulsion was studied by 
dynamic light scattering (DLS), dynamic contact angle 
and dynamic surface tension. The DLS result revealed 
that the main destabilization mechanism for these dilute 
microemulsion was Ostwald ripening at the beginning 
of the dilution process. Dynamic contact angle and 
dynamic surface tension results demonstrated the 
dilute microemulsion exhibited excellent wetting and 
spreading properties on hydrophobic surfaces.

Phase behavior of castor oil-based ionic 
liquid microemulsions: effects of ionic liquids, 
surfactants, and cosurfactants

Castor oil-based ionic liquid microemulsions are 
promising alternatives for petroleum-based biolubricant 
basestocks. Aili Wang et al present the phase 
behavior of castor oil-based ionic liquid microemulsions 



January - March 2015 25 JLST Vol. 47 No. 1

News Section
through phase manifestation, and the areas of the 
single-phase domain (SME) were calculated accordingly 
to further illustrate the phase-forming capacities of 
the designed microemulsions [J. Chem. Eng. Data, 
60, pp 519–524,(2015)]. The results indicated that 
the phase-forming capacities of castor oil-based ionic 
liquid microemulsions depended largely on the ionic 
liquid ions, surfactant types, and cosurfactant chain 
lengths. The SME of different anion-based ionic liquid 
microemulsions showed the following sequences: 
[BMIM][Tf2N]-based > [BMIM][PF6]-based > [BMIM]
[BF4]-based. The longer carbon chain of ionic liquid 
cations in single surfactant-based systems and the 
larger percentage of ionic liquid-based surfactant in 
mixed surfactants-based systems both gave rise to 
the phase-forming capacities of castor oil-based ionic 
liquid microemulsions. Given the presence of ionic 
liquid–castor oil amphiphilic balance in the designed 
systems, the castor oil–surfactant micelles achieved 
maximum solubilization capacity for [BMIM][BF4] when 
the ethoxylated groups’ number of surfactant was 
about eight in single surfactant microemulsion. In 
addition, n-hexanol donated a higher phase-forming 
capacity than n-butanol, while n-octanol brought about 
a different phase behavior due to the spontaneous 
curvature effect and oil nature of long-chain alcohols (C 
≥ 7) in the castor-oil based ionic liquid microemulsions. 
Thus, this study presented useful information for 
formulating optimum castor oil-based ionic liquid 
microemulsion biolubricants based on different ionic 
liquids, surfactants, and cosurfactants, which were not 
evaluated in previous research.

Synthesis of structured lipids by enzymatic 
interesterification of milkfat and soybean oil 
in a basket-type stirred tank reactor

 Lipase from Rhizopus oryzae immobilized on 
polysiloxane–poly(vinyl alcohol) (SiO2–PVA) was used 
by Ariela V. Paula et al to study the interesterification 
reaction of the milkfat with soybean oil in a stirred tank 
reactor (STR) containing baskets for the immobilized 
enzyme retention in two different configurations: 
central or lateral [Ind. Eng. Chem. Res, 54 , pp 
1731–173,(2015)]. The progress of the reaction was 
followed by determining free fatty acids, composition 
in triacylglycerols (TAGs), and consistency. The central 
basket was chosen for assessing the biocatalyst 
operational stability by running 10 consecutive batch 
assays lasting 6 h each. Non-notable deactivation 
of the biocatalyst was observed during the total 
operation time (60 h). The potential of the evaluated 
system to make the milkfat-based fat more spreadable 
under cooling temperature and with lower saturated 
fatty acids content was demonstrated in this study. 

Both evaluated basket reactor designs have shown 
potential to be used in interesterification reactions of 
industrial interest.

Effects of palm–coconut biodiesel blends on 
the performance and emission of a single-
cylinder diesel engine

This study by M. Habibullah et al aims to 
investigate the effects of palm or coconut biodiesel 
blend and their combination on the performance and 
emissions of a single-cylinder diesel engine. A 20% v/v 
blend of palm biodiesel (PB20) or coconut biodiesel 
(CB20) and varying percentage mixtures of these two 
feedstocks (PB15CB5, PB10CB10, and PB5CB15) 
were used in the experiments [Energy Fuels, , 29, 
pp 734–743, (2015)]. Biodiesel was produced using 
one-step transesterification. Physicochemical analysis 
showed that both palm and coconut biodiesel met the 
specifications of ASTM D6751. A 10 kW, horizontal, 
one-cylinder, four-stroke direct injection diesel engine 
was used to carry out tests under full load conditions 
at varying speeds from 1400 to 2400 rpm with an 
interval of 200 rpm. Burning of CB20 reduced break 
power by 1.72% and increased brake-specific fuel 
consumption (BSFC) and NOx emission by 4.07% 
and 4.49%, respectively. Conversely, burning of PB20 
negligibly reduced brake power and increased NOx 
emission by only 1.79%. Meanwhile, combined palm–
coconut biodiesel at a constant final blend reduced 
NOx emission by 0.54% to 1.85% and slightly improved 
brake power and BSFC. Thus, the advantages of the 
high cetane number of coconut and the high ignition 
quality of palm biodiesel were aggregated in the 
combined blends.

Basic ionic liquid supported on mesoporous 
sba-15 silica as an efficient heterogeneous 
catalyst for biodiesel production

In the present study, SBA-15 silica-supported 
basic ionic liquid was prepared by Wenlei Xie et al  
through grafting of 4-butyl-1,2,4-triazolium hydroxide 
onto SBA-15 silica using 3-chloropropyltriethoxysilane 
as a coupling reagent [Ind. Eng. Chem. Res, 54, 
pp 1505–1512, (2015)]. The structural properties 
of the prepared catalysts were investigated by a 
series of techniques, such as Hammett titration 
method, elemental analysis, small angle XRD, FT-
IR, SEM, TEM, and N2 adsorption–desorption. The 
characterization results demonstrated that the ionic 
liquid was successfully tethered on the SBA-15 
support, and the hexagonally ordered mesoporous 
structure of SBA-15 silica was well retained even after 
the chemical grafting reaction. The so-obtained solid 
catalyst showed excellent catalytic activities toward 
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the transesterification of soybean oil with methanol 
to produce biodiesel in a heterogeneous manner. The 
influences of various transesterification parameters 
such as the subtract ratio, reaction time, catalyst 
amount, and catalyst reusability on the oil conversion 
to methyl esters were investigated systematically. 
Using this solid catalyst for the transesterification 
reaction, the high conversion of 95.4% was achieved 
at reflux of methanol for 8 h when the methanol/oil 
molar ratio of 20:1 and catalyst loading of 7 wt % 
were employed. Moreover, the solid catalyst could be 
recycled for four cycles without significant degradation 
of catalytic activity

Viscosities of fatty acid methyl and ethyl 
esters under high pressure: methyl caprate 
and ethyl caprate

Matthieu Habrioux et al report high pressure 
data of the viscosity of methyl caprate (C11H22O2) 
and ethyl caprate (C12H24O2 ) [J. Chem. Eng. Data , 
60 , pp 902–908 (2015)]. The measurements cover 
the temperature range from (293.15 to 353.15) K, 
from atmospheric pressure up to 200 MPa and were 
carried out by two different methods. One is based 
on a falling-body viscometer, whereas the other rests 
on a quartz crystal resonator technique. Based on the 
two sets of data, high pressure viscosity correlations 
are proposed to correlate within the experimental 
uncertainty the viscosity values as a function of 
temperature and pressure. Finally, a thermodynamic 
scaling method was used to describe the viscosity in 
terms of density and temperature.

Construction of skeletal oxidation mechanisms 
for the saturated fatty acid methyl esters from 
methyl butanoate to methyl palmitate

A series of skeletal oxidation mechanisms 
for the saturated fatty acid methyl esters (FAMEs) 
from methyl butanoate to methyl palmitate were 
developed by Yachao Chang et al on the basis of 
a decoupling methodology with special emphasis 
on engine-relevant conditions from low to high 
temperatures at high pressures [Energy Fuels, 29, 
pp 1076–1089, (2015)]. When detailed H2/CO/C1, 
reduced C2–C3, and skeletal C4–Cn submechanisms 
are introduced, the final mechanism consists of 42 
species and around 135 reactions for each methyl 
ester . Both the high-temperature reactions of the 
methyl ester moiety and the low-temperature reactions 
of the aliphatic chain of the ester are included in the 
mechanism. The skeletal mechanisms were verified 
against experimental data in shock tubes, jet-stirred 

reactors, flow reactors, and premixed and opposite 
flames over the temperatures from 500 to 1700 K 
at pressures of 1–50 atm from fuel-lean to fuel-rich 
mixtures. An overall satisfactory agreement between 
the measurements and computational results was 
achieved for all of the saturated methyl esters, 
especially for the large saturated methyl esters with 
a long aliphatic main chain. The results also indicate 
that the ignition delay time and the consumption of 
reactants could be reproduced by employing a skeletal 
C4–Cn submechanism reasonably well. In addition, the 
evolution of major products and flame propagation and 
extinction characteristics were satisfactorily reproduced 
because the detailed H2/CO/C1 mechanism was used. 
The compact size makes it easy to integrate the 
mechanism into multi-dimensional computational fluid 
dynamics (CFD) simulation.

