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Abstract: This work and a series of successive works aim to subject various ratios of palm olein and palm
stearin blends to chemical interesterification under different conditions of catalyst, temperature and time in order
to obtain fat blends suitable for the production of vegetable butter (margarine) fortified with different natural
vitamins and minerals and prepared by using nanotechnology. In this paper palm olein and palm stearin
(70:30w/w) fat blend was chemically interesterified using 0.4 ml% of NaOH: glycerol: H O (1:2:3 w/w) or 0.3%2

sodium methoxide catalysts under different conditions of time and temperature. The produced interesterified
blends were used to prepare fortified vegetable butter samples using nanotechnology. Product evaluation was
done before and after interesterification in order to determine its chemical and physical properties, fatty acid
composition, trans fatty acids content, triglyceride structure and solid fat content of the fat blend, also prepared
vegetable butter samples were evaluated for it’s chemical and physical properties. Results showed that chemical
interesterification of palm olein and palm stearin blend modified its chemical and physical properties and its
triglyceride structure. Also chemical interesterification by using both catalysts managed to give products with
zero trans fatty acids. Using NaOH: glycerol: H O (1:2:3 w/w) as a catalyst gave better results than using sodium2

methoxide  catalyst  regarding  the  product  stability,  melting  point,  triglyceride  structure and solid fat
content.  Transmittence  Electron  Microscope  (TEM)  images  showed  that the particle size of all of the nano-
fortified vegetable butter samples lies in the nano-range.

Key words: Chemical Interesterification  Palm Olein  Palm Stearin  Fat Blends  Vegetable Butter
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INTRODUCTION population, universal or national level, fortification of

Chemical interesterification is an important The use of nanotechnology is described to provide cost
technological option for the production of fats targeting savings, enhance product shelf life and increase health
various commercial applications, where it modifies the benefits in the oils and fats sector.
physical properties and crystallization behaviour of fats Worldwide commercial foods and food supplements
by altering the original specific triglyceride composition containing  added  nanoparticles  are  becoming  available.
of the blend components without the formation of trans A major growth area appears to be the development of
fatty acids [1]. ‘nanoceuticals’ and food supplements. The general

Palm stearin and palm olein fractions, for their approach is to develop nano-size carriers or nano-sized
versatile composition in fatty acids and triacylglycerols, materials, in order to improve the absorption and, hence,
are suitable raw material for interesterification, producing potentially the bioavailability of added materials such as
a variety of products such as margarine, shortenings, vitamins, phytochemicals, nutrients or minerals.
cookies, ice cream, chocolates, cakes and others [2]. So, the aim of this work is to subject olein: stearin

Food fortification is a more cost-effective and (70:30w/w) fat blend to chemical interesterification
sustainable strategy to overcome micronutrient process under different conditions of temperature,
malnutrition that may be caused by poverty. Where the catalysts and time until reaching the optimal condition in
micronutrient deficiency is widely distributed in the order to obtain zero trans fatty blends [3-12].

centrally processed foods is an appropriate intervention.
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Some  of  the  produced  interesterified   fat  blends Determination of Triglyceride Structure by High
will be selected and fortified with essential fatty acids
(omega fatty acids), minerals and vitamins like zinc, iron,
vitamin c obtained from plant sources [13] and natural
antioxidants to preserve the product from oxidation and
rancidity [14-17]. These fortified blends will be used in the
production of vegetable butter under different conditions
in order to obtain a butter substitute by using
nanotechnology to enhance absorption and increase the
potentiality of the added materials. So, the produced
vegetable butter will be of vegetable origin, nutritionally
valuable, cheap and healthy final product available for
everyone.

MATERIALS AND METHODS

Preparation of Fat Blend
Materials:

Refined, bleached and deodorized palm olein (57.0 g
iodine /100g) and palm stearin (32.0 g iodine /100g)
were purchased from the Integrated Oil Company.
Sodium methoxide was purchased from Merck.
Sodium hydroxide and glycerol were purchased from
El-Nasr Pharmaceutical Chemicals Company.
All used chemicals and solvents were of highly pure
grade.

Methods
Interesterification    Process:     Interesterification
process   was   carried   out   according   to   Affifi   [18]
under  nitrogen  atmosphere  in  a  closed  system
where100g of the fat blend (Olein: Stearin (70: 30 w/w))
were stirred and heated under the selected temperatures
(60,   80   and   100°C)   using   different   periods   of  time
(30, 45, 60 minutes) in the presence of 0.4 ml% of NaOH:
glycerol: H O (1:2:3 w/w) or 0.3% sodium methoxide as2

catalysts.
The regular and principal chemical and physical

characteristics of interesterified blends and the produced
vegetable butter were done.

Chemical Characteristics of the Interesterified Blend
Peroxide Value (AV), Iodine Value (IV) and Acid Value
(PV) Determination: Determination of peroxide value
(AV), iodine value (IV) and acid value (PV) were carried
out according to AOCS Official Methods Cd 3d-63, Cc 18-
80 and Cd 8-53 respectively [19].

