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Abstract
The present investigation is an attempt on synthesising iron oxide nanoparticles through greener mode using the petal 
extracts of Hibiscus rosa-sinensis and utilising them as fortificants in wheat biscuits. Ferric and ferrous chloride at a con-
centration of 0.025 M and at a ratio of 2:1 was used as the metal precursors and the extract was served as the reducing 
agent. Synthesised iron oxide nanoparticles were characterised using UV–visible spectroscopy, X-ray diffraction (XRD), 
FTIR spectroscopy and scanning electron microscopy (SEM). The analyses confirmed that the formed particles were nano 
sized and the crystallite size was found to be 6.16 nm through XRD studies. The formed nanoparticles were observed 
from SEM analysis to be spinel shaped with an average particle size of 65 nm. Biscuits were fortified with iron oxide nano-
particles which were later studied for physical and proximate analyses. The inductively coupled plasma optical emission 
spectroscopy studies revealed that the iron content was higher in fortified biscuits than that in control. Microbial analysis 
for 30 days indicated that the fortified biscuits could have a longer shelf life. In brief, the first report on use of iron oxide 
nanoparticles successfully suggested that their use as fortificants in food and could be prescribed for malnourished, iron 
deficit or anaemic patients.
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1 Introduction

Food fortification has been commercialized as a major 
technique to retard deficiency of certain vitamins like vita-
min A, vitamin B1 (thiamine), vitamin B2 (riboflavin) and 
vitamin B6 (niacin), iodine and iron [1]. Iron deficiency is 
the most common nutritional cause of anaemia in infants 
and women which is predominant in India. Iron deficiency 
can bring in harmful effect on learning and neural sys-
tems even with normal haemoglobin levels despite the 
confounding impact of socioeconomic factors. If iron defi-
ciency is not checked at infancy, it might lead to cognitive 

and behavioural disfunctioning in the later stages of life. 
Then a major part of the population would live with iron 
deficiency [2]. Commonly used iron fortificants are ferrous 
sulphate, ferrous fumarate, ferrous succinate, ferrous lac-
tate, ferrous gluconate, elemental iron, ferric ammonium 
citrate, sodium iron EDTA and ferric saccharate [1]. Iron for-
tification, in recent years, could be done by introducing 
iron and iron oxide nanoparticles in foodstuffs. Due to no 
change in character of fortified food, product stability and 
large bioavailability, they could also impart good health 
by increasing haemoglobin levels and nutrition [3–6]. Ice 
cream was enriched with alginate nanoparticles including 
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Fe and Zn salts [7]. In sausages, iron was fortified as iron 
oxide nanoparticles in the form of colorants; in USA, for 
people preferring packed foods consumed around 450 µg/
day [8]. Recent reports have revealed that food fortified 
using iron nanoparticles were safe through in vivo and 
invitro experiments [6].

Iron, especially iron oxide or magnetite  (Fe3O4), nano-
particles are one of the most significant set of inorganic 
nanoparticles due to their super paramagnetism and easy 
separation [9]. Particle size to nanoscale, when reduced, 
exhibit increase in absorption when utilised for fortifying 
foods [10]. Magnetic nanoparticles with the desired size 
and shape have remained a huge challenge for nanotech-
nologists [11]. Various progressive techniques like sol gel, 
sonochemical, thermolysis of precursors, hydrolysis, co 
precipitation, reverse micelles, hydrothermal and thermal 
decomposition have been used in iron oxide nanoparti-
cles [12]. Chemical synthesis has been the most common 
route for nanopreparations, especially the co precipita-
tion technique of iron salts. Due to major limitations in 
chemical route of synthesis like low dispersion in solvents, 
wider particle size distribution, difference in particle size 
uniformity causing aggregation of particles led to an 
immense interest in green synthesis using plants and 
other biological systems. The biological synthesis using 
inactivated plant tissue, plant extract [13], exudates [14] 
and other parts of living plants are certain modern alter-
natives. Hibiscus is widely used in India as an ornamental 
plant and as a medicine in Indian system. The plant is a 
potent antifungal agent and has anticancer activity. The 
leaves and flowers of Hibiscus rosa-sinensis are used as an 
antiseptic and antidiabetic [15]. Species of Hibiscus like 
syriacus and rosa-sinensis are large resources of phyto-
chemicals like flavanoids, phenolics and tannins, macro-
molecules like proteins, carbohydrates, trace elements, 
phosphorus, calcium and iron [16].