Effect of palladium surface structure on 
the hydrodeoxygenation of propanoic acid: 
identification of active sites

The effect of palladium surface structure on 
the hydrodeoxygenation of propanoic acid has been 
investigated by Sina Behtash et al by studying the 
mechanism over Pd(111) and Pd(211) model surfaces 
[J. Phys. Chem. C, 119, pp 1928–1942 (2015)] . We 
developed a microkinetic model based on parameters 
obtained from density functional theory and harmonic 
transition state theory and studied the reaction 
mechanism at a characteristic experimental reaction 
temperature of 473 K. The activity of active sites on 
flat surface models was found to be 3–8 times higher 
than the activity of stepped surface models, suggesting 
that the hydrodeoxygenation of propanoic acid over 
a palladium catalyst is not very sensitive to surface 
structure. Very good agreement between computations 
and experiments could be obtained for our Pd(111) 
model if we include dispersion interactions between the 
gas species and the metal surface approximately by 
using the PBE-D3 functional for adsorption/desorption 
processes. Our model calculations predict that on both 
stepped and flat surfaces, the dominant deoxygenation 
mechanism proceeds by a decarbonylation pathway; 
however, on stepped surface models, decarboxylation 
and decarbonylation are essentially competitive. A 
sensitivity analysis of our models suggests that C–OH 
and C–H bond cleavages control the overall rate over 
both Pd(111) and (211) catalyst surface models. In 
addition, on Pd(211) the C–C bond dissociation of 
propionate to CH3CH2 and CO2, a key step in the 
decarboxylation mechanism, is also partially rate 
controlling.
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Liquid–liquid equilibrium for cottonseed 
biodiesel + water + alcohol (methanol/ethanol) 
systems at (293.15 and 313.15) k: experimental 
data and thermodynamic modeling

During the biodiesel production process, 
generally, two purification steps are performed. The 
first is a settling process in order to remove the main 
byproduct (glycerol). Nevertheless, this simple stage 
is insufficient to achieve purity levels required for 
commercial specifications. Second, a water washing 
is used to remove an excess of alcohol and other 
contaminants. Given the importance of equilibrium 
data for operation and optimization for liquid–liquid 
extraction unit operation, the study of liquid–liquid 
equilibrium (LLE) for methylic cottonseed biodiesel + 
methanol + water and ethylic cottonseed biodiesel + 
ethanol + water systems are studied by Aline M. Maia 
Bessa et al at (293.15 and 313.15) K at atmospheric 
pressure [J. Chem. Eng. Data, 60, pp 707–713,(2015)] 
. LLE data have been quantified by intermediate of 
two different techniques (titration and densimetric). 
From these experimental data, distribution coefficients 
and selectivity have been calculated. As expected, a 
good extraction capacity of water to remove alcohol 
has been observed. The reliability of the experimental 
data has been verified by the correlation proposed 
by Othmer–Tobias. In order to describe the LLE for 
the experimental systems studied, three predictive 
thermodynamic models were used, as follows: UNIFAC, 
UNIFAC-LLE, and UNIFAC-Dortmund. A root-mean-
square deviation (RMSD) has been used as the 
statistical parameter, and it shows the follow deviations: 
3.27 %, 3.62 %, and 4.00 % for the models UNIFAC, 
UNIFAC-Dortmund, and UNIFAC-LLE, respectively. 
Therefore, best representation of the LLE systems 
followed the order: UNIFAC > UNIFAC-Dortmund > 
UNIFAC-LLE.

Assessing the potential of algal biomass 
opportunities for bioenergy industry: A review

In many developed and developing countries, 
algal biomass is no doubt considered a significant 
source of energy to be used for local industry and 
transportation but the fact remains that the information 
on current utilization of algal biomass is still estimated 
and partial. Much more information will have to be 
gathered on the use and availability of algal biomass; 
particularly the limitations of first and second generation 
biofuel have given rise to the current interest in algae 
as a promising alternative to these conventional biofuel 
sources. It is therefore in this context that the present 
communication focuses its efforts to have region 
based database able to provide information on specific 
biomass production, their utilization with the respect to 

sectors like region, industries, transportation, etc., also 
taking into consideration the strong need for research 
on third generation biofuel production. In the present 
review, a comprehensive survey on algal biomass 
resource for future, is addressed. Kifayat Ullah et 
al [Fuel, 143, 2015, 414-423, (2015)]

Prospect of biofuels as an alternative transport 
fuel in Australia 

The prospect of biofuels as a transport alternative 
fuel in Australia is reviewed and discussed in this 
paper A.K. Azad et al. The Australian transport sector 
is the second largest energy consuming sector which 
consumes about 24% of total energy consumption. A 
part of this energy demand can be met by ecofriendly 
biofuels [Renewable and Sustainable Energy 
Reviews,  43,  331-3512015)]. A wide array of 
different biofuels feedstocks including Australian native 
species, their distributions, oil content, traditional uses 
are reviewed and listed in the descending order of 
their oil content. The world biofuel scenario as well 
as the 20 largest biofuel production countries and 
their mandates on biofuels blending with petroleum 
diesel are presented. Australia’s biofuel production, 
consumption, production facilities and future investment 
projects are also reviewed and discussed. The study 
developed a biofuel supply chain for Australia and 
found that the second generation biofuels have 
better prospects as a future alternative transport fuel 
in Australia. These biofuel feedstocks are readily 
available and can overcome the shortcomings of the 
first generation biofuels, such as socio-economic, 
environmental and food versus land use challenges. 
Although some research is in progress, further study 
is needed on the process development of second 
generation biofuel production at commercial scale in 
Australia and abroad.

Storage stability of Jatropha curcas L. oil 
naturally rich in gamma-tocopherol

Jatropha curcas L. is an interesting tropical 
oil crop for biodiesel production. However, seed 
conservation until oil extraction may be a problem 
under high temperature and humidity. In this study 
Joana Rodrigues et al  studied Jatropha curcas L. 
seeds grown in Mozambique and presenting 160 mg/
kg of gamma-tocopherol in their oil were stored for 
42 days, in dark, at 35 °C and 75% or 92% relative 
humidity (RH). Along storage, the oil was extracted and 
analysed in terms of fatty acid composition, tocopherol 
content, acidity, initial and final oxidation products 
(monitored by K232 and K270 values, respectively). 
[ndustrial Crops and Products, 64, 188-193 (2015)].
Jatropha seeds presented an initial water content of 
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8.4% and an oil content of 45.7% (dry basis). The oil 
was rich in oleic (41.2%) and linoleic (38.8%) acids. 
Along 42 days of storage, the acidity increased from 
0.8% to 7.4% and 25.3% and K270 increased from 
0.07 to 0.25 and 0.46 in oils from seeds stored at 
75% and 92% RH, respectively. Simultaneously, a 
decrease in gamma-tocopherol content was observed, 
which was more pronounced at 92% RH than at 75% 
RH (96% decrease versus 57% decrease). Gamma-
tocopherol showed to protect the oil against oxidation 
principally during the second stage of oxidation. During 
the storage at 35 °C, the fatty acid composition of the 
oils from seeds kept either at 75% or 92% of humidity, 
did not significantly vary throughout the test.

Supercritical fluid extraction of oil from 
muskmelon (Cucumis melo) seeds

The objective of this present study by Prakash 
Maran and B. Priya was to develop a suitable 
supercritical fluid extraction (SFE) method for extraction 
of oil from muskmelon seed (Cucumis melo) [Journal 
of the Taiwan Institute of Chemical Engineers, 
47, 71-78 (2015)]. A Box–Behnken response surface 
design was applied to investigate and optimize the 
process variables (pressure, temperature, CO2 flow 
rate and time) on the yield of muskmelon seed oil. 
A second-order polynomial equation was developed 
to express the oil yield as a function of independent 
variables. The maximum oil yield (48.11%) was 
procured when SFE was carried out at 44 MPa of 
pressure, 49 °C of temperature, 0.64 g/min of CO2 
flow rate and 81 min of extraction time. The total yield 
and fatty acids composition of muskmelon seed oil 
extracted by SFE was similar to that of oil extracted 
by Soxhlet extraction. Physicochemical properties 
of the oil at optimal SFE condition showed that the 
extracted oil could be adopted as food oil supplement. 
The experimental results indicated that SFE technique 
reduced the solvent consumption and extraction time 
with no adverse effect on the extraction yield and fatty 
acid composition of the oil.

