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ABSTRACT 
 

Flax seed oil (FO) has many dietary benefits, but have strong odours and are easily oxidized. The 
incorporation of flaxseed oil into products by the food industry has been limited due to its low oxidative stability 
caused by its high content of polyunsaturated fatty acids,  off-flavours and off-colours associated with lipid 
rancidity, and poor miscibility within aqueous-based products. β cyclodextrin (β -CD) a water-soluble polymer 
were used to encapsulate flaxseed oil in this study. Inclusion complexes between the flaxseed oil and β -CD 
were prepared by co-precipitation method using oil to β-cyclodextrin ratios of 5:95, 10:90, 15:85   and 20:80 
(w/w) to determine the effect of the ratio on the inclusion the efficiency of β –CD for trapping oil inside its 
cavities. Flaxseed oil was successfully complexed with β -CD by coprecipitation method with a 95.8% powder 
recovery for a starting ratio of oil to β -CD of 20:80. The composition of oil extracted from complex was not 
changed. Retention of oil was 94.77% for a starting ratio of oil to β -cyclodextrin of 10:90 (fresh weight basis). 
Maximum load of flaxseed oil 95.8 mg of oil/g of β –cyclodextrin was obtained at the ratio 20:80.  
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Introduction 
 

Over the past decade, there has been increased interest by the food industry to incorporate larger amounts of 
flaxseed oil into both human and animal diets based on their purported health promoting properties. These 
include, but are not limited to, reducing the risks for coronary heart disease, some types of cancers, neurological 
diseases and hormonal disorders (Lukaszewic et al., 2004; Coskuner & Karababa, 2007; El-Beltagi et al., 2007). 
However, the incorporation of flaxseed oil into products by the food industry has been limited due to its low 
oxidative stability caused by its high content of polyunsaturated fatty acids, off-flavours and off-colours 
associated with lipid rancidity, and poor miscibility within aqueous-based products. 

Flaxseed, which is also called linseed, is an important oilseed in the world (Wang et al., 2007).  Usually, 
flaxseed contains about 40% oil, 30% dietary fiber, 20% protein, 4% ash, and 6% moisture (Wang et al., 2008). 
Flaxseed is playing an important role in functional foods for its nutritional and pharmaceutical values. The 
nutritional components of flaxseed are oil, protein, lignans, soluble fiber, minerals and vitamin, etc. (Bloedon, & 
Szapary, 2004).  

Previous study has shown that 80% of breast cancer patients take complementary/alternative medicine 
including dietary supplements to treat their breast cancer and improve health    (Julie et al., 2010). Flaxseed [FS) 
is the third most commonly used supplement but it is not known whether components of FS, particularly a-
linolenic acid [ALA)-rich flaxseed oil (FO), interact adversely or beneficially with common breast cancer 
therapies. 

Flaxseed is known as the richest source of the n-3 fatty acid, alpha linolenic acid (ALA), which comprises 
approximately 55% of the total fatty acids and this percentage is 5.5 times higher than that in the next-highest 
sources (Wu et al., 2008). 

Encapsulation is defined as the process whereby solids, liquids, or gaseous materials are enclosed in small 
capsules which can be formulated of proteins, polysaccharides and/or lipid based materials (Champagne & 
Fustier, 2007; Lee & Ying, 2008; Augustin & Hemar, 2009; Kailasapathy, 2009; Fang & Bhandari, 2010). 
Encapsulation also provides a means to mask the taste and smell of the oils within food formulations to maintain 
the product’s sensory appeal and consumer satisfaction (Champagne & Fustier, 2007). A wide range of wall 
materials have been used to encapsulate edible oils, including polysaccharides (modified starch, gum Arabic 
(Tonon et al., 2012), gum Arabic and maltodextrin, (Carneiro et al., 2013) chitosan and maltodextrin 
(Klaypradit & Huang, 2008), alginate and chitosan (Li & McClements, 2011) and proteins whey (Tonon and co-
authors, 2012), soy (Kim et al., 1996), sodium caseinate and caesin (Kim et al., 1996; Drusch et al., 2012), pea 
(Pierucci et al., 2007) or in-combination whey protein-gum Arabic (Weinbreck et al., 2004), sodium caseinate-
maltodextrins and corn syrup solids (Hogan et al., 2001), gelatin-gum Arabic (Chang and co-workers, 2006). 
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Microencapsulation of oils in a polymeric matrix is an alternative that has been used by several researchers 
in order to protect unsaturated fatty acids against lipid oxidation, thus increasing their shelf life. Besides 
protecting oils against oxidative damage, it also offers the possibility of controlled release of lipophilic 
functional food ingredients and can be useful for supplementation of foods with polyunsaturated fatty acids 
(Choi et al., 2009).  