The present investigation is a study performed to assess 
the enhancement of iron concentration in wheat biscuits 
by fortifying with iron nanoparticles synthesized using 
the aqueous extract of the petals of Hibiscus rosa-sinensis. 
Scanty reports are available for fortification of foodstuff 
using iron and this is the first report on fortifying biscuits 
with iron oxide nanoparticles.

2  Methodology

2.1  Extract preparation

Hibiscus flowers were collected from a local flower mar-
ket, Chennai, Tamilnadu, India (13.0692° N, 80.1914° E). The 
petals were separated from stamens and calices and left 
to shade dry until they became brittle. The dried petals 

were ground in a blender to a fine powder which was col-
lected in an air tight container and stored at 4 °C for fur-
ther use and analysis. A quantity of 2 g of hibiscus petal 
powder was added to 100 mL of distilled water in a 250 mL 
Erlenmeyer flask and heated for 1 h at 60 °C. The mixture 
was filtered to remove debris using Whatmann No.1 filter 
paper. The filtrate was centrifuged at 7000 rpm for 15 min 
to remove fine debris. The prepared extract was then used 
as the reducing agent in nanoparticle synthesis.

2.2  Synthesis of iron oxide nanoparticles

Magnetite  (Fe3O4) nanoparticles were prepared using 
ferric chloride as the precursor and petal extract as the 
reducing agent. A volume of 100 mL of 25 mM precursor 
solution of ferric chloride and 25 mM of ferrous chloride 
solution at a ratio of 2:1 was taken in an Erlenmeyer flask 
and an equal volume of extract was added to the solu-
tion. The solution was mixed well for an hour at 200 rpm 
at room temperature for better reaction, though instan-
taneous precipitation could be observed. Then the solu-
tion was centrifuged at 7000 rpm for 15 min, the pellet 
obtained was suspended in water and centrifuged under 
same conditions. The process was repeated thrice to elimi-
nate impurities. The pellet was placed in a hot air oven at 
40 °C overnight to remove moisture and unwanted parti-
cles. The dried nanoparticle powder was placed for calci-
nation in a muffle furnace at 400 °C for 3 h. Nanoparticles 
were collected and weighed in a vial for further characteri-
sation and application studies.

2.3  Nanoparticle characterisation

2.3.1  UV visible spectral analysis

Preliminary confirmation of the synthesized  Fe3O4 nano-
particle was carried out using UV Vis Spectrophotometry 
(Model: G10S, Thermo Fisher Scientific Ltd., USA). The sam-
ple was scanned to find out the maximum absorbance at 
wavelength ranging between 200 and 700 nm.

2.3.2  Fourier transform infrared spectroscopy analysis

FTIR spectroscopy was performed to study the nature of 
surface adsorbents in nanoparticles. The technique was 
carried out by adding 0.5 mg of sample with 150 mg of 
KBr. The mixture was finally pressed into discs and intro-
duced into the sample holder to display the result as a 
spectrum with FTIR spectroscope scanning the samples at 
wavelength ranging between 8000 and 300 cm−1.
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2.3.3  X ray diffraction analysis

The crystalline size of the nanoparticle was determined using 
X-ray diffractometer (Xpert pro, Belgium). The size was calcu-
lated from the spectrum using Debye–Scherrer’s equation.

where D is the particle size of the nanoparticle, K is the 
shape factor, λ is the wavelength, θ is the Bragg’s angle and 
β is the line width (full width at half maximum) in radius.

2.3.4  Scanning electron microscopy and energy dispersive 
X‑ray analysis (EDAX)

Morphology of synthesized iron oxide nanoparticle was 
examined using scanning electron microscopy. Thin films of 
sample were coated on to a carbon tape and allowed to dry 
for 5 min. SEM images were obtained under 30000X magni-
fication. The SEM machine was operated at an accelerating 
voltage of 20 kV. To minimize the destruction of sample, low 
voltage was maintained. Elemental iron was checked for its 
presence using an EDAX attached to the SEM equipment.