Studies on the physicochemical characteristics 
of oil extracted from gamma irradiated 
pistachio (Pistacia vera L.)

Mahfouz Al-Bachir evaluated the quality of 
pistachio oil, as a function of irradiation, to determine 
the dose level causing undesirable changes to 
pistachio oil. Physicochemical fatty acid composition, 
acidity value, peroxide value, iodine value specification 
number, thiobarbituric acid (TBA) value and colour 
of pistachio oil extracted from samples treated with 
0, 1, 2 and 3 kGy doses of gamma irradiation were 
determined [Food Chemistry, 167, Pages 175-179, 

(2015)]. Gamma irradiation caused the alteration of 
fatty acids of pistachio oil which showed a decrease 
in oleic acid (C18:1) and an increase in linoleic acid 
(C18:2). All other fatty acids remained unaffected 
after irradiation. The higher used doses (2 and 3 kGy) 
decreased acidity value, peroxide value and iodine 
value, and increased specification number, with no 
effect on TBA value. Irradiation had a significant effect 
on colour values of pistachio oil. Parameters L∗, a∗ 
and b∗ increased at doses of 1 and 2 kg

Extraction of tocopherol-enriched oils from 
Quinoa seeds by supercritical fluid extraction 

The efficiency of supercritical fluid extraction 
(SFE) in the production of oil with a high concentration 
of tocopherols (vitamin E), from seeds of Quinoa 
(Chenopodium Quinoa Willd.), was investigated by 
Katarzyna Przygoda et al. The effect of the process 
parameters such as pressure, temperature and time 
of extraction on the total tocopherol yield was studied 
[Industrial Crops and Products  63,  41–47, (2015)]. 
For this purpose, the response surface methodology 
(RSM) was applied. The optimal SFE conditions for 
the tocopherol-enriched oil extraction from Quinoa 
seeds were: extracting pressure 18.5 MPa, extracting 
temperature 130 °C and extracting time 180 min. These 
optimum conditions yielded in tocopherol concentration 
of 336.0 mg/100 g of oil and tocopherols were more 
than four times concentrated than in classical hexane 
extraction.

Oxidative stability of walnut (Juglans regia 
L.) and chia (Salvia hispanica L.) oils 
microencapsulated by spray drying.

M.L. Martínez et alAuthor Vitae,primarily aimed 
to evaluate the use of maltodextrin in combination 
with hydroxypropyl methylcellulose as wall materials 
for microencapsulation of both walnut and chia oils 
by spray drying [Powder Technology,  270, Part A,  
271–277, (2015)]. The effect of rosemary extract on 
the oxidative stability of the microencapsulated oils 
was examined under prolonged storage conditions. 
After a 45-day storage, the microencapsulated chia 
oil with rosemary extract showed lower formation 
of primary oxidation compounds than the control 
without additives, highlighting a protective effect of the 
antioxidant. Nevertheless, during the entire storage 
period the unencapsulated chia oil reported lower 
oxidative damage than their encapsulated counterparts, 
showing that the spray drying process affected its 
stability negatively. Walnut oil microencapsulation 
protected the oil from oxidation in comparison with 
its unencapsulated counterpart which was further 
apparent from the 30th day of storage. The addition 
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of 1600 ppm of rosemary extract effectively protected 
microencapsulated walnut oil, showing – throughout 
the storage period – lower oxidation values in 
comparison with its analogous unencapsulated oil. The 
microcapsule surface oil and the images obtained by 
scanning electron microscopy at the beginning and at 
the end of the assay showed that the wall material 
has not been altered during storage

Modeling vapor pressure of fatty acid and 
fatty acid methyl esters using cubic equations 
of state

Biodiesel is one of the most promising alternates 
to fossil fuels. Production process of biodiesel requires 
separation of fatty acids (FAs) and their esters from 
the other products and reactants. This requires the 
phase equilibrium studies of the FA and their esters. 
For phase equilibrium study through equation of 
state (EOS), accurate prediction of vapor pressure is 
necessary. It was shown that most of the predictive 
methods fail to estimate acceptable values of vapor 
pressure. Peng–Robinson EOS was used by M. H. 
Joshipura and R. J. Patel in the present study to 
predict the vapor pressure. Proper values of critical 
properties are required for accurate prediction of vapor 
pressure through cubic EOS [Asia-Pacific Journal of 
Chemical Engineering,10,  170–177, (2015)]. Obtaining 
experimental critical properties of FAs and their ester 
are difficult. Ten methods for the prediction of critical 
properties were compared, and suitable methods for 
FA, FAME, and their mixtures were proposed. For 
accurate prediction of vapor pressure using cubic 
EOS, one requires suitable cohesion factor model. 
Predictive cohesion factor models did not perform well; 
hence, four compound-specific cohesion factor models 
were compared. Constants for all the four models for 
the compound considered were presented, and the 
models were compared for the accurate prediction of 
vapor pressure. It was observed that modified Trebble–
Bishnoi type of cohesion factor model outperformed 
other models. Boiling points for pure FA and FAME 
were obtained with these four models. Prediction of 
boiling points for real-world biodiesel was also carried 
out. Modified Trebble–Bishnoi type model was found 
to be suitable for predictions of boiling points as well

Synthesis and refining of sunflower biodiesel 
in a cascade of continuous centrifugal 
contactor separators

The synthesis of fatty acid methyl esters (FAME) 
from sunflower oil and methanol was studied by 
Muhammad Yusuf Abduh et al  in a continuous 
centrifugal contactor separator (CCCS) using sodium 
methoxide as the catalyst European Journal of Lipid 

Science and Technology [Special Issue: Fats and Oils 
as Renewable Feedstock for the Chemical Industry, 
242–254, (2015)]. The effect of relevant process 
variables like oil and methanol flow rate, rotational 
speed and catalyst concentration was investigated and 
modelled using non-linear regression. Good agreement 
between experiments and model were obtained. 
At optimised conditions (oil flow rate of 31 mL/min, 
rotational speed of 34 Hz, catalyst concentration of 
1.2%w/w and a methanol flow rate of 10 mL/min), the 
FAME yield was 94 mol% at a productivity of 2470 kg 
FAME/m3

reactor.h. Proof of principle for the synthesis and 
subsequent refining of FAME in a cascade of two 
CCCS devices was also obtained. Relevant properties 
of the refined FAME obtained using this technology 
were determined and were shown to meet the ASTM 
specifications

Preparation of highly purified pinolenic 
acid from pine nut oil using a combination of 
enzymatic esterification and urea complexation

 Pinolenic acid (PLA) is a polyunsaturated 
fatty acid of plant origin. PLA has been successfully 
enriched by Da Som No et al  according to a two-
step process involving lipase-catalysed esterification 
and urea complexation [Food Chemistry,  170,  
386-393 , (2015)]. For the first step, the fatty acids 
present in pine nut oil were selectively esterified with 
lauryl alcohol using Candida rugosa lipase. Under the 
optimum conditions of 0.1% enzyme loading, 10% 
additional water, and 15 °C, PLA was enriched up 
to 43 mol% from an initial value of 13 mol% in the 
pine nut oil. For the second step, the PLA-enriched 
fraction from the first step was subjected to a urea 
complexation process. In this way, PLA enrichments 
with purities greater than 95 mol% were obtained at 
urea to fatty acid ratios greater than 3:1 (wt/wt), and 
100% pure PLA was produced at a urea to fatty acid 
ratio of 5:1 with an 8.7 mol% yield.

Direct detection of free fatty acids in edible 
oils using supercritical fluid chromatography 
coupled with mass spectrometry

Determination of free fatty acids (FFAs) in food 
products is of enormous interest mainly because 
they are related to the quality and authenticity of the 
oils. In this study, supercritical fluid chromatography 
(SFC), followed by an electrospray ionisation triple–
quadrupole mass spectrometry (ESI-MS), is shown to 
provide a novel method by  Shuping Qu et al  for 
the separation and detection of FFAs in edible oils 
without any pretreatment [Food Chemistry,  170,  
463-469, (2015)]. Eight FFAs were separated on a 
HSS C18 SB column with gradient elution within 
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3 min. Effects of different columns, modifiers and 
column temperature changes were evaluated. The 
results indicated the feasibility of this method for 
the high-throughput determination of individual FFAs 
with satisfactory correlation coefficients (R2 > 0.994) 
and good reproducibility of RSD < 13.5% (intraday) 
and <15.0% (interday). By combined with principal 
component analysis (PCA), different types of edible oil 
were successfully distinguished into several categories, 
showing a potential application for the determination 
of oil quality or authenticity.