Performance Liquid Chromatography (HPLC): The
selected interesterified samples in addition to the control
sample were analyzed for the determination of their
triglycerides structure according to González et al. [20].

Physical Characteristics of the Interesterified Blend
Melting Point Determination: Melting point was
determined for the non- and interesterified blends by
electric melting point apparatus ( Electrothermal 9100)
according to AOCS Official Method Cc3-25 [19].

Determination of Trans Acids by Fourier Transform
Infra Red (FTIR) Instrument: The selected interesterified
samples  were  subjected  to  FTIR  analysis  on  a  Nexus
670 Fourier Transform Infra Red spectrometer, Thermo
Nicolet, USA. The FTIR spectra were analyzed using
"Omnic 5.2a" software according to AOCS Official
Methods Cd 14-61 [19].

Determination of Solid Fat Content (SFC): Solid fat
content was measured using pulse NMR (Nuclear
Magnetic Resonance), apparatus model Moran SFC.
Company Oxford (England). SFC was measured in
temperature range 10°C - 40°C, according to AOCS Official
Methods Cd 16b-93 [21].

Determination of Fatty Acid Composition
Preparation of Fatty Acid Methyl Esters: Non-
interesterified (control) and the interesterified samples
were methylated in order to obtain fatty acids methyl
esters to be analysed using gas liquid chromatography
according to Ludde et al. [22].

Gas-Liquid Chromatographic Analysis of Fatty Acids
Methyl Esters: The identification of the components of
fatty acids methyl esters was done using gas liquid
chromatography on a Hewlett Packard Model 6890
chromatograph under the following conditions:

Separation was done on an INNO wax (polyethylene
glycol) Model No. 19095 N-123, 240°C maximum,
capillary column 30.0 m x 530 µm x 1.0 µm, nominal
flow 15 ml / min. with average velocity 89 cm / sec.
and pressure 8.2 psi.
Column temperature was 240°C with temperature
programming: Initial temperature 100 °C to 240°C
maximum with 10 °C rising for each minute and then
hold at 240°C for ten minutes.
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Injection temperature 280°C, back inlet, with split iii-2-1-3-3 Watercress constituents are: volatile oil,
ratio 8:1, split flow 120 ml / min., gas saver 20 ml / min. glycosides, fiber, protein with amino acids (arginine,
Carrier gas was nitrogen with flow rate 15 ml / min. histidine, isoleucine, leucine, lysine, threonine,
Flame ionization detector temperature 280°C. phenylalanine, methionine, tryptophan, valine, folic
Hydrogen flow rate 30 ml / min. - Air flow rate 300 ml acid, coumarins), vitamins (A, B1, B2, B3, B5, B6, B17,
/ min. C, D, E, K) and Minerals (calcium, phosphorus,

Statistical Analysis: The obtained data of peroxide, acid florine, sulphur, chlorine, iodine, germanium silica,
and iodine values were subjected to analysis of variance zinc) .
(ANOVA)  according  to  Snedcor  and   Cochran  [23]. iii-2-1-4 Lecithin was purchased from extracted oils
Least significant differences (LSD) were used compare company, Damanhour Factory. 
between means according to Waller and Duncan [24] at iii-2-1-5 Linseed oil rich in omega fatty acids was
probability 0.01. purchased from Serga.

Vegetable Butter Preparation iii-2-1-7 Butter flavor was purchased from the local market
Materials iii-2-1-8 Filtered water
The Following Prepared Seven Interesterified Olein: iii-2-1-9 Market margarine was kindly obtained from EFCO
Stearin Fat Blend: Company. This margarine was prepared from 80%

Interesterified  Olein:  Stearin  fat blend   (70:   30  w/w)
at  different  temperatures using 0.4 ml% of NaOH: Method of Preparation Using Nanotechnology: For the
glycerol:  H O  (1:2:3  w/w)  catalyst  for  different  periods preparation of vegetable butter using nanotechnology2

of time. one may have to undergo two steps:

A - 1 Interesterified sample for 30 minutes at 60°C Step 1: Using High Speed Homogenizer: The selected
A - 2 Interesterified sample for 45 minutes at 60°C interesterified fat blend was weighed (220gm) and linseed
A - 3 Interesterified sample for 30 minutes at 80°C oil (3gm), watercress oil (1.4gm), lecithin (0.6gm) and

Interesterified Olein: Stearin fat blend (70: 30 w/w) at and water (10gm) with the addition of rosemary extract (0.3
different temperatures using 0.3 gm% of sodium gm) and watercress leaves water extract (0.3 gm) will
methoxide catalyst for different periods of time. comprise the 25% aqueous part. The aqueous part was