2.4  Wheat biscuit preparation (control 
and fortified)

A quantity of 100 g of unsalted butter was added to 100 g 
of wheat flour. It was mixed well until the butter blended 
with the flour. Then 50 g of powdered sugar was added and 
mixed with the wheat flour mixture. The prepared dough 
was rolled evenly on the flour dusted rolling board. Round 
shaped pieces were made with biscuit cutter. The pieces were 
arranged on the butter coated tray. The biscuits were baked 
at 180 °C for 15 min. Control biscuits were made by the above 
procedure. In case of fortified biscuits, 50 mg of iron oxide 
nanoparticle was added during dough preparation.

2.5  Proximate analysis

Proximate analysis was carried out to check various contents 
namely moisture, ash, crude fibre, crude fat and crude pro-
tein in the fortified biscuits. From the obtained results, total 
carbohydrate was determined by difference [17] as follows,

2.5.1  Moisture content

A quantity of 5 g of both control and nanoparticle incor-
porated biscuits were placed in hot air oven at 130 °C for 
3 h and the percent moisture content was calculated thus,

D = (K�) ÷ (�Cos�)

Total carbohydrate = 100 −
(

%moisture + % protein

+ % fat + % ash + % crude fibre
)

.

where  w1 weight before drying,  w2 weight after drying.

2.5.2  Ash content

A quantity of 5 g of biscuits, each of control and nanoparti-
cle incorporated, were placed in a muffle furnace at 550 °C 
for 4 h. The ash obtained was cooled in a desiccator and 
weighed. The ash content was calculated using the below 
given formula as,

2.5.3  Crude fibre

A quantity of 2 g each of control and nanoparticle incor-
porated biscuits were placed in 20 mL of petroleum ether 
separately and heated for 30 min. Then the solvent was dis-
carded and the sample was dried at 40 °C for 10 min. The 
dried sample was boiled with 200 mL of 0.26 M  H2SO4 for 
30 min. Then it was filtered with muslin cloth and washed 
with boiled distilled water. The samples were again boiled 
with 200 mL of 0.3 M NaOH solution for 30 min. Then it was 
washed with 25 mL of 1.25%  H2SO4 solution, 50 mL of dis-
tilled water and 25 mL alcohol. The residue was removed 
and transferred to ashing dish (preweighed dish,  w1). The 
residue was then dried for 2 h at 130 ± 2 °C. It was cooled 
in a desiccator, weighed  (w2) and ignited at 600 ± 15 °C for 
30 min. It was then cooled and weighed  (w3) [18].

2.5.4  Crude fat

A quantity of 5 g of biscuit sample was placed in a thim-
ble which was inserted in a soxhlet extractor. A volume 
of 90 mL of petroleum ether was added to 150 mL round 
bottom flask. The extraction was performed for 6 h. The 
flask was placed in an oven at 102 °C and the contents 
were dried until a constant weight was reached (1–2 h).

where  w1 weight of empty flask (g),  w2 weight of flask and 
extracted fat (g), S Sample weight.

%Moisture content =
w

1
− w

2

w
1

× 100
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)
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2.5.5  Crude protein

Protein content was determined using Kjeldahl method. 
2 g of sample was weighed and placed in the Kjeldahl 
flask. 10 g of  Na2SO4, 0.2 g of  CuSO4 and 25 mL of  H2SO4 
were added to the flask and it was heated in fume 
hood. After complete digestion, the flasks were cooled 
and distilled water was added. To the flask containing 
digested sample, 50 mL of 50% NaOH was added, dis-
tilled and collected in 40 mL of 0.1 N  H2SO4 with 1 mL 
of methylene blue in a beaker. Titration was carried 
out against 0.1 N  H2SO4. The volume of acid used was 
recorded.

where N Normality of acid used, v volume of acid used, w 
weight of the sample.

2.6  Determination of physical properties

2.6.1  Texture analysis

The texture of control and fortified biscuit samples were 
analyzed using TA-XT2 texture analyzer (Stable Micro Sys-
tems Ltd, UK). The biscuit hardness or breaking force (g) 
and fracturability (mm) or distance were obtained from 
force time plotwhich was obtained by applying a measure-
ment speed of 2 mm/s and a distance of 5 mm.