A comparative study of the production of 
esters from Jatropha oil using different 
short-chain alcohols: Optimization and 
characterization

Due to the fact that n-butanol can be obtained 
from renewable biomass, a factorial design of 
experiments and a central composite design have 
been used by Marcos Sánchez et al to optimize 
the transesterification reaction of esterified oil from 
Crude Jatropha Curcas Oil (CJCO), choosing 1-butanol 
as reactive [Fuel,  143,  183-188, (2015)]. The chosen 
response was the Fatty Acid Butyl Ester (FABE) yield 
while the studied variables were the temperature 
and the potassium methoxide concentration, which 
both have significance in the process. The FABE 
yield is augmented by increasing the temperature 
and the concentration of potassium methoxide in the 
transesterification reaction. Also, the transesterification 
reaction of CJCO was studied with four short-chain 
alcohols (methanol, ethanol, 2-propanol and n-butanol) 
at different temperatures (45–60 °C) and potassium 
methoxide concentrations (0.5–1 wt%). Finally, the 
transesterification reaction was carried out with 
methanol, ethanol, 2-propanol and 1-butanol and 
the most important properties fixed in the UNE-EN 
Standard were measured for each obtained biodiesel.

Synthesis of soybean oil-based polymer 
lattices via emulsion polymerization process

Gabriella Ribeiro Ferreira et al present 
experimental results on the synthesis of soybean 
oil-based polymers through emulsion polymerization 
process [Industrial Crops and Products,  65,  14-
20, (2015)] . It was shown that polymeric materials 
can be successfully synthesized with high monomers 
conversion close to 100% and very high stability, 
displaying relatively high shelf-life time. Polymeric 
nanoparticles showing narrow particle size distribution, 
with average diameter around 80 nm (PdI = 0.213), 

determined via dynamic light scattering measurements 
were obtained. It was also observed by calorimetric 
analysis, that the final polymeric material presents 
two exothermic transitions and two glass transition 
temperatures. This complex thermal behavior probably 
takes place due to the nature of the monomeric 
mixture (AFFAM—acrylated linolenic, linoleic, and 
oleic acids in combination with methyl methacrylate), 
indicating that the final polymer presents a complex 
macromolecular arrangement. The glass transition 
temperature of the polymer lattices was reduced 
because of the AFFAM incorporation into the growing 
polymer chains, and additionally the thermal stability 
was improved. Regarding the average molar masses, 
it was observed that AFFAM comonomer plays an 
important role, leading to a decreasing in the mass-
average molar mass when the AFFAM concentration 
is increased in the reaction medium. Depending on 
the AFFAM amount, the mass-average molar masses 
were found within the range from 70,000 g mol−1 to 
890,000 g mol−1 with molar-mass dispersity lying in 
the interval from 1.7 to 2.4.

Extraction of free fatty acids from 
wet Nannochloropsis gaditana biomass for 
biodiesel production

The objective of this work is to develop a process 
for producing biodiesel from the saponifiable lipid (SL) 
fraction of the wet microalgal biomass Nannochloropsis 
gaditana by Estrella Hita Peña et al . The method 
consists of five steps. Firstly, crude fatty acid salt 
extraction was carried out using a KOH-ethanol 
(96%) solution, which allows one to extract the SLs 
as potassium salts. This transformation permits better 
separation of the unsaponifiable lipids (the second 
step) and finally produces purer biodiesel [Renewable 
Energy,  75,  366-373, (2015)]. The unsaponifiable 
lipids were then separated with hexane, after 
establishing the ethanol-water solution water content 
at 30% w/w. Some unsaponifiable lipids (carotenoids 
and phytosterols) are products of interest that might be 
purified from this fraction thus helping to improve the 
process’s profitability. Thirdly, free fatty acids (FFAs) 
were purified by acidification of the ethanol-water 
solution to pH 5 and were then extracted with hexane. 
Fourthly, the FFAs were transformed to biodiesel by 
esterification with excess of methanol catalyzed using 
sulphuric acid, removing the excess by washing with 
hot water. Under these conditions the biodiesel purity 
and yield were 74.8% and 82% w/w, respectively. 
Finally, the biodiesel was clarified/purified up to 96.5% 
purity by adsorption with bentonite. The final biodiesel 
yield was 80.9%.
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Fuel properties of canola oil and lard biodiesel 
blends: Higher heating value, oxidative 
stability, and kinematic viscosity

The fuel properties of biodiesel are affected by 
the fatty acids composition of oils/fats. These fuel 
properties such as higher heating value, oxidative 
stability, and kinematic viscosity correlate with the 
molecular weight and the number of double bonds 
in fatty acid alkyl esters. Biodiesel is produced by  
In Kwon Hong et al  by mixing both canola oil 
and lard having different fatty acids compositions; 
optimum alcohol/oil molar ratio yielding the largest 
fatty acid alkyl ester content was 9 with 50 wt% or 
more canola oil and 12 with 50 wt% or less canola oil, 
depending on the mixing ratio [Journal of Industrial 
and Engineering Chemistry,  22,  335-340, (2015)]. 
The higher heating values of the produced biodiesels 
were similar regardless of the mixing ratio of lard and 
canola oil. When the proportion of lard in oxidative 
stability and proportion of canola oil in kinematic 
viscosity are higher, the fuel properties are better. 
Thus, considering both fatty acid alkyl ester contents 
and fuel properties, the optimum mixing ratio of canola 
oil and lard was determined as 3:7 in methanolysis 
and 1:9 in ethanolysis.

Continuous culture methodology for the 
screening of microalgae for oil

A basic criterion in the selection of microalgae 
suitable as source of oil for biodiesel should 
be their actual capacity to produce lipids or, 
more properly, the fatty acid yield. Performance 
assessment of 10 preselected microalgae under 
both batch and continuous culture points to the 
latter approach as the most adequate for evaluating 
fatty acid productivity. Differences were patent in 
continuous culture among strains that otherwise 
had analogous oil accumulation potential under 
batch culture. Some promising strains under batch 
culture (like Muriella aurantiaca and Monoraphidium 
braunii) exhibited, however, values for actual 
fatty acid productivity lower than 40 mg L−1 d−1 in 
continuous regime. The analysis performed by  
Esperanza Del Río et al  in photochemostat under 
continuous culture regime revealed the great potential 
of  Chlorococcum olefaciens, Pseudokirchneriella 
subcapitata and Scenedesmus almeriensis as oil 
producing microalgae [Journal of Biotechnology,  
195,  103-107, (2015)]. Fatty acid productivity levels 
over 90 mg L−1 d−1 were recorded for the latter strains 
under moderate nitrogen limitation, conditions which led 
to an enrichment in saturated and monounsaturated 
fatty acids, a more suitable profile as raw material 
for biodiesel. The continuous culture methodology 

employed represents a sound procedure for screening 
microalgae for biofuel production, providing a reliable 
evaluation of their fatty acid production capacity, 
under conditions close to those of outdoor production 
systems.

Ozonation of sunflower oils: Impact of 
experimental conditions on the composition 
and the antibacterial activity of ozonized oils

Ozone can react with vegetable oils to produce 
ozonized oils which have antimicrobial properties 
and can be used in dermatology. The aim of this 
study by Sophie Moureu et al was to evaluate the 
influence of ozonation conditions and of the initial 
fatty acid composition on iodine index (II), peroxide 
index (IP), acidity value (AV) of ozonized sunflower 
oils [Chemistry and Physics of Lipids,  186,  
79-85, (2015)]. The antibacterial activity of these 
products against the three bacterial strains that are 
more often involved in mastitis (Staphylococcus 
aureus, Escherichia coli and Streptococcus uberis) was 
also evaluated. In that purpose, two different sunflower 
oils have been studied: a “classical” oil (55% linoleic 
acid, 35% oleic acid) and a “high oleic” oil (90% oleic 
acid). Both were ozonized with or without water during 
different times (from 1 to 7 h). Results show that the 
addition of water has a direct impact on the increase 
in IP (up to 2600 meq of active oxygen/kg of oil with 
water and 430 without) and AV but does not influence 
the kinetic of the decrease in II. Minimal inhibitory 
concentrations were ranging from 1.25 to 40 mg/mL 
and the antibacterial activity of oils ozonized with 
water was better than the one of oils ozonized alone. 
These results are an open door to new applications 
of ozonized oils.