B - 1 Interesterified sample for 30 minutes at 60°C speed homogenizer at rpm 25.000 min  for 30 minutes.
B - 2 Interesterified sample for 45 minutes at 60°C  Step 2: Using high pressure homogenizer:
B - 3 Interesterified sample for 30 minutes at 80°C The mixture was then homogenized under 1700 bar
B - 4 Interesterified sample for 45 minutes at 80°C pressure for six cycles using high pressure homogenizer

iii-2-1-2 Natural antioxidant extract was obtained by
extracting rosemary herbs with water Evaluation of the Prepared Vegetable Butter Samples:

iii-2-1-3 Plant extract was obtained by The prepared vegetable butter samples were evaluated by
iii-2-1-3-1 Watercress seeds were crushed and the oil was determining:

extracted using petroleum ether 40- 60ºC, the solvent
was then evaporated to obtain the oil. The traces of Peroxide, Iodine and Acid Values: According to AOCS
the solvent were removed using vacuum oven. Official Methods Cd 3d-63, Cc 18-80 and Cd 8-53

iii-2-1-3-2 Watercress leaves were also crushed and respectively [19].
blended with little amount of water and then filtered
to obtain the filtrate with water soluble vitamins and Solid Fat Content (SFC): According to AOCS Official
minerals. Methods Cd 16b-93 [21].

potassium, iron, magnesium, copper, manganese,

1

iii-2-1-6 Milk was purchased from the local market.

palm oil derivatives and 20% palm stearin.

butter flavor (1gm) were added to the fat part. Milk (65gm)

then added to the fat part while homogenizing using high
1

IKA single piston HPH 2000/4 5SH. 
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Particle Size Determination Using Transmittance hydrolysis that may occur due to the effect of the reaction
Electron Microscope (TEM): The prepared vegetable conditions. Both peroxide and acid values were found to
butter samples were analyzed using Jeol transmittance be higher in samples prepared using sodium methoxide
electron    microscope    (TEM)    (Japan)    JEM-1230  for catalyst  than  those  prepared  by using NaOH: glycerol:
the   microscopic   study   to   determine   the   exact H O (1:2:3 w/w) catalyst. In spite of this increase, all
particle  size. peroxide and acid values remain in the allowed range of

RESULTS AND DISCUSSION Iodine value is a valuable characteristic determination

The Olein: Stearin fat blend (70: 30 w/w) was evaluated fat blend but does not define specific fatty acids. Iodine
for its chemical and physical properties before and after values of the interesterified blends are usually changed
interesterification process under different reaction by means of the proportion of hard stock in the blends.
conditions as follows: So, blending palm olein with palm stearin gave a fat blend

Evaluation of the Interesterified Fat Blend to the blending percentage.
Determination of Peroxide, Iodine, Acid Values and Karabulut et al. [5] demonstrated that iodine value is
Melting Point: Table (1) shows the different chemical not affected by interesterification. Therefore, iodine
(peroxide, iodine and acid values) properties determined values of a blend before and after interesterification did
for the interesterified olein; stearin fat blends that were not change because chemical interesterification only
prepared under different conditions. Table (1) showed cause a random redistribution of fatty acids on the
that interesterification reaction caused an increase in glyceride backbone without altering the unsaturation
peroxide value. Peroxide value measures the amount of content.
oxygen chemically bound to oil as peroxide, particularly But  Table  1  showed  that  iodine  value  decreased
hydroperoxide. As long as hydroperoxides were formed, after  interesterification  and  this  may  be  attributed  to
peroxide value increased. Their formation is attributed to the effect of the different catalyst, time and temperature
the oxidation of the unsaturated fatty acids into conditions of interesterification which affected the
hydroperoxide which may be caused by the exposure to unsaturation  content.  The  higher  decrease  in  iodine
the reaction temperature [25]. value  was  recorded  in  case  of  using  sodium

Also, acid value was found to be slightly increased methoxide  as  a  catalyst  especially  after  30  minutes  of
after interesterification reaction may be due to the partial the reaction.

2

the standard specifications.

in fat analyses. It measures the unsaturation degree of the

with an intermediate iodine value and it differs according

Table 1: Chemical characteristics of interesterified olein: stearin fatty blend (70: 30 w/w) at different temperatures using 0.4 ml% of NaOH: glycerol: H O2

(1:2:3 w/w) (catalyst 1) and using 0.3 % sodium methoxide (catalyst 2) for different periods of time

Peroxide value Acid Value Iodine Value

------------------------------------- ------------------------------------- --------------------------------------

Time of reaction (minutes) Catalyst 1 Catalyst 2 Catalyst 1 Catalyst 2 Catalyst 1 Catalyst 2

------------------------------------------------------------------------ 0°C ----------------------------------------------------------------------------

0* Control 0.35 0.35 0.10 0.10 51.18 51.18

------------------------------------------------------------------------ 60°C ----------------------------------------------------------------------------

30 8.65 10.55 0.46 0.46 48.28 41.17

45 5.34 6.93 0.33 0.29 45.25 48.33

------------------------------------------------------------------------ 80°C ----------------------------------------------------------------------------

30 4.04 9.40 0.29 0.44 49.21 42.03

45 -- 8.50 -- 0.59 -- 48.75

------------------------------------------------------------------------ 100°C ---------------------------------------------------------------------------

