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Abstract :Iron is a vital metal for doing body essential activities. But reacting this metal with other nutrients or 

medicines can prevent iron effective absorption in body. One of the best ways for increased iron absorption is the 

encapsulation. This method min imizes iron interactions and maximizes its absorption. In the research for this 

objective achievement, Liposome used as nanoparticles cover, due to two-layer phospholipid structure and its 

similarity with cell membrane, low natural toxicity, b iocompatib ility and biodegradability; and Polyethylene glycol 

2000(PEG2000) due to increasing nanocapsules structure stability. Also Ferrous sulfate selected as nanoparticles core, 

due to increase in amount of absorption than other ferrous components and effective solubility in the water and the 

digestive system. Then nanocapsules were prepared by reverse-phase evaporation method  and were separated by 

Refrigerated Centrifuge(30 min, 4˚C, 14000 rpm) and were finally dried with Lyophilized-Edwards high vacuum 

devices(-20˚C). Physical structure stability, diameter and morphology of nanocapsules were respectively examined 

by zeta-sizer and Scanning Electron Microscope(SEM). Results showed, all synthetic nanocapsules had the spherical 

form, diameter about 300 nm and high stability to produce dietary supplementary tablet. In addition, amount of 

Encapsulation Efficiency (EE) and loading were respectively obtained 75.55% and 7.98%. As a result nanocapsules 

core will have the most physical stability and structure durability to release medicine in special part of the body. 

Also, this synthetic product will probably resolve apparent and organoleptic problems which are originated iron in 

most of the industries especially food and medicinal industries.  
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1. Introduction  

 

Nowadays more than half of the population in the world affected by minerals and vitamins deficiency. These 

compounds, with small doses and supplements form, are play ing an important role in persons general health. In the 

meantime iron as an essential metal is responsible for carry ing oxygen and controlling biochemical reactions in the 

body. Also this metal is one of the important factors for the synthesize DNA, Enzymes, Collagen etc. which is 

absorbed in the stomach and the beginning of bowel, after reduction and conversion of Fe
+3

 to Fe
+2

. But reduction 

process is disrupted by pH increase in the stomach and iron absorption is decreased in the bowel, thereupon iron 

deficiency anemia occurs. This disease is seen, as important health problem, at all ages and in all countries. For 

preventing this kind of anemia are used iron compounds such as Ferrous sulfate, Ferrous gluconate, Ferrous 

fumarate and Ferrous succinate. As respects these compounds, in the dietary supplementary form, can cause side 

effects (for many person) like stomach discomfort, constipation and the digestive system irritation; food enrichment 

process was introduced with iron. This method was began to prevent and control side effects of micronutrient 
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deficiency in 1831. Then Philippines enriched rice with vitamin B1 in 1947, New Zealand enriched wheat and maize 

flour with the iron, for decreasing iron deficiency anemia, in 1993  [1] and New Madrid area in Canada enriched 

flour with vitamin B1 and B2 in 1994 [2]. 

Although food enrichment, with micronutrients , was effective method to compensate decrease of various nutrients in 

the body; but this process caused color and taste changes of food [3]. Therefore new technology of 

microencapsulation was proposed. Encapsulation includes entrapment of pharmaceutical, enzymes, micronutrients 

etc. in s mall capsules and its protection against physical and chemical factors such as moisture, heat and probable 

reaction [4]. Thus, iron encapsulation would be potentially help  to overcome an important and basic challenges in 

the food enrichment or dietary supplementary tablet production. Also this method could reduce iron interactions 

with other components and its unwanted changes [5]. 

Encapsulation is the result of thousands of techniques and thoughts. Components are encapsulated to fall into the 

trap, in the capsule wall for a specific time , and release in a specific point of the body. First time, encapsulation was 

examined by Mr L.Sch icieher and B.K.Green in 1930 [6] and was used for Pressure- Sensitive covers in 1950 [8-9]. 