Effect of fatty acid   composition in vegetable 
oils on combustion processes in an emulsion 
burner

The use of vegetable oils as a fuel in burners 
is an alternative which offers certain advantages over 
the use of vegetable oils in engines. The present work 
by  J. San José et al explores the use of four oils: 
rapeseed, sunflower, soya, and a commercial mixture-
seed as heating fuel oil (HFO) [Fuel Processing 
Technology, 130,  20-30, (2015)]. The article relates 
the composition of the fatty acids in the various 
vegetable oils to the combustion products obtained 
in an emulsion burner. The work has been carried 
out in three stages. Firstly, describing the use of 
vegetable oils as a fuel and determining the fatty acid 
composition by proton NMR. Secondly, combustion 
of the vegetable oils studied is performed using an 
emulsion burner, varying the burner adjustments, 
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and analysing combustion gases. Thirdly, exploring 
the link between the fatty acids contained in each 
oil and the combustion efficiency and combustion 
gas concentration for each oil type. Due to the fatty 
acids they contain, not all the oils behave equally, 
even though their description as fuels is very similar.

Deoxygenation of fatty acids to produce 
diesel-like hydrocarbons: A review of process 
conditions, reaction kinetics and mechanism

Deoxygenation process of fatty acid as a 
renewable resource to produce diesel-like hydrocarbons 
is one of the alternatives to address drastic shortage 
of crude oil-based fuels in the near future. Catalytic 
deoxygenation process of fatty acid is getting attention 
from both academia and industry. Researchers have 
tried different techniques in the fatty acid deoxygenation 
to enhance the production of diesel-like hydrocarbons. 
This review paper  by Lilis Hermida et al  elucidates 
the influence of tmain operating conditions towards 
achieving optimum yield and selectivity of desired 
products. The reaction pathways, the reaction kinetics 
as well as recent progress in deoxygenation of fatty 
acid for production of diesel-like hydrocarbons are 
also reviewed [Renewable and Sustainable Energy 
Reviews,  42,  1223-1233, (2015)].

Reactive oily bubble technology for flotation 
of apatite, dolomite and quartz

Reactive oily bubble technology was applied to 
selectively floating apatite from dolomite and quartz. 
Kerosene containing 100 ppm fatty acid was chosen 
to generate reactive oily bubbles by Fang Zhou et 
al . Zeta potential and contact angle were measured 
to investigate the surface properties of reactive oily 
bubbles and single minerals [International Journal 
of Mineral Processing,  134,  74-81, (2015)]. The 
induction time was determined to evaluate the effect 
of different bubbles on bubble–mineral attachment. 
This novel technology was compared with conventional 
air bubble flotation in which collectors were added 
in the pulp. A shorter induction time and hence a 
stronger collecting power of the reactive oily bubbles 
attaching to the unconditioned minerals than the air 
bubbles attaching to the collector-conditioned minerals 
were observed. With the addition of sodium silicate 
as depressant at pH 9, the induction time of reactive 
oily bubble attaching to dolomite becomes much 
longer than that attaching to apatite as a result of 
smaller contact angle of dolomite than apatite, which 
is opposite to the case of conventional air bubble 
flotation with collectors added in the pulp. Therefore, a 
novel phosphate flotation technology is proposed and 
tested. In this novel technology, apatite is separated 

from dolomite and quartz using reactive oily bubble 
with sodium silicate as depressant, followed by 
separation of dolomite from quartz with conventional 
air bubble flotation. The results of micro-flotation tests 
demonstrated a better flotation separation using the 
proposed novel technology.

Chapter Two - Chia (Salvia hispanica): A 
Review of Native Mexican Seed and its 
Nutritional and Functional Properties

In this chapter, a review is made on various 
aspects of chia seed in order to provide an overall, 
yet comprehensive view by Ma. Ángeles Valdivia 
and López, Alberto Tecante, about this important 
commodity with the aim of updating the current state 
of knowledge on its composition, possible nutraceutical 
properties, and potential benefits for human health 
[Advances in Food and Nutrition Research, 75,  
53-75, (2015)]. Based on this approach, the discussion 
includes some comments on the main historical 
aspects, morphology of the seed, its importance in the 
diet of humans and stresses the main results issued 
from investigations on its three main components; 
lipid, protein, and fiber. The chapter closes with a 
discussion on the potential benefits for human health, 
highlighting the contradictions that still exist in this 
area and the need for continued research in this 
direction and considerations on the role of chia seed 
as a functional food.

Directed Interesterification of Coconut Oil to 
Produce Structured Lipid

Structured lipid is triglycerides composed of 
medium chain saturated fatty acids and unsaturated 
fatty acids. Coconut oil contains adequate amounts 
of medium chain and unsaturated fatty acids. The 
objective of this research by Arita Dewi Nugrahini 
and  Tatang Hernas Soerawidjaja is to evaluate a 
new method of producing structured lipid directly from 
coconut oil through directed interesterification in a 
solvent at three successively decreasing temperatures 
[Agriculture and Agricultural Science Procedia,  3,  
248-254, (2015)] . The tested solvents are cellosolve 
and acetone. The results of the research showed that 
the new method is indeed effective and acetone is the 
better solvent. Three stages directed interesterification 
of coconut oil in acetone solvent could deliver around 
24% of structured lipid.

Direct transesterification of fresh microalgal 
cells

Transesterification of lipids is a vital step during 
the processes of both biodiesel production and fatty 
acid analysis. By comparing the yields and fatty acid 
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profiles obtained from microalgal oil and dry microalgal 
cells, the reliability of method for the transesterification 
of micro-scale samples was tested by Jiao Liu et 
al. The minimum amount of microalgal cells needed 
for accurate analysis was found to be approximately 
300 μg dry cells [Bioresource Technology,  176,  
284-287, (2015)]. This direct transesterification method 
of fresh cells was applied to eight microalgal species, 
and the results indicate that the efficiency of the 
developed method is identical to that of conventional 
method, except for Spirulina whose lipid content is 
very low, which means the total lipid content should 
been considered.

Software sensors design and selection for 
the production of biodiesel from grease trap 
wastes

In this paper, a couple of software sensors were 
designed for CSTR processes and they were tested 
by  Efrén Aguilar et al in the esterification of grease 
trap wastes which is a low-cost feedstock for biodiesel 
production [Computer Aided Chemical Engineering,  
37,  1589-1594, (2015)]. Both software sensors were 
designed for the estimation of the concentration 
of Free Fatty Acids (FFAs) from discrete CSTR’s 
temperature measurements. One of these software 
sensors, called asymptotic observer, is recognized for 
its capacity to provide estimates without the knowledge 
of the process kinetics. It has been also designed an 
estimation algorithm known as reset fuzzy observer. 
This approach has been recently proposed and is able 
to update the estimated states at each instant when 
discrete measurements are available. Both observers 
were built regarding the structure of a validated 
dynamical model for the esterification of grease trap 
wastes and they were tested considering experimental 
data. The results show that the asymptotic observer 
offers a very poor performance when some process’s 
disturbances (e.g. input concentration of FFAs, jacket 
temperature) are carried out, whereas the reset 
fuzzy observer is able to reconstruct satisfactorily 
the concentration of FFAs in the presence of such 
disturbances. Therefore, this fuzzy observer can be 
selected as reliable monitoring approach that could be 
further used as a key part of robust control schemes 
conceived for this specific biodiesel production process.

Thermal Degradation of Vegetable Oils: 
Spectroscopic Measurement and Analysis

The paper deals with measuring of structural 
changes in edible oils during their heating giving arise 
to unsafe degradation products by Hana Vaskova and 
Martina Buckova. The attention is paid to the major 

decomposition product of heated oxidized linoleate 
and content of carotenoids with antioxidant effects 
[Procedia Engineering,  100,  630-635, (2015)] 
. Analysis is based on Raman spectral data that 
provide unique information about the structure of the 
oils. Raman spectroscopy offers effective and rapid 
way for oils quality control with respect to their health 
benefits and in terms of processes in food technology. 
Three most common vegetable oils were used for the 
thermal degradation study: sunflower, canola and olive 
oil. Measured were both, extra virgin and refined oils. 
Mathematically processed spectral data indicate the 
least action of thermal load for olive oils. Then due 
to a significant content of antioxidants it is canola oil. 
The worst effect in terms of thermal decomposition 
products formation and the loss of cis double bonds 
arise for sunflower oils.