30 8.49 8.44 0.26 0.62 47.84 42.58

45 3.30 0.00 0.42 1.43 45.23 43.48

0* Noninteresterified olein: Stearin fatty blend (70:30 w/w) (control)
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Table 2: Effect of time of interesterification reaction on peroxide, acid and iodine values
Catalyst 1 Catalyst 2
-------------------------------------------------------------------------- -----------------------------------------------------------------------

Time Peroxide value Acid Value Iodine Value Peroxide value Acid Value Iodine Value 
0 0.35c ± 0.01 0.10b ± 0.01 51.18a ± 0.83 0.35c ± 0.01 0.10c ± 0.01 51.18a ± 0.83
30 7.06a ± 0.11 0.34a ± 0.02 48.44 b ± 0.04 9.46a ± 0.01 0.51 b ± 0.00 41.93c ± 1.76
45 4.32b ± 0.09 0.38a ± 0.01 45.24c ± 0.38 5.14b ± 0.01 0.77a ± 0.02 46.85b ± 0.96
L.S.D at a 0.01 0.253 0.039 1.596 0.039 0.039 3.781
* The means followed by the same alphabetical letters were not significantly different at the probability level of 0.01

Table 3: Effect of the temperature of interesterification reaction on peroxide, acid and iodine values
Catalyst 1 Catalyst 2
----------------------------------------------------------------------- -------------------------------------------------------------------------

Temperatures Peroxide value Acid Value Iodine Value Peroxide value Acid Value Iodine Value
0 0.35d ± 0.01 0.10c ± 0.01 51.18a ± 0.83 0.35d ± 0.01 0.10d ± 0.01 51.18a ± 0.83
60 6.99a ± 0.08 0.39a ± 0.00 46.77c ± 0.28 8.74b ± 0.09 0.37c ± 0.00 44.75bc ±  0.30
80 4.04c ± 0.17 0.29b ± 0.03 49.21b ± 0.32 8.95a ± 0.05 0.52b ± 0.02 45.39b ± 1.09
100 5.90b ± 0.07 0.34ab ± 0.02 46.54c ± 0.32 4.22c ± 0.03 1.03a ± 0.02 43.03c ± 0.20
L.S.D at a 0.01 0.300 0.087 1.353 0.150 0.039 1.951
* The means followed by the same alphabetical letters were not significantly different at the probability level of 0.01

Table 4: Effect of catalyst type of interesterification reaction on peroxide, acid and iodine values
Catalyst Peroxide value Acid Value Iodine Value
1 5.03 ± 3.00 0.31b ± 0.12 47.83a ± 2.23
2 6.31 ± 4.11 0.56a ± 0.40 45.36b ± 3.96
T value at a 0.05 N.S 2.710 2.440
* The means followed by the same alphabetical letters were not significantly different at the probability level of 0.05

Table 5: Effect of different interesterification reaction conditions on Table 6: Melting point of interesterified olein: stearin fatty blend (70:30
peroxide, acid and iodine values w/w) at different temperatures using 0.4 ml% of NaOH: glycerol:

Catalyst 1
-------------------------------------------------------------

Treatments Peroxide value Acid Value Iodine Value Melting Point
60°C 6.99a ± 1.82 0.39a ± 0.07 46.77 ± 1.71
100°C 5.90b ± 2.85 0.34b ± 0.09 46.54 ± 1.54
t value at a 0.01 0.260 0.038 N.S
30 min. 8.57a ± 0.17 0.36 ± 0.11 48.06a ± 0.50
45 min. 4.32b ± 1.12 0.38 ± 0.05 45.24b ± 0.54
T value at a 0.01 0.260 N.S 1.072
60°C×30 min. 8.65a ± 0.07 0.46a ± 0.01 48.28 ± 0.66
60°C×45 min. 5.34b ± 0.10 0.33b ± 0.01 45.25 ± 0.10
100°C×30 min. 8.49a ± 0.23 0.26c ± 0.03 47.84 ± 0.22
100°C×45 min. 3.30c ± 0.09 0.43a ± 0.01 45.23 ± 0.86
T value at a 0.01 0.368 0.054 N.S

Catalyst 2
-------------------------------------------------------------

Treatments Peroxide value Acid Value Iodine Value
60°C 8.74b ± 1.99 0.37c ± 0.09 44.75 ± 4.00
80°C 8.95a ± 0.50 0.52b ± 0.08 45.39 ± 3.95
100°C 4.22c ± 4.62 1.03a ± 0.45 43.03 ± 1.92
T value at a 0.01 0.151 0.042 N.S
30 min. 9.46a ± 0.92 0.51b ± 0.09 41.93b ± 1.69
45 min. 5.14b ± 3.92 0.77a ± 0.51 46.85a ± 2.79
T value at a 0.01 0.123 0.042 2.301
60°C×30 min. 10.55a ± 0.16 0.46c ± 0.00 41.17b ± 1.13
60°C×45 min. 6.93d ± 0.03 0.29d ± 0.01 48.33a ± 0.53
80°C×30 min. 9.40b ± 0.12 0.44c ± 0.02 42.03b ± 2.27
80°C×45 min. 8.50c ± 0.01 0.59b ± 0.02 48.75a ± 0.08
100°C×30 min. 8.44c ± 0.07 0.62b ± 0.01 42.58b ± 1.87
100°C×45 min. 0.00e ± 0.00 1.43a ± 0.05 43.48b± 2.27
T value at a 0.01 0.213 0.060 3.986
* The means followed by the same alphabetical letters were not significantly
different at the probability level of 0.05