2.6.2  Spread ratio

Spread is calculated as the ratio of diameter and height 
of wheat biscuits. Four biscuits were used for the study. 
Diameter in millimeter, was measured using vernier cal-
lipers by arranging them horizontally edge to edge and 
the average of each was used for calculation. Height 
was measured by arranging samples in two rows and 
the measurement was taken up for the study [17]. 
Weight of the biscuits was measured using a weighing 
balance and an average was considered for each set of 
samples.

2.7  Confirmation of iron content through ICP‑OES

The prepared standard and sample biscuits were ana-
lysed using Inductively Coupled Plasma Optical Emission 
Spectroscopy (ICP-OES) (Agilent, USA) for detection and 
confirmation of iron content at SGS Services, Chennai, 
Tamilnadu, India.

% Protein =
N × v × 14 × 6.25

w
× 100

2.8  Bacterial analysis

A microbial analysis was performed in order to check the 
shelf life of the prepared biscuits. Bacterial count was car-
ried out through pour plate technique. Three control and 
fortified biscuits each was wrapped in aluminium foil and 
placed in a corrugated paper box. Samples were taken for 
bacterial count on 1st, 3rd, 5th, 10th, 15th, 20th, 25th and 
30th days. One gram of each biscuit sample was taken and 
added to 100 mL of sterile nutrient broth, serially diluted, 
spread on sterile 2% nutrient agar plates and incubated 
for 24 h at 37 °C. The colony forming units (CFU/g) were 
calculated as the [(number of colonies × dilution factor)/
quantity of sample in grams].

3  Results and discussion

3.1  Nanoparticle characterisation

Iron oxide, magnetite  (Fe3O4), nanoparticles were synthe-
sised from the petal extracts of Hibiscus rosa-sinensis. Vari-
ous plants had been involved in the process of preparing 
magnetite in greener mode [19–21]. The petals were shade 
dried in order to protect the nutritive value of the plant 
part. In the present study, the color change of the pre-
cursor solution from red to black after adding the extract 
confirmed the reduction of metal salts to nanoparticles as 
seen in Fig. 1. The iron oxides are composed of Fe together 
with O and/or OH. The three main forms are magnetite 
 (Fe3O4), Hematite  (Fe2O4) and its oxidized form maghemite 
(γ-Fe2O3). Magnetite,  Fe3O4, is a black ferromagnetic con-
taining both Fe(II) and Fe(III). Magnetite particles’ magnetic 
properties depend strongly on the methods used in their 
synthesis. Hematite,  Fe2O4, is the oldest known iron oxide 
mineral and is widespread in rocks and soils. Its colour is 
blood red if finely divided and black or a sparkling grey if 
coarsely crystalline. Maghemite, γ-Fe2O4, is a red brown 
ferromagnetic mineral isostructural with magnetite, but 
with cation deficient site [22].

Fig. 1  Magnetite nanoparticle synthesis. a Dried hibiscus petals, 
inset: petal powder, b petal extract, nanoparticle solution as black 
precipitate and metal precursor solution, c calcined magnetite nan-
oparticles
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The exhibition of color by the precipitated magnetite 
nanoparticles was because of the excitation of molecules 
due to surface plasmon resonance (SPR). When the fre-
quency of the electromagnetic field remains coherent 
with the electric motion, it results in effective absorp-
tion. Formation and stability of iron oxide nanoparticles 
in aqueous colloidal solution was confirmed by using 
UV–Vis spectral analysis. As in Fig. 2, maximum absorb-
ance was found at 229 nm. After 500 nm, there was no 
absorption resulting in complete reduction and forma-
tion of iron oxide nanoparticles. The characteristic sur-
face Plasmon resonance band of  Fe3O4 occurs at wave-
length in the range of 190–250 nm [23].