Compact NMR spectroscopy for real-time 
monitoring of a biodiesel production

The use of biodiesel shows innumerous 
advantages compared to fossil fuels, since biodiesel is 
a biodegradable and non-toxic fuel. Nowadays, most of 
the biodiesel commercialized in the world is produced 
by the transesterification reaction of vegetable oils 
with methanol and basic catalysis. Understanding the 
reaction kinetics and controlling its optimum progress 
for improving the quality of the final product and to 
reduce production costs is of paramount importance. 
The present work by M.H.M. Killner et al  explores 
compact 1H NMR spectroscopy to follow the course 
of the transesterification reaction in real time [Fuel,  
139,  240-247, (2015)]. For this purpose the magnet 
is integrated into a flow setup which allows one to 
transport the neat solution from the reactor into the 
measurement zone and back again into the reactor. 
A multivariate calibration model applying Partial Least 
Squares regression was built to analyze the measured 
data and to obtain information about the biodiesel 
conversion ratio with errors on the order of 1%. This 
information is used in combination with a Lorentzian 
deconvolution of the spectra to estimate the relative 
concentrations of methanol present in the ester-rich 
phase in comparison with the one in the glycerol phase, 
the second medium involved in the reaction mixture. 
Finally, we demonstrate that the conversion ratio can 
also be monitored by measuring the chemical shift of 
the hydroxylic protons of methanol and glycerol present 
in the ester-rich phase. These results demonstrate that 
a compact NMR spectrometer can provide spectra with 
good quality and time resolution suitable for real time 
quality control of biodiesel production.
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Optimization of microwave-assisted etherifica-
tion of glycerol to polyglycerols by sodium 
carbonate as catalyst

The process optimization of etherification of 
glycerol to polyglycerols by sodium carbonate as 
a catalyst using microwaves as a heat source in 
solvent free conditions has been investigated in this 
study by Pornpimol Bookong et al . The regression 
models describing the linear correlations between 
reaction parameters and reaction outcomes were 
developed. The three reaction parameters studied are: 
reaction temperature (220 °C and 270 °C), catalyst 
concentration (1 wt% and 3 wt%), and reaction time 
(0.5, 1.0, 1.5, 2.0, and 3.0 h). The reaction temperature 
was found to have the most significant effect on the 
percent conversion of glycerol (X); combined yields 
of diglycerols, triglycerols, and tetraglycerols products 
(YDG+TG+TtG); selectivity toward pentaglycerols (SPG); and 
selectivity toward cyclic diglycerols (Sc-DG). Undesirable 
cyclic diglycerols formed at high temperature and 
the amount increased along with the longer reaction 
time [Chemical Engineering Journal, 275, 253-261, 
(2015)]. The higher catalyst concentration (3 wt%) 
provides higher amounts of the desired products. 
Moreover, the longer reaction time also resulted in 
higher conversions and yields. For the optimized 
conditions, X, YDG+TG+TtG, and Sc-DG were predicted 
to be at 84%, 63%, and 9%, respectively, at the 
reaction temperature of 270 °C, catalyst concentration 
of 3 wt%, and reaction time of 1.0 h. Experimental 
verification of the predicted optimum conditions gave 
the actual responses of 93%, 70%, and 7% for X, 
YDG+TG+TtG, and Sc-DG, respectively, with small deviations 
from the predicted responses. The results indicated 
that the developed models were valid and accurate 
in describing the actual experimental data at any 
conditions within the range studied. The observation 
suggests that the sodium carbonate catalyst with 
microwave heat source have the potential to be used 
in glycerol conversions to polyglycerols.

SrAl2O4 spinel phase as active phase of 
transesterification of rapeseed oil

The transesterification of rapeseed oil and methanol 
was investigated by Pawel Mierczynski et al over 
binary oxide (SrO)(Al2O3) catalyst. Effect of the 
reaction conditions such as: methanol to oil molar 
ratio, reaction temperature, reaction time and catalyst 
loading level was extensively studied in this work 
[Applied Catalysis B: Environmental, 164, 176-183, 
(2015)]. The most optimal process parameters have 
been reported. The physicochemical characteristics 
of binary oxide were analyzed by FTIR spectroscopy, 
X-ray diffraction (XRD), BET, SEM-EDS methods. The 

highest triglycerides (TG) conversion and methyl ester 
yields was obtained for (SrO)(Al2O3) calcined at 600 °C 
after two hours conducting at 160 °C (molar ratio Oil: 
methanol = 1: 6, catalyst weight m = 1.95 g) and were 
equal 90.5 and 89%, respectively. It was proven that 
the SrAl2O4 spinel structure is the active phase taking 
part in the process of conversion of TGs to biodiesel.

Biomass gasification bottom ash as a source 
of CaO catalyst for biodiesel production via 
transesterification of palm oil

The main aim of this research by  Thawatchai 
Maneerung et al is to develop environmentally and 
economically benign heterogeneous catalysts for 
biodiesel production via transesterification of palm 
oil. For this propose, calcium oxide (CaO) catalyst 
has been developed from bottom ash waste arising 
from woody biomass gasification. Calcium carbonate 
was found to be the main component in bottom ash 
and can be transformed into the active CaO catalyst 
by simple calcination at 800 °C without any chemical 
treatment. The obtained CaO catalysts exhibit high 
biodiesel production activity, over 90% yield of methyl 
ester can be achieved at the optimized reaction 
condition[Energy Conversion and Management, 92, 
234-243, (2015)]. Experimental kinetic data fit well 
the pseudo-first order kinetic model. The activation 
energy (Ea) of the transesterification reaction was 
calculated to be 83.9 kJ mol−1. Moreover, the CaO 
catalysts derived from woody biomass gasification 
bottom ash can be reutilized up to four times, offering 
the efficient and low-cost CaO catalysts which could 
make biodiesel production process more economic 
and environmental friendly.

Transesterification of sunflower oil with 
ethanol using sodium ethoxide as catalyst. 
Effect of the reaction conditions

Typically, biodiesel is produced using vegetable 
oil and methanol as raw materials, and sodium 
methoxide as catalyst, whereupon the obtained product 
is composed of methyl esters. However, the use of 
ethyl esters as biodiesel presents many advantages 
compared to the methyl esters. In this work by B.S. 
Sánchez et al, the transesterification with ethanol 
to produce ethyl esters using sodium ethoxide as 
catalyst was studied [Fuel Processing Technology, 
131, 29-35, (2015)]. The effect of temperature and 
alcohol and catalyst concentration on the reaction 
conversion was investigated, in order to optimize these 
parameters while also meeting the quality standards.
It was found that the optimal reaction conditions are: 
1.6 wt.% sodium ethoxide, 25 v/v% ethanol and 55 °C, 
which allow obtaining a biodiesel composed 100% by 
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ethyl esters that complies with the international quality 
standards. On the other hand, it was observed that 
methanolysis reactions are faster than the ethanolysis 
and sodium methoxide catalyst is more active than 
the corresponding ethoxide, due to the higher steric 
hindrance of the ethoxi-radical and to the more intense 
saponification of sodium ethoxide in ethanol medium.

Optimization study of binary metal oxides 
catalyzed transesterification system for 
biodiesel production

The focus of this study by H.V. Lee and Y.H. 
Taufiq-Yap is to produce biodiesel using non-edible 
feedstock (Jatropha curcas oil) via heterogeneous base 
catalyzed transesterification reaction. The solid base 
catalysts, binary metal oxide (CaO–ZnO and CaO–
La2O3) were selected for the transesterification of high 
acid jatropha oil [Process Safety and Environmental 
Protection, 94, 430-440, (2015)]. Furthermore, the 
design of experiments was performed using 5-level-4 
factor central composite design coupled with response 
surface methodology (RSM) in order to optimize the 
transesterification conditions. Four process factors 
were evaluated: (1) reaction time (1–5 h), (2) methanol/
oil molar ratio (15:1–30:1), (3) reaction temperature 
(40–200 °C) and (4) catalyst loading (1–5 wt.%). Based 
on the quadratic model generated from RSM, reaction 
temperature rendered the most significant effect for 
both CaO–ZnO and CaO–La2O3 catalyzed reactions, 
followed by catalyst loading and reaction time. Besides, 
both reaction models showed that interaction between 
reaction temperature with reaction time and catalyst 
loading has positively influenced the biodiesel yield. 
The highest conversion predicted for CaO–ZnO and 
CaO–La2O3 catalyzed reactions was 97.03% and 
96.27%, respectively, with reasonable predictability 
and sufficient accuracy data (small error: 0.33–0.34%). 
Furthermore, the physicochemical characteristics of 
produced biodiesel were tested with compliance to 
ASTM D7851 and EN 14124.