The structure of β -CD, which comprises a hydrophobic molecule within a hydrophobic cavity, is 
potentially valuable for encapsulation technologies in the chemical, pharmaceutical and food industries. β-CD-
mediated encapsulation involves a selective molecular combination between host and guest for the construction 
of super a molecular systems (Choi et al., 2009). 

Among, various oil encapsulation techniques, molecular inclusion in a β-cyclodextrin molecule is the most 
effective one (Hedges et al., 1995). Encapsulation with Cyclodextrins CDs leads to enhancing dissolution rate, 
membrane permeability and bioavailability of nutraceuticals of low solubility. Cyclodextrins have been widely 
used to prepare inclusion complexes to improve the stability and solubility, modify the release of drugs and turn 
liquid substances into stable powders (Goran and co-authors, 2010). Inclusion complexation of oil with β -
cyclodextrin has been applied to protect oil against oxidation, heat and light degradation, evaporation and 
moisture. This protection is due to the fact that the oil molecules are tightly held within the β -CD molecule. The 
interaction between β -CD (host) and oil molecules (guests) may involve total inclusion or association with only 
hydrophobic part of the molecule (Shaidi and Han, 1993). Moreover, β -CD improves shelf life of food products 
and mask or reduce undesired taste (Szente & Szejtli, 2004). Possibly the most important property of 
encapsulation is that β -CD increase the aqueous solubility of various sparingly soluble compounds. The overall 
goal of this research was to encapsulate flaxseed oil within β-cyclodextrin and studying the effect of using 
different ratios of β-cyclodextrin to flaxseed oil during the complexation process, using a co-precipitation 
method followed by freeze drying. 

 
Materials And Methods 

 
Flaxseed oil (FO) was used as core material obtained from cold pressed in National Research center 

laboratory with the following fatty acid composition: 5.42% C16:0, 2.7% C18:0, 25.36 C18:1and 66.52% 
C18:3. The wall materials used were β -Cyclodextrin was purchased from Waker-Chemie (Germany). Ethanol 
and hexane of reagent grade are employed in complexation and extraction processes, respectively. 
 
2.1. Complexation process  

 
A precipitation method was used to prepare the flaxseed oil: β - cyclodextrin complex (Goran and co-

authors, 2010). 25 grams of β - cyclodextrin was dissolved in 250 ml of an ethanol/water (1:2) mixture at 55°C 
(±2°) on a hot plate. A predetermined quantity of flaxseed oil dissolved in ethanol (10% w/v) was then slowly 
added to the warm β-CD solution. During addition of flaxseed oil solution, the β -cyclodextrin was continuously 
stirred. The following starting ratios of flaxseed oil to β -cyclodextrin were used: 5:95, 10:90, 15:85 and 20:80 
(w/w). The mixture was continuously stirred on the magnetic stirrer and the temperature maintained at 55°C. 
The mixture was stirred for another 4 h, without heating, while its temperature decreased spontaneously to 
25°C. The final solution was refrigerated overnight at 7°C. The cold precipitated material was recovered by 
vacuum filtration. The precipitate was dried in a convection oven at 50°C for 24 h. The powder was then 
allowed to air-dry at 25°C for an additional 24 h in order for the powder to reach its equilibrium moisture 
content and weighed after that. The amount of recovered powder (dry basis) was calculated in percentage by 
deducting its moisture content. The obtained complex was stored in airtight glass containers, at room 
temperature, prior to further analysis.  
 

The total recovery was calculated according to the following equation: 
 
Total recovery% = Recovered powder/Initial (β – CD) + FO x 100                       (1) 

 
2.2. Determination of moisture content: 

 
The moisture content of β – CD and FO powder was analyzed by drying a powder sample (1 g) in a vacuum 

oven at 70 oC for 24 h (AOAC,1990).  The moisture content of used β –CD was 8.8 % compared with that 
reported by Goran et al. (8.18 %). 