FTIR was performed to detect the presence of functional 
moieties on the iron nanoparticles. Sample was scanned 
in the wavelength ranging between 8000 and 300 cm−1. 
Figure 3a illustrated the recorded spectrum of synthesized 
iron oxide nanoparticle. A normal OH stretch was denoted 
by an absorption band at 3434.77 cm−1. A short intense 
peak at 2939.45 cm−1 was observed for C–H methylene 
asymmetrical stretch (> CH2) and a peak for C–H methyl 
asymmetrical stretch (–CH3) was found at 2978.04 cm−1. 
An intense absorption peak at 1670.46 cm−1 denoted the 
presence of imino group. 1422.01 cm−1 peak attributed 
to sulphate moiety. –OH bend of phenol or tertiary alco-
hol was depicted by an intense peak at 1374.91 cm−1. A 
sharp absorption peak at 1298.41 cm−1 demonstrated OH 
group of primary or secondary alcohol. 1117.9 cm−1 illus-
trated the C–O–CN stretch and 818.02 cm−1 absorption 
peak showed –C–O– of epoxy groups. An S–S stretch of 
disulfides was observed at 617.83 cm−1 and that of poly-
sulfides was exhibited by a peak at 478.73 cm−1. The char-
acteristic sharp absorbance peak observed at 567.94 cm−1 
corresponded to Fe–O stretching vibration for  Fe3O4 nano-
particle in the sample [24]. The high frequency band rang-
ing from 540 to 575 cm−1 is a characteristic band of spinel 
ferrite [1-s2.0-S0926860X17304052].

The phase identification and crystalline structures 
of the nanoparticles were characterized by XRD as it is 
demonstrated in Fig. 3b. The average crystallite size was 
found to be 6.19 nm using Debye–Scherrer’s equation with 
Scherrer’s constant as 0.9. From the X-ray diffraction pat-
tern obtained, it was found that there existed diffraction 
peaks with 2θ values of 30° (220), 35.5°(311), 37.1° (222), 
43.4 (400), 54.1°(422), 62.47 (440), 57.5°(511) which were 
in consistence with the standard structure of magnetite 
(JCPDS Card No. 019-0629). The result corresponded to 
face cubic centered  Fe3O4-NPs which was in complete 
agreement with certain previous studies [25–30]. From 
Fig.  3b, it could also be noted that the particles were 
both crystalline, as noted by longer and intense diffrac-
tion peaks, and amorphous as random broad peaks were 
visualised.

The structure of the nanoparticles was determined 
by Scanning electron microscopy (SEM) analysis. Fig-
ure 4 revealed the structural nature of the synthesised 
particles. The synthesised crystalline nanoparticles with 
spinel shape (cubic crystal system) were with an approxi-
mate average particle size of 65  nm. Additionally, the 
particles exhibited no uniformity which might be due Fig. 2  UV visible spectrum of magnetite nanoparticle

Fig. 3  a FTIR spectrum, b XRD image of magnetite nanoparticle
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to aggregation of particles and usually occurred during 
biological synthesis. The size and shape of the nanoparti-
cle depended upon the nature and concentration of the 
reducing agents used [31].

3.2  Iron fortified wheat biscuits 
and characterisation

Wheat biscuits were prepared in two sets, one was kept as 
control without the addition of magnetite nanoparticles 
and the other was nanoparticle fortified biscuits (Fig. 5a, 
b). Biscuits were chosen for the present study as they could 
be easily prepared, cheap and convenient with large die-
tary supplements like iron, calcium, fibre, B-vitamins and 
could impart energy to the humans. Nanoparticles provide 
additional advantage to the biscuits by enhancing their 
nutritional value [32].

The physical characterisations of the prepared biscuits 
were successfully analysed. The spread ratio for the control 
biscuit was calculated to be 2.826 from the average diam-
eter of 52 mm and height of 18.4 mm. The spread ratio of 
fortified biscuits was found to be 2.781 as obtained using 
the average diameter as 52 mm and height as 18.7 mm. 
Spread ratio is generally used to determine the quality of 
flour for biscuit preparation and its ability to rise during 
baking [33]. The results indicated that there was no signifi-
cant difference in the spread ratios before and after adding 
nanoparticles, indicating that the iron oxide nanoparticle 
did not affect the physical properties of the product, hence 
it could be utilised for food fortification.