Sono-synthesis of biodiesel from soybean oil 
by KF/γ-Al2O3 as a nano-solid-base catalyst

In this work, biodiesel has successfully been 
prepared by H. Shahraki et al via ultrasonic method 
in a short time and low temperature by nano-solid-base 
catalyst (KF/γ-Al2O3). The catalyst was obtained by 
calcination of a mixture of KF and γ-Al2O3 at 500 °C 
for 3 h [Ultrasonics Sonochemistry, 23, 266-274, 
(2015)]. Nano-solid-base catalyst was characterized 
with scanning electron microscopy (SEM), transmission 
electron microscope (TEM), X-ray diffraction (XRD), 
Fourier transform infrared (FT-IR), thermal gravimetry 
(TG) and the Hammett indicator methods. The TEM 
image depicted nanoparticles and uniform dispersion 

of active phase over alumina. The XRD analysis 
confirmed the formation of potassium aluminum fluoride 
(K3AlF6) and potassium oxide, active catalyst for 
transesterification. The transesterification of soybean 
oil with methanol was performed by using both low 
frequency ultrasonic reactor (20 kHz) and mechanical 
stirring in the presence of KF/γ-Al2O3. The influence 
of various parameters such as ultrasonic power, oil/
methanol molar ratio, catalyst concentration, time, 
and temperature were studied on the biodiesel 
formation. The maximum yield (95%) was achieved by 
applying 45 W acoustic power, molar ratio of alcohol 
to oil at 12:1, catalyst concentration of 2.0 wt%, 
40 min sonication, and temperature of 50 °C. The 
transesterification was performed in 360 min using 
mechanical stirring with 76% yield. The results 
confirm that ultrasound significantly accelerates the 
transesterification reaction in comparison with the 
mechanical stirring.

Phenomenological kinetic model of the 
synthesis of glycerol carbonate assisted by 
focused beam reflectance measurements

In this paper, the synthesis of glycerol carbonate 
from glycerol and dimethyl carbonate is studied by 
Jesus Esteban et al . First, operating conditions and 
a catalyst were selected after screening of different 
alkali metal salts, resulting K2CO3 the most active 
species. Afterwards, given the low degree of miscibility 
between the reactants, a study of the phase change 
from a liquid–liquid emulsion to a monophasic sample 
throughout the reaction was successfully performed 
with the aid of a focused beam reflectance probe 
[Chemical Engineering Journal, 260, 434-443, 
(2015)]. This change took place at a conversion of 
approximately 0.30. With the findings of this study, 
distinct kinetic models were proposed and fitted to 
the experimental data obtained after the completion 
of a series of kinetic runs varying temperature (66–
70 °C), molar ratio of dimethyl carbonate to glycerol 
(1.5–3) and catalyst load (0.75–1.25% w/w). A model 
composed of two potential equations was proposed 
with activation energy of 179.2 ± 3.7 kJ mol−1. The 
model was capable of describing the initial biphasic 
stage and the monophasic regime correlated best to 
the experimental data, with errors below 6.8%.

Influence of different alkyl and carboxylate 
substituents on Sn(IV) organometallic catalysts 
during fatty acid methyl ester production

Sn(IV) complexes (dimethyltin dineodecanoate (1), 
dibutyltin dineodecanoate (2), dioctyltin dineodecanoate 
(3), dimethyltin diundec-10-enoate (4), dibutyltin 
diundec-10-enoate (5), tributyltin undec-10-enoate 
(6) and tributyltin undecanoate (7)) were tested by 
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[ Contributed by KN Prasanna Rani ]

Jhosianna P.V. da Silva et al  as catalysts for 
transesterification or esterification in the presence 
of methanol, in order to investigate the effect of 
the substituents coordinated to the metal center 
[Catalysis Communications, 58, 204-208, (2015)].   
. All complexes were active at relative high reaction 
temperatures, and their reactivity can be associated 
with the steric effects induced by the substituents 
(alkyls and carboxylates) at the metal center.

Lithium zirconate as solid catalyst for simul-
taneous esterification and transesterification 
of low quality triglycerides

Alkali metal (Li, Na and K) doped zirconium 
oxide was prepared by  Navjot Kaur and Amjad Ali 
(Li/ZrO2, Na/ZrO2 and K/ZrO2) by wet chemical route 
and used as active heterogeneous catalyst for the 
transesterification of waste cottonseed oil with ethanol 
and methanol to produce fatty acid ethyl and methyl 
esters, respectively. The catalyst characterization 
supports the formation of lithium zirconate single phase 
in the case of Li/ZrO2 and it was able to catalyze 
simultaneous esterification and transesterification of 
high free fatty acid containing vegetable oils (VOs) 
[Applied Catalysis A: General, 489, 193-202, (2015)]. 
The reaction conditions, such as catalyst concentration, 
reaction temperature, the molar ratio of alcohol/oil and 
stirring speed, were optimized in the presence of Li/
ZrO2 catalyst. The catalyst activity was found to be 
a function of its basic sites which in turn depends 
on calcination temperature and lithium content of 
the catalyst. A pseudo first order kinetic equation 
was applied to evaluate the kinetic parameters for 
the transesterification of waste cottonseed oil with 
methanol and ethanol. The activation energy (Ea) for 
the Li/ZrO2 catalyzed methanolysis and ethanolysis 
was found to be 40.8 and 43.1 kJ mol−1, respectively. 
The catalyst could be reused up to nine cycles without 
significant loss of performance as >90% fatty acid 
alkyl ester yield was maintained.

Glycerol-enriched heterogeneous catalyst for 
biodiesel production from soybean oil and 
waste frying oil

In the present work, biodiesel production using a 
glycerol enriched heterogeneous catalyst was studied 
by Gabriel O. Ferrero et al . For that purpose, the 
catalyst performance at different glycerol concentrations 
and reaction conditions (under ambient atmosphere) 

was evaluated and two triglyceride sources were 
used. The most active catalyst was produced using 
CaO, glycerol and methanol at a mass ratio of 
1:1.6:13.4, respectively [Energy Conversion and 
Management, 89, 665-671, (2015)]. By performing the 
transesterification reaction under ambient atmosphere 
during 2 h at 333 K, using 0.4 wt.% of catalyst and 
7:1 methanol to oil molar ratio, a good quality product 
was obtained (EN 14214) using both soybean oil and 
waste frying oil. The catalyst could be re-used during 
four cycles and could also be prepared by using 
ethanol instead of methanol (with differences <4% on 
product conversion). The glycerol by-product, being 
rich in calcium soaps, might additionally be used for 
the enrichment of animal diets. The present process 
allowed the production of biodiesel from different 
triglyceride sources using a very active heterogeneous 
catalyst at competitive reaction conditions compared 
to the homogeneous process and also enabled a 
two-way recycling of the glycerol by-product.

Novel utilization of waste marine sponge 
(Demospongiae) as a catalyst in ultrasound-
assisted transesterification of waste cooking 
oil

Noor Hindryawati and  Gaanty Pragas Maniam 
demonstrate  the potential of Na-silica waste sponge as 
a source of low cost catalyst in the transesterification 
of waste cooking oil aided by ultrasound. In this 
work an environmentally friendly and efficient 
transesterification process using Na-loaded SiO2 from 
waste sponge skeletons as a solid catalyst is presented 
[Ultrasonics Sonochemistry, 22, 454-462, (2015)]. 
The results showed that the methyl esters content of 
98.4 ± 0.4 wt.% was obtainable in less than an hour 
(h) of reaction time at 55 °C. Optimization of reaction 
parameters revealed that MeOH:oil, 9:1; catalyst, 
3 wt.% and reaction duration of 30 min as optimum 
reaction conditions. The catalyst is able to tolerant 
free fatty acid and moisture content up to 6% and 8%, 
respectively. In addition, the catalyst can be reused 
for seven cycles while maintaining the methyl esters 
content at 86.3%. Ultrasound undoubtedly assisted 
in achieving this remarkable result in less than 1 h 
reaction time. For the kinetics study at 50–60 °C, 
a pseudo first order model was proposed, and the 
activation energy of the reaction is determined as 
33.45 kJ/mol using Arrhenius equation.
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NEW BOOKS PUBLISHEDFORTHCOMING EVENTS

1. Refresher Course on Processing and Analytical 
Methodologies of Oils & Fats at Centre for Lipid 
Research, CSIR-Indian Institute of Chemical 
Technology, Hyderabad, during February 25-27, 
2015. The Members of SEA, India may avail 
concession for this course by mentioning their 
membership numbers. For further details, contact: 
Dr P P Chakrabarti, Convener, Refresher Course. 
Tel. +914027193179, +914027191851, Telefax: 
+914027193370. E-mail: pradosh@iict.res.in.

2. Global Rice Bran Oil Conference 2015, at Hotel 
Radisson, Mumbai during August 7-8, 2015. 
For details, Contact: Dr B V Mehta, Executive 
Secretary, SEA, India. Website: www.seaofindia.
com.

3. 25th Canadian Conference on Fats and Oils, 
at Hotel Delta Quebec, Quebec City, Canada 
during October 4-6, 2015. For details, contact: 
Consortium de recherche et innovations en 
bioprocédés industriels au Québec, Le Delta 
3 Building, 2875, boul. Laurier, office D3-620 
Quebec,(Quebec),G1V2M2, Tel.: (418) 914-1608; 
E-mail: cribiq@cribiq.qc.ca. 