Han and Shahidi proposed a good overview, for components capsulation and their application in food and medicinal 

industries, in 1993 [10]. Also, Zimmermann used the encapsulated Ferrous Sulfate and Ferric Pyrophosphate salts  in 

cereals, in  2003 and 2004 [11, 12]. Nowadays, Chile and Argentina enriches milk with encapsulated iron and ferrous 

compounds [12-14]. 

Various covers are used in encapsulation process to protect nanoparticles core. In the meantime, Liposome is taken 

into consideration due to low natural toxicity and biocompatibility with body [15]. Those are phospholipid vesicles 

of two layers which are not eliminated by the immune system due to its similarity to the structure of cell membrane, 

as a result liposome will be effective for encapsulation process. Actually, the aim of this research is the using 

encapsulation techniques for ferrous salt (Ferrous sulfate) and producing iron nanocapsules to decrease its 

interactions in food and supplements tablet and obviation of iron deficiency anemia. Therefore Ferrous  sulfate as the 

nanoparticles core, Liposome as capsules cover and Polyethylene glycol 2000 (PEG2000) for nanoparticles physical 

stability were used in the structure of nanocapsules . afterward stability, morphology and diameter of liposomal 

nanocapsules were studied to use in various industries such as food and pharmaceutical  industries. 

 

2. Material and Methods  

 

Ferrous sulfate powder was purchased Serva Heidelberg- New York company, Phosphate Buffered Saline (PBS) 

pH=7.3 provided in Department of Pilot nano-bio technology- Pasteur institute of Iran, Polyethylene glycol 2000, 

Ethanol (96%), Cholesterol and Lecithin (phosphatidylcholine) were purchased from Merck Darmstadt Germany 

company. In this research was used Rotary evaporation (RV 10 Dig ital Rotary Evaporator IKA Company- 

Germany) to evaporate ethanol, zeta sizer (HSA3000 model- Malvern company) to measure diameter and structure 

stability of nanoparticles and Scanning Electron Microscope (JEOL JSM-840 -SEM) to examine nanocapsules 

morphology. 

 

3. Theory  

 

3.1. Samples Preparation 

 

3.1.1. Preparation of empty liposomes: 

100 mg Lecithin, 10 mg Cholesterol, 10 mg  PEG2000
1
 were dissolved in 40 ml Ethanol. The solution was situated on 

Stirrer for 24 hours. Then, ethanol was evaporated by Rotary Evaporation in 40˚C, 30 min and Reverse-Phase 

Evaporation (REV) method. 

 

3.1.2. Preparation of liposomes containing ferrous sulfate: 

100 mg Lecithin, 10 mg Cholesterol, 10 mg  PEG2000, 10 mg Ferrous sulfate were dissolved in 40 ml Ethanol. This 

solution was situated on Stirrer for 48 hours. In next  step, ethanol was evaporated by Rotary evaporation in 40̊C, 40 

min and REV
2
 method. 

                                                                 
1
 Polyethylene glycol 2000 

2
 Reverse-Phase Evaporation 
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 Afterward, 15 ml Buffered Saline (PBS)   were added to above-mentioned solutions. those were situated on stirrer ( 

15 min) and  bath-sonication(10 min), for the better penetration, dispersion and compressibility of part icles. 

 

3.2. Separation and abs orption determination of nanocapsules: 

 

Ferrous sulfate which was provided according to above method, situated on Refrigerated Centrifuge(GRX-220 

model- Tomy) for 30 min, 4˚C
 
 and 14000 rpm. Then supernatants amount of absorption was measured by atomic 

absorption (GBC932AA model, Australia) in 248.3 nm.  