 
2.3. Surface oil extraction: 
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The flaxseed oil compounds adsorbed on the surface of the B-cyclodextrin was determined according to the 
method described elsewhere (Bae and Lee; 2008). Fifteen milliliters of hexane were added to 1.5 g of powder in 
a glass jar with a lid, which was shaken by hand for the extraction of free oil, during 2 minutes, at room 
temperature. The solvent mixture was filtered by Whatman filter paper No. 1 and the powder collected on the 
filter was rinsed three times with 20 ml of hexane. Then, the solvent was left to evaporate at room temperature 
and after at 60 0C, until constant weight. The non-encapsulated oil (surface oil) was determined by mass 
difference between the initial clean flask and that containing the extracted oil residue (Jafari et al., 2008).  
 
2.4. Total oil determination: 

 
The total oil, which includes both encapsulated oil (EO) and surface oil (SO), was using the soxhlet 

extraction unit (B-811, buchi Labortechnik AG, Swizerland). Accurately weighed microspheres (5g) were 
extracted using 180 ml hexane for 8h to ensure complete oil extraction .After extraction, the oil – exhausted 
powder was air – dried to constant weight 

 
Total oil (TO) = Original weight  Weight of Soxhlet extracted microspheres                                      (2) 

 
Actual loading (FO) content (g) = Total FO content (g)  determined free FO content (g)            (3)                             

 
Retention % = Actual loading FO content (g) / Total FO content (g) x 100                                  (4) 

 
2.5. Oil cold-extraction: 

 
With the aim of evaluating the microencapsulation process on the oil quality, a cold extraction was carried 

out from the microcapsules powder. For this purpose, a certain amount of microcapsules was weighted in a 
beaker and hexane was added until cover them  (Calvo and co-authors, 2011). The microcapsules solution was 
shaken for 1 h at room temperature to extract the oil (superficial and encapsulated oil). The solvent mixture was 
then filtered throughout a filter paper, and after that, the free oil was collected after hexane vacuum evaporation.  
 
2.6. Fatty acid composition: 

 
Fatty acid methyl ester (FAME) from the oil sample was prepared according to A.O.A.C Official Method 

991.39 (AOAC, 1990). The fatty acid composition was then analyzed by a gas chromatography (GC) (Hewlett 
Packard 5890 series II, Ramsey, MN) equipped with a flame ionization detector and a fused silica capillary 
(25m 0.2mm ID 0.33 mm) (J&W scientific, Alltech Associates Inc., Deerfield, IL). Operating conditions were 
as follows: temperatures-injection port 250 0C; detector temperature 270 0C; oven programmed from 70 to 240 
0C at 200C/min. Nitrogen was the carrier gas.  
 
Results And Discussion 

 
All of the treatments produced the powders of Pale yellow color, while as β –CD color powder is white. 

This difference in color is due to the interaction of the flaxseed oil within β –CD either as an inclusion of oil 
pigments into the β –CD cavity or adsorption on the powder surface. In the case of the 20:80 ratios, before the 
filtration of the powder, some droplets of oil were noticed on the surface of the solutions. This observation 
suggested that some of the flaxseed oil was not included into the β –CD molecules. These results were in 
agreement to the results obtained elsewhere (Goran and co-authors, 2010). 

 
Table 1: Recovery of flaxseed oil powder (complex) various FO to β – CD ratios. 

 
FO : β –CD  

 
Starting β –CD (g, db)* 

 
FO (g) 

 
β –CD + FO      (g, 
db) 

Recovered powder 
(complex) 
(g, db) 

 
Recovery 
(%) 

5:95 22.80 1.256 24.056 19.65 81.7 
10:90 22.72 2.523 25.243 20.75 82 
15:85 22.77 3.752 26.522 25.10 94.6 
20:80 22.76 5.04 27.780 26.61 95.8 

db* -   dry weight basis. 

 
Table 1 shows the recovery of the powder (at equilibrium state) at FO to β –CD ratios. It is evident that, the 

amount of the powder which recovered is less than the amount of flaxseed oil and β -cyclodextrin originally 
used. There was an increase in the recovered powder for the 15:85 and 20:80 treatments compared to the 5:95 
and 10:90 treatments. The material loss can be attributed to the FO and β–CD complex dissipation.                   
There are several factors which may contribute to the loss of the β –CD and complex powder is mainly assigned 
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to the solubility of β –CD in water (1.85% at room temperature) (Hedges and McBride, 1999) and loss of the FO 
was observed to be left in the solution after forming complex. 