H O (1:2:3 w/w) (catalyst 1) and using 0.3 % sodium methoxide2

(catalyst 2) for different periods of time

--------------------------------------------------
Time of reaction (minutes) Catalyst 1 Catalyst 2

--------------------- 0°C ---------------------
0* Control 49.1 49.1

--------------------- 60°C --------------------
30 44.7 49.3
45 44.0 49.3

--------------------- 80°C ---------------------
30 44.0 49.3
45 -- 49.7

--------------------- 100°C --------------------
30 44.50 49.7
45 44.50 48.8
0* Noninteresterified olein: Stearin fatty blend (70:30 w/w) (control)

The effect of time, temperature and catalyst type is
shown  in  Tables  (2-5). We  can  conclude  from  tables
that most of the peroxide, acid and iodine values were
significantly different under the different
interesterification conditions.

Melting point of interesterified samples was found to
be less than that of control (non-interesterified) sample
due to interesterification process as shown in Table 6.
This decrease in melting point was noticed to be clear in
all s amples  prepared  by  using  NaOH:  glycerol:H O2

(1:2:3 w/w) catalyst in comparison with those prepared
using sodium methoxide catalyst.
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Table 7: Fatty acid composition of of interesterified olein: stearin fatty blend (70: 30 w/w) at different temperatures using 0.4 ml% of NaOH: glycerol: H O2

(1:2:3 w/w) catalyst for different periods of time

Fatty acid %
----------------------------------------------------------------------------------------------------------------------------------------------------------

Time of reaction (minutes) C C C C Total saturated fatty acids MUFA* PUFA*16:0 18:0 18:1 18:2

-------------------------------------------------------------------------- 0°C --------------------------------------------------------------------------
0* Control 47.05 4.93 38.49 9.53 51.98 38.49 9.53

-------------------------------------------------------------------------- 60°C --------------------------------------------------------------------------
30 46.29 4.40 39.75 9.51 50.69 39.75 9.51
45 47.85 4.65 38.41 9.09 52.50 38.41 9.09

-------------------------------------------------------------------------- 80°C --------------------------------------------------------------------------
30 47.48 4.38 38.89 9.24 51.86 38.89 9.24

-------------------------------------------------------------------------- 100°C --------------------------------------------------------------------------
30 46.55 4.51 38.97 9.97 51.06 38.97 9.97
45 52.24 4.79 35.12 7.85 57.03 35.12 7.85

0* Noninteresterified olein: Stearin fatty blend (70:30 w/w) (control)
MUFA* Monounsaturated Fatty Acids
PUFA* Polyunsaturated Fatty Acids

Table 8: Fatty acid composition of of interesterified olein: stearin fatty blend (70: 30 w/w) at different temperatures using 0.3 ml% of sodium methoxide
catalyst for different periods of time

Fatty acid %
----------------------------------------------------------------------------------------------------------------------------------------------------------

Time of reaction (minutes) C C C C Total saturated fatty acids MUFA* PUFA*16:0 18:0 18:1 18:2

-------------------------------------------------------------------------- 0°C --------------------------------------------------------------------------
0* Control 47.05 4.93 38.49 9.53 51.98 38.49 9.53

-------------------------------------------------------------------------- 60°C --------------------------------------------------------------------------
30 48.56 5.89 36.57 8.98 54.45 36.57 8.98
45 49.60 4.72 37.48 8.19 54.32 37.48 8.19

-------------------------------------------------------------------------- 80°C --------------------------------------------------------------------------
30 48.44 3.22 39.35 8.98 51.66 39.35 8.98
45 47.39 3.31 39.69 9.50 50.70 39.69 9.50

-------------------------------------------------------------------------- 100°C --------------------------------------------------------------------------
30 47.98 5.75 37.86 8.41 53.73 37.86 8.41
45 47.79 4.84 37.79 9.57 52.63 37.79 9.57

0* Noninteresterified olein: Stearin fatty blend (70:30 w/w) (control)
MUFA* Monounsaturated Fatty Acids
PUFA* Polyunsaturated Fatty Acids