4. SODEOPEC 2015, Soaps, Detegents, 
Oleochemicals and Personal Care, Practical 
Challenges for Tomorrow’s Challenges, at Hyatt 
Regency, Miami, Florida, USA during October 
27-30, 2015. For details, contact: Doren Berning, 
Phone: +12176934813; Fax: +12176934857; 
E-mail: doreenb@aocs.org; Website:www.aocs.
org. 

5. 70th Annual Convention of Oil Technologists’ 
Association of India and National Conference 
on Process and Products Development for 
Better Economy Benefits of the Fats and Oils 
Industry at Central Glass and Ceramic Research 
Institute, Kolkata, India during November 20-22, 
2015. For details, contact: Dr Mahua Ghosh, 
Conference Convenor, OTAI Eastern Zone. 
Phone: +91-9433112273, Fax:+913323519755. 
E-mail: otaiez@gmail.com; website:www.otai.org.

6. 107th AOCS Annual Meeting and Expo, at 
Salt Palace Convention Centre, Salt Lake City, 
Utah, USA during May 1-4, 2016. For details, 
contact: Doren Berning, Phone: +12176934813; 
Fax: +12176934857; E-mail: doreenb@aocs.org; 
Website:www.aocs.org.

1. Chemistry of Sustainable Energy by Nancy E 
Carpenter, CRC Press, Cheriton House, North 
Way, Andover, Hants, SP10 5BE, UK. ISBN : 
9781466575325, $71.96, 2014. 

2. Biomass and Biofuels: Advanced Biorefinery for 
Sustainable Production and Distribution by Shibu 
Jose and Thallada Bhaskar, CRC Press, Cheriton 
House, North Way, Andover, Hants, SP10 5BE, 
UK. ISBN: 9781466595316, £76.99, 2014.

3. Refining Used Lubricating Oils, by James Speight 
and Douglas I Exall, CRC Press, Cheriton House, 
North Way, Andover, Hants, SP10 5BE, UK. ISBN: 
9781466551497, $161.96, 2014.

4. Lipids: Nutrition and Health, by Claudia Leray, 
CRC Press, Cheriton House, North Way, Andover, 
Hants, SP10 5BE, UK. ISBN: 9781482242317, 
$89.96, 2014. 

5. Sunflower: Chemistry, Production, Processing 
and Utilization Edited by Enrique Mertinez-
Force, Nurhan Turgut Dunford and Joaquin J 
Salas American Oil Chemists’ Society Press, 
Champaign, Illinois, USA, ISBN: 9781893997943. 
$ 230.00, 2015.

6. Methods in Food Analysis by Rui M S Cruz, Igor 
Khmelinsku and Margarida Vieira, CRC Press, 
Cheriton House, North Way, Andover, Hants, 
SP10 5BE, UK. ISBN: 9781482231953, $116.96, 
2014.

7. Polar Lipids: Biology, Chemistry and Technology 
Edited by Moghis U Ahmad and Xuebing 
Xu, American Oil Chemists’ Society Press, 
Champaign, Illinois, USA, ISBN: 9781630670443. 
$ 155.00, 2015.

8. Improving Food Quality with Novel Food 
Processing Technologies by Ozlem Tokusoglu 
and Barry G Swanson, CRC Press, Cheriton 
House, North Way, Andover, Hants, SP10 5BE, 
UK. ISBN: 9781466507241, $152.96, 2014.
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All the members of OTAI are requested to update their membership details 
and send the information to their respective zonal secretaries

 Name : ...............................................................

 Membership Type : ...............................................................

 Membership Number : ...............................................................

 Address : ...............................................................

 ......................................................................................................................

 ......................................................................................................................

 Phone : ...............................................................

 E-mail : ...............................................................

The e-mails of zonal secretaries are given below:

 Central Zone : otaicz@gmail.com

 Northern Zone : otainz@gmail.com

 Eastern Zone : otaiez@gmail.com

 Southern Zone : otaisz@gmail.com

 Western Zone : otaiwz@gmail.com

Please mark a copy to :  lst.journal@gmail.com
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OTAI ANNUAL MERIT AWARDS
1. Dr. S Hussain Zaheer Memorial Award (Single Person Award for Basic Research): Annual Cash Award of Rs. 

5,000/- was instituted with the support of Zaheer Science Foundation, New Delhi. The award is for excellence 
in research contribution in Oil Chemistry and Technology, Surface Coatings and Allied Subjects, through 
research papers, which include applicant’s name among the authors and which appeared during the previous 
three calendar years.

2.  Dr. S D Tirumala Rao Memorial Award (Single Person Award for Applied Research): Annual Cash Award of 
Rs. 5,000/- was instituted with the support of Anantapur Chapter of OTAI (SZ). The award is for excellence 
in research contributions in relevant subject “Wealth from Waste” or “Value-added Products from the Waste 
generated in Vegetable Oil Industry” through research papers, which include applicant’s name among the 
authors and which appeared during the previous three calendar years.

3.  RBGV Swaika Memorial Award (Team Award for Applied Research): Annual Cash Award of Rs. 5,000/- was 
instituted with support of Shri B K Swaika and Shri N K Swaika of M/s Swaika Vanaspati Products, Kolkatta. 
The award is for excellence in Specific Process or Product Development or Innovation or Improvement in the 
Oils, Oilseeds, Surface Coating and Allied Field over three calendar years.

4.  Dr. Santinath Ghosh Memorial Research Award: Annual Cash Award of Rs.10,000/- and citation was instituted 
by OTAI (EZ) with corpus fund donated by Dr. Pubali Ghosh Dhar in memory of Dr. Santinath Ghosh for the 
Young Researcher (age below 35 years as on 1st January of the particular year). The award is for excellence in the 
field of Oil Technology and Allied Sciences with Best Social / Industrial Implication through patent / research 
paper, which include applicant’s name among the authors which appeared during the previous calendar year.

5.  S R Bhatnagar (SARBI) Memorial Research Award: Annual Cash Award of Rs 15,000/- and citation was 
instituted by OTAI (WZ) with the Corpus fund of donated by Mrs. Cherry Churi, Director, Ms Sarbi Petroleum 
& Chemicals Pvt. Ltd. in memory of Late Mr. S R Bhatnagar for the post graduate students. The award is for 
excellence in the research in the field of Tribology / Lubricant and allied fields for the research papers published 
which include applicant’s name among the authors which appeared during the previous or current calendar 
year.

6.  O P Narula – OTAI (SZ) Technology Award: Annual Cash Award of Rs. 7,500/- was instituted with the support 
of Shri O P Narula, New Delhi and OTAI (SZ). The award is for the best project report prepared for a specific 
topic identified by OTAI (SZ). The applicant has to submit a 10 to 15 page report (5 copies) on the above topic 
to the Secretary, OTAI (SZ).

7.  O P Narula – OTAI (SZ) Young Scientist Award: Annual Cash Award of Rs. 5000/- was instituted with the 
support of Shri O P Narula, New Delhi and OTAI (SZ). This award is for a researcher who is engaged in Oils 
& Allied Products and should not have completed 35 years of age as on 1st January of the particular year. The 
award is for Publications/Patents which include applicant’s name among the authors.

 For further details and prescribed proforma for Award Nos. 1, 2 & 3, the applicants may contact Shri R K 
Srivastava, Hony. General Secretary, Oil Technologists’ Association of India, C/o. HBTI, Kanpur – 208 002. 
For Award No. 4, the applicants may contact Dr. Mahua Ghosh, Hony. Secretary (EZ), C/o. Dept. of Chemical 
Technology, University of Calcutta, 92, A.P.C. Road. Kolkata 700 009, West Bengal. For Award No. 5, the 
applicants may contact Dr Rajeev Churi, C/o Oils, Surfactants & Oleochemicals Div., ICT, Matunga, Mumbai-19. 
For Award No. 6 and 7, the applicants may contact Dr. B V S K Rao, Hony.Secretary, OTAI (SZ), C/o CSIR-IICT, 
Hyderabad – 500 007. Any member of the OTAI engaged in an Academic or Industrial Research Organization 
or in industry is eligible for all the awards. The same award may be given second or more times to the same 
person, but only after the lapse of three years.

8.  Prof. R K Khanna Memorial Award: Annual Cash Award of Rs. 5,000/- was instituted with the support of OTAI 
(Central Zone) in memory of Prof. R K Khanna. This team award is for the best research paper published in 
all issues of the Journal of Lipid Science and Technology, which appeared during previous calendar year. No 
application is required for this award.
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