Data listed in Table 2 revealed that increase in recovered amount of powder was proportional to the amount 
of FO added.  Therefore, the increase in recovered amount of powder may be due to decrease the solubility of β 
–CD co-crystallizing. Such a conclusion is supported by the results in Table 2 show that the amounts of co-
crystallized products are not much greater than that for the theoretical products in the case of the 15:85 and 
10:90 treatments. However, for the 15:85 and 20:80 treatments, there is a sizable increase in the amount of 
recovered product relative to theoretical amount of product. Clearly, at these greater concentrations of FO in the 
starting solution, the flaxseed oil is being included more strongly by the available β –CD is now at its least level. 

 
Table 2: Effect of complexation on co-crystallization of β –CD. 

FO: β -CD Theoretical 
crystallized (g/db) 

Oil used 
(g) 

Oil  + crystallized (g/db) Recovered powder 
(complex) 
(g, db) 

Difference 

5:95 18.30 1.256 19.556 19.65 + 0.094 
10:90 18.22 2.523 20.743 20.75 + 0.007 
15:85 18.27 3.752 22.022 25.10 + 3.078 
20:80 18.26 5.041 23.301 26.61 + 3.57 

Theoretical of co-crystallized β -CD: total amount of dry β -CD (22.8g) used minus its soluble amount in 250 ml of water (1.8 x 2.5 = 4. 5 
g). 

 
The inclusion efficiency is expressed as the amount of oil included in β –CD molecule (Total oil - the 

surface oil). Figure 1 shows the maximum oil load accrued at 15:85 and 20:80 ratio 95.9 mg /g β –CD). It 
should be stated that oil load (96.8 mg of oil/g β- CD) were reported elsewhere (Bhandari et al., 1998). The 
similarity demonstrates that 1g of β – CD has a molecular inclusion capacity of not more than 97 mg of oil. 
Further increase of oil load may cause an increase in the surface oil. This inclusion efficiency is in theoretical 
maximum loading for β – CD with oil of 8-12% (Pagington, 1986). Westing et al., (1988) stated that total oil 
content of orange oil – CD complexes prepared with initial oil content 10% was 8.2%, while as Szente and 
Szijtli (1988) reported that lemon oil content in the complex was 9.8%, which is in agreement to our result.  

 

 
 

Fig. 1: Effect of starting FO:  β –CD ratio onto FO load 
 
Figure 2 indicate that the retention of FO (Total oil extracted as percentage of the initial oil content of the 

FO used) reached a maximum retention 94.97% for the 10:90 treatment. The maximum retention of d-limonene, 
the predominant flavor compound of lemon oil was reported to be 95% when kneading d-limonene with mixture 
of β-CD and maltodextrin (Furuta et al., 1994). 

The amount of surface oil as determined by washing the powder with hexane ranged from 40 to 137 mg 
/100g of dried powder (Figure 3) .The highest amount of surface oil was found for the 20:80 treatments (137 mg 
/100g of dried powder).Westing et al., (1988) reported that the surface oil content for orange oil – cyclodextrin 
complexes, determined using soxhlet extraction with pentene, was 431 mg /100g of dried powder ,which much 
greater than the level found by us for oil-- β-CD complexes. In this regard, it should also be noted that the 
soxhlet method may extract higher amounts of oil than simply washing with a solvent. 

0

20

40

60

80

100

120

5/95 10/90 15/85 20/80

Fl
ax
se
e
d
 o
il 
lo
ad

 (
m
g/
g 
β
 –
C
D
)

Starting flaxseed oil: β –cyclodextrin ratio



2955 
J. Appl. Sci. Res., 9(4): 2951-2958, 2013 
 

 

 
 

Fig. 2: Total oil retention as a function of the initial FO:  β –CD ratio. 
 

 
 

Fig. 3: Surface oil as a function of the initial FO:  β –CD ratio. 
 
Flax seed oil contains a mixture of fatty acids (see Figure 4). It is rich in polyunsaturated fatty acids, 

particularly ALA \ Linolenic acid (C18:3 u-3) was the major fatty acid (66.52 g/100 g) followed by oleic 
(C18:1) (25.36 g/100 g %), palmitic (C16:0) 5.45 g/100 g and stearic  (C18:0) (2.70 g/100 g). The fatty acid 
composition of the flax oil was in agreement with the profiles previously reported by Bozan and Temelli (2002). 
There was no change in the u-3 fatty acid content due to the encapsulation process for β –cyclodextrin Because 
of the high content of this unique fatty acid. 
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