Determination of Fatty Acid Composition: The fatty acid total saturated fatty acids increased. In case of using 0.3%
composition of the non-interesterified and interesterified sodium methoxide catalyst saturated fatty acids were
fat blends is shown in Tables (7,8). WHO/FAO [26] found to increase for almost all samples except for
demonstrated that blends containing more than 50% of samples prepared at 80°C.
palm olein proved to be interesting to make healthy food From the previous results for evaluating
and this is due to the content of polyunsaturated fatty interesterified fat blends under different conditions of
acids (PUFA) and monounsaturated fatty acids (MUFA) temperature, time and catalyst, seven interesterified
of these blends. Tables show that after 30 minutes of samples were selected taking into consideration mild
interesterification reaction using 0.4 ml% of NaOH: results (i.e saving time and energy). Trans fatty acids,
glycerol: H O (1:2:3 w/w) a slight increase in MUFA and solid fat content and triglyceride structure were2

a slight decrease in PUFA and total saturated fatty acids determined regarding these seven samples previously
was happened. But after 45 minutes of the reaction MUFA mentioned in section iii-2-1-1 in addition to control sample
started to decrease, PUFA continued to decrease and of olein: stearin (70:30) fat blend.
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Fig. 1: FTIR chart in the range 900-1100 cm  of A-3 formation of trans acids.1

interesterified sample 

Fig. 2: FTIR chart in the range 900-1100 cm  of B-3 From Table (9) one may notice that chemical1

interesterified sample interesterification  process  caused  a  random

Note: The olein: stearin fat blend (70:30 w/w) sample to a  reduction  in trisaturated  and  triunsaturated
interesterified at 80 °C for 45 minutes using 0.4 ml% of triacylglycerol contents of   almost    all    interesterified
NaOH: glycerol: water (1:2:3 w/w) was not included in this samples,     especially     those     prepared     by    using
paper as it was used for food application in a separate 0.4  ml% NaOH:  glycerol: H O (1:2:3  w/w)   catalyst,
work. leading  to  an  increase  in their softening points  [5,  27].

Determination of Trans Fatty Acids of the Interesterified
Blends: The previously mentioned selected interesterified
fat blends in addition to control olein: stearin (70:30 w/w)
fat blend were subjected to FTIR analysis to determine the
presence of trans fatty acids at wave number range
between 900 and 1100 cm . The results recorded in FTIR1

charts indicated that no peaks were detected in the
previously mentioned range for all samples as shown in
Figures (1,2) which are representative charts for A-3 and
B-3 interseterified samples. This proves that both
catalysts managed to give a product with no trans acids
which means that interesterification process is a good
substitute for hydrogenation process which cause the

Determination of Triglyceride Structure by Using High
Performance Liquid Chromatography (HPLC): The
selected interesterified samples in addition to control
samples were subjected to the determination of their
triglyceride profile  and  the  results  are   tabulated in
Table (9).

where;
S = Trisaturated fatty acid glycerides3

S U = Disaturated monounsaturated fatty acids2

SU = Monosaturated Diunsaturated fatty acids2

U = Triunsaturated fatty acid glycerides3

rearrangement    of     triacylglycerol   species     leading

2

Table 9: Triacyglycerol composition of olein: stearin (70:30 w/w) fat blend before and after interesterification

Triglyceride structure

---------------------------------------------------------------

Sample no. Interesterification Conditions S S U SU U3 2 2 3

Control Olein: stearin (70:30 w/w) 11.98 74.91 3.00 9.49

A-1 at 60°C for 30 min. using 0.4 ml% NaOH: glycerol: H O (1:2:3 w/w) catalyst 11.39 75.95 6.04 6.212

A-2 at 60°C for 45 min. using 0.4 ml% NaOH: glycerol: H O (1:2:3 w/w) catalyst 11.78 77.52 3.49 6.762

A-3 at 80°C for 30 min. using 0.4 ml% NaOH: glycerol: H O (1:2:3 w/w) catalyst 11.03 74.95 5.71 8.172

B-1 at 60°C for 30 min. using 0.3 gm% sodium methoxide catalyst 10.97 72.46 6.53 9.73

B-2 at 60°C for 45 min. using 0.3 gm% sodium methoxide catalyst 10.91 73.94 6.11 7.86

B-3 at 80°C for 30 min. using 0.3 gm% sodium methoxide catalyst 11.04 75.77 5.54 7.65

B-4 at 80°C for 45 min. using 0.3 gm% sodium methoxide catalyst 11.22 74.42 4.94 7.70
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On this base monosaturated diunsaturated  and many product   characteristics   in  margarines,
disaturated  monounsaturated  fatty acid glycerides shortenings and fat spreads, including their general
increased. The triacylglycerol fraction of a fat is appearance,  ease  of  packing,  spreadability,  oil
responsible for most of its physical properties that affect exudation  and   organoleptic   properties   [30].  This
lubricity (pourability, holding together at room profile  also  influences  the  melting  properties  of a
temperature or melting in the mouth to give a pleasant specific  fat  and  the  plasticity  or  physical  consistency
cooling effect). Lubricity is dependent on melting of  an edible  product. The variation of the solid fat
temperature,solid fat content and texture. Fats that have content  with  the  temperature  and   the   sharpness  of
composition  with   triglycerides   predominantly   SUU, the   melting   range,   together   with   other   factors  such
melt in temperatures between 6 and 23°C. These products as   the crystal   morphology,   determine   the  range
provide appropriate lubricity at 25°C and are easy to within  a  fat  can  be  considered  plastic   [27].  Changes
handle and pour over temperatures ranging from 5 to in the triacylglycerols composition of the fats after
25°C. The functional properties of margarine oils, such as interesterification were accompanied by changes in their
holding together at room temperature and mouth melting solid fat content values. It was determined for the
characteristics, are all influenced by disaturated and previously mentioned seven selected interesterified
trisaturated triglycerides. These triglycerides melt samples and the results are tabulated in Table 10 as
between 27-42°C and 56-65°C, respectively [28]. follows:

Soares et al.  [28]  demonstrated  that fat blends Solid fat content of non-interesterified and
having more than 50% of palm olein presented a good interesterified samples was generally more or less similar
relation between trisaturated, disaturated, diunsaturated, at the different temperature degrees. At temperatures
triunsaturated triglycerides and increasing the between 33 and 38°C, the solid fat content values
possibilities of use of these fats. influence “mouth feel” or waxy sensations that will be

Generally, the interesterification process improved exhibited by the fat. The solid fat content at 35°C is
unsaturated fatty acids content in the triglyceride profile particularly important for table margarines, because this
which can lower the risk of heart diseases by reducing the property is related to the extent of melting that takes
total cholesterol and low density lipoprotein (LDL) places in the mouth [27].
cholesterol levels in blood [29]. A novel diet should From table 10 we can conclude that solid fat content
contain a moderate amount of fat, most of it as mono or of interesterified olein: stearin (70:30 w/w) fat blend at
diunsaturated fatty acid glycerides . different temperatures and time using 0.4% NaOH:2

Solid Fat Content (SFC): Solid fat content, the quantity of On the other hand those interesterified using 0.3gm%
fat crystals in a fat or fat blend, has a great influence on sodium methoxide catalyst contain solid fat between
the suitability of the fat or fat blend for a particular 11.95-12.96% at 35°C. While control (noninteresterified)
application [28]. The solid fat content  is  responsible  for sample contained 8.67%.

glycerol: H O (1:2:3)  was  between  8.32-8.71%  at  35 °C.2

Table 10: Solid Fat Content (SFC) of the selected olein: stearin fatty blends interesterified using different conditions in addition to the control olein: stearin

(70:30 w/w) fat blend

SFC at different temperatures

----------------------------------------------------------------------

Sample no. Interesterification Conditions 20°C 25°C 30°C 35°C 40°C

Control ---- 34.67% 21.27% 13.79% 8.67% 3.35%

A-1 at 60°C for 30 min. using 0.4 ml% NaOH: glycerol: H O (1:2:3 w/w) catalyst 33.86% 21.29% 13.33% 8.32% 4.60%2

A-2 at 60°C for 45 min. using 0.4 ml% NaOH: glycerol: H O (1:2:3 w/w) catalyst 34.41% 21.75% 13.46% 8.65% 4.14%2

A-3 at 80°C for 30 min. using 0.4 ml% NaOH: glycerol: H O (1:2:3 w/w) catalyst 34.33% 21.12% 13.63% 8.71% 3.72%2

B-1 at 60°C for 30 min. using 0.3 gm% sodium methoxide catalyst 37.86% 27.13% 18.28% 11.95% 8.05%

B-2 at 60°C for 45 min. using 0.3 gm% sodium methoxide catalyst 32.91% 22.78% 14.93% 9.28% 6.40%

B-3 at 80°C for 30 min. using 0.3 gm% sodium methoxide catalyst 38.67% 28.25% 19.39% 12.96% 7.44%

B-4 at 80°C for 45 min. using 0.3 gm% sodium methoxide catalyst 39.49% 28.11% 19.21% 12.25% 7.44%



World Appl. Sci. J., 22 (9): 1355-1366, 2013

1363

Table 11: Chemical characteristics of the selected interesterified olein: stearin fat blends in addition to control olein: stearin blend (70:30 w/w) and their
vegetable butter samples

PV of Intere. PV of its AV of Intere. AV of its IV of Intere. IV of its
Sample vegetable butter Sample vegetable butter Sample vegetable butter

Sample no. Interesterification Conditions 0.35 1.03 0.1 0.54 51.18 50.63
A-1 at 60°C for 30 min. using 0.4 ml% 8.65 5.58 0.46 0.67 48.28 51.15

NaOH: glycerol: H O (1:2:3 w/w) catalyst2

A-2 at 60°C for 45 min. using 0.4 ml% 5.34 2.61 0.33 0.55 45.25 49.93
NaOH: glycerol: H O (1:2:3 w/w) catalyst2

A-3 at 80°C for 30 min. using 0.4 ml% 4.04 2.26 0.29 0.44 49.21 49.26
NaOH: glycerol: H O (1:2:3 w/w) catalyst2

B-1 at 60°C for 30 min. using 0.3 gm% 10.55 5.68 0.46 0.58 41.17 48.83
sodium methoxide catalyst

B-2 at 60°C for 45 min. using 0.3 gm% 6.93 11.49 0.29 0.71 48.33 48.30
sodium methoxide catalyst