 

4. Results 

 

4.1. Preparation of standard solution and plotting standard curves 

 

40 mg Ferrous sulfate powder were dissolved in 20 ml PBS. The mentioned solution was diluted six times and their 

absorption were measured by atomic absorption in 248.3 nm and standard curves was plotted by Excel software to 

calculate the standard equations, Encapsulation Efficiency (%EE) and Loading. Result is shown in figure.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: standard curves and standard equations for diluted solution according to concentration(ppm)- amount of 

absorption 

 

 

4.2. Zeta Potential (ζ-potential) measurement  

 

For tow solutions (Ferrous sulfate and control), amount of absorption were measured by Spectrophotometer (in 630 

nm). Then samples were situated on zeta sizer to determine zeta potential (ζ-potential), nanoparticles diameter, 

nano-liposomes physical stability and structure durability. results are showed  in Table 1 and figure 2.  

 

Table. 1: Amount of Zeta Potential (ζ-potential) 

ferrous sulfate liposomes and 

PEG2000 in structure 

Empty liposomes and PEG2000 

in structure  

Nanocapsules 
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-21.098 -17.8 ζ-potential 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 2: (A) is showing diameter of control sample  (empty liposomes) and (C) is showing diameter of ferrous 

sulfate sample (ferrous sulfate liposomes) 

 

 

 

4.3. Determination of nanocapsules morphology   

 

Nanocapsules which were ejected from centrifuge, were dried  by Lyophilized-Edwards high vacuum 

devices(P.2.T.S model ) in -20 ̊ C and their morphology were examined by Scanning Electron Microscopy (SEM). 

Results of this study are showed in figure 3. 
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Figure 3:  (A) is showing morphology of empty liposomes  and (B) is showing morphology of ferrous sulfate 

liposomes 

 

 

4.4. method of Encapsulation Efficiency and Loading measurement:  

 

Encapsulation Efficiency and Loading were calculated according to the following equations. 

 

%Encapsulation Efficiency =                                                                                                        (1)                                               

 

% Loading =                                                                                                                    (2) 

 

Actually, amount of encapsulation efficiency is iron encapsulated in liposomes to total iron in liposomes and amount 

of loading is iron entrapped to total components. 

Based on these two equations, amount of Encapsulation Efficiency (%EE) and loading were respectively calculated 

75.55% and 7.98%  

 

5. Discussion  

 

Iron is a vital micronutrient for the body and its deficiency could cause iron deficiency anemia. The main reasons of 

this disease are attributed to use insufficient of iron (poor utilization of iron), its inadequate absorption, or both 

causes [16]. So far, the different methods have been proposed to overcome iron deficiency diseases such as diet 

modification, using dietary supplements, foods enrichment (adding micronutrients to foods). Also many researches 

have been done for encapsulation of iron salts and their bioavailab ility, in different countries. Nowadays micro-

encapsulation is used in the food industry (to maintain flavor, foods durability) and the pharmaceutical industry (to 

release medicine in special part of the body).  Since the prevalence of iron deficiency anemia is high, in developing 

countries and in Iran, in this study was used encapsulation method to create nano-sized capsules (for enrichment of 

food and medicines) and their applicat ion in supplement tablet for batter absorption of iron. 

To achieve this aim, the liposome (above method) was used as the nanoparticles cover, for the first time. Because 

liposomes as carriers of nutrients, have an important advantage which is  compatible with the body (due to the 

similarity of liposome two-layered structure with the cell membrane) and Ferrous sulfate selected as nanoparticles 

core, due to increase in amount of absorption than other ferrous components and effective solubility in the water and 

the digestive system. 

  

6. Conclusion  

 

In this study is used phosphate buffer to dissolve the compounds and polyethylene glycol 2000 (instead of Tween80) 

and cholesterol for the physical stability and structure durability of nanocapsules . Nano-liposomal carriers which 

were p roduced in this research, had optimal d iameter (about 300nm), stability structure and amount of encapsulation 
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efficiency (%EE) and loading respectively 75.55% and 7.98%. Thus, these will be effective in food enrichment or 

production of pharmaceutical supplements. 
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