B-3 at 80°C for 30 min. using 0.3 gm% 9.40 5.53 0.44 1.64 42.03 49.98
sodium methoxide catalyst

B-4 at 80°C for 45 min. using 0.3 gm% 8.50 5.74 0.59 0.90 48.75 52.29
sodium methoxide catalyst

Table 12: Solid Fat Content (SFC) of selected olein: stearin (70:30 w/w) vegetable butter samples
SFC at different temperatures
-----------------------------------------------------------------------

Vegetable butter no. Fatty blend Interesterification Conditions 20 °C 25 °C 30°C 35°C 40°C
A-1 70:30 at 60°C for 30 min. using 0.4 ml% 28.80% 19.20% 11.70% 7.30% 2.50%

NaOH: glycerol: H O (1:2:3) catalyst2

A-2 70:30 at 60°C for 45 min. using 0.4 ml% 29.50% 20.20% 12.20% 7.70% 3.10%
NaOH: glycerol: H O (1:2:3) catalyst2

A-3 70:30 at 80°C for 30 min. using 0.4 ml% 29.20% 19.50% 11.70% 7.30% 3.10%
NaOH: glycerol: H O (1:2:3) catalyst2

B-1 70:30 at 60°C for 30 min. using 0.3 gm% 30.30% 20.40% 12.50% 7.60% 4.30%
sodium methoxide catalyst

B-2 70:30 at 60°C for 45 min. using 0.3 gm% 27.70% 18.70% 11.40% 7.20% 3.40%
sodium methoxide catalyst

B-3 70:30 at 80°C for 30 min. using 0.3 gm% 26.49% 17.80% 12.05% 7.50% 4.73%
sodium methoxide catalyst

B-4 70:30 at 80°C for 45 min. using 0.3 gm% 28.45% 18.80% 13.20% 8.73% 4.60%
sodium methoxide catalyst

Market Margarine 80% palm oil derivatives: -------- 36.30% Not measured 16.80% 11.20% 5.70%
20% palm stearin

Evaluation of the Prepared Vegetable Butter Samples water in the vegetable butter causing a slight fat
Using Nanotechnology hydrolysis.
Chemical Characteristics of Vegetable Butter Samples: Iodine   values    of    vegetable    butter   were
Table (11) shows the chemical characteristics of the generally  increased  than  those  of  the
selected interesterified fat blends in addition to control interesterified  fat  blend  samples in  accordance  to
olein: stearin blend (70:30 w/w) and their vegetable butter the presence of the added linseed oil in the vegetable
samples. From this table one can notice that: butter samples.

Peroxide values of vegetable butter were generally In general, all of the previous values lie in the range
decreased than those of the interesterified fat blend of the standard specifications.
samples due to the addition of different constituents
causing ratio differences. Solid Fat Content of the Selected Vegetable Butter
Acid values of all vegetable butter samples were Samples: The selected vegetable butter samples were
slightly increased than those of the interesterified fat analyzed for their solid fat content and results are
blend samples. This is may be due to the presence of recorded in Table (12).
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Fig. 3: TEM image of A-3 vegetable butter sample

Fig. 4: TEM image of B-3 vegetable butter sample

By comparing Table (10) concerning solid fat content
of the selected interesterified fat blends and Table 12 of
solid fat content of the selected vegetable butter samples,
we may report that the solid fat content of vegetable
butter in particular at 30 and 35°C were lower than those
of the interesterified fat blends. This issue is
corresponding to the presence of liquid phase in the
produced vegetable butter. This decrease will give a
better vegetable butter product without a waxy mouth feel
and an enhanced melting at body temperature. On the
other hand, market margarine have solid fat content higher
than that of the interesterified fat blends and vegetable
butter samples as shown from the tables.

Particle Size Determination: Transmittence Electron
Microscope  (TEM)  images  showed  that  the  particle
size  of  all  of  the  nano-fortified  vegetable  butter
samples  lies  in  the  nanometer  range  as  shown in
Figures  (3,4),  which  are  representative  figures  for  A-3
and B-3 vegetable butter samples. This realizes the
preparation  of  vegetable  butter  in the nanometer range
(1-100 nm).

CONCLUSION

This study has shown that blending and
intereserification  of  palm  olein  and  palm stearin
fractions  gave  suitable  blends  for  margarine
production.  Chemical   interesterification   is   an effective
way  to  modify  the  physical  properties  of  palm  olein
and stearin blends. Interesterification using NaOH:
glycerol:  H O  (1:2:3  w/w)  as  a  catalyst  gave  better2

results than using sodium methoxide catalyst regarding
the product stability, melting point, triglyceride structure
and solid fat content. Nanotechnology is the recent
approach in food fortification to enhance neutraceuticals
absorption and to increase bioavailability. Fortified
vegetable butter samples were managed to be prepared in
the nano-size form.

Future Studies: Some nano-fortified vegetable butter
samples will be applied in some food products and will be
studied from the nutritional point of view through rats’
nutrition experiments.
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