Texture profile analysis is a significant characterisation 
to study the quality of the prepared biscuits. Hardness 
is defined as the force required to break the biscuit and 
fracturability is the ability of the sample to revert back to 
its original form upon relaxing the force applied. Gener-
ally, the textures of the products rely upon the type and 
quality of the flour used, amount of ingredients utilised 

and protein content present in the raw materials [34]. Fig-
ure 6 illustrated the force versus time plots for the con-
trol and fortified biscuits from which the hardness (force) 
and fracturability (distance) could be calculated. The plots 
and values suggested that the fortified biscuits were more 
liable to break than control biscuits, which might be due to 
binding efficiency of iron oxide nanoparticles in the wheat 
flour which has to be investigated further. Nevertheless, 
the difference in values did not significantly affect the stor-
age and the wheat could be easily chewed.

3.3  Proximate composition of biscuits

Proximate characters such as moisture content, mineral 
content, protein content, crude fibre, and carbohydrate 
content were analysed for control wheat biscuits and for-
tified biscuits. Table 1 represented their proximate analy-
ses. The study demonstrated that there were no signifi-
cant changes in proximate characters of the biscuits due 
to fortification, nonetheless there is a slight increase in 

Fig. 4  SEM image of magnetite nanoparticles

Fig. 5  Prepared a control and b fortified biscuits

Fig. 6  Texture profile of control and fortified biscuits
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the overall chemical composition of the fortified biscuits 
denoting an apparent increment in chemical content of 
the biscuits.

3.4  Analysis of iron content

Inductively coupled plasma optical emission spectroscopy 
(ICP-OES) is specifically used for the detection of trace met-
als in any material. It is a type of emission spectroscopy 
that uses inductive coupled plasma, a type of plasma 
source in which energy is supplied by electric currents pro-
duced by electromagnetic radiations, to produce excited 
atoms and ions that emit electromagnetic radiations at 
wavelengths particular to the element to be tested. This 
analysis was therefore carried out to quantitatively analyze 
and confirm the presence of iron in both control and forti-
fied biscuits. The report (see Fig. 7) eventually indicated 
that the fortified biscuits contained 1.5 mg of iron/g and 
the control biscuits contained 0.039 mg of iron/g. The for-
tified biscuits showed significant increase in iron content 
when compared to the control.

3.5  Bacteriological analysis

The bacterial count was checked upon in order to check 
the duration of storage and shelf life of the biscuits. The 
bacteriological study was performed for a month; growth 
of culture was observed and calculated as CFU/g as shown 
in Table 2. The report indicated that the growth of bacteria 
was more and faster in control than that in magnetite forti-
fied biscuits. Growth was seen from  10th day in control bis-
cuits (2.2 × 103 CFU/g) which gradually increased until 30th 
day (4.1 × 104 CFU/g). On contrary, fortified biscuits were 
non-contaminated till 15th day whereas the biscuits with 
bacterial culture was found after 15 days, 1.4 × 103 CFU/g 
on 20th day and slightly increased to 2.5 × 103 CFU/g. The 
growth could be due to requirement of higher sterile con-
ditions after processing and better packaging methods. 
Iron oxide nanoparticles generally could act as antimi-
crobial agent which might have attributed to the delayed 
growth. The study suggested that the overall bacterial load 
was low in the biscuits and thus could have a long shelf 
life and stability.

4  Conclusion

The present investigation is on enhancing the iron con-
tent in wheat biscuits using iron oxide nanoparticles as 
food fortificants. Iron oxide nanoparticle synthesis from 
non-edible sources is of great interest for research as it 
does not compete with food crops. Iron oxide nanopar-
ticle was synthesised using flower petal extract of Hibis-
cus rosa-sinensis as a reducing agent. It was characterized 
through various techniques which confirmed that the 
particles were crystalline in nature, oblong and hexago-
nal shaped. The crystal size was determined to be 6.19 nm. 
The SEM analysis depicted nanoparticles in various shapes 
like octahedral, rhombic, spherical and oblong. Physical 

Table 1  Proximate composition of the control and fortified biscuits

Proximate characters (%) Control Fortified

Moisture content 7.2 7.6
Crude fibre 16.0 16.2
Crude protein 2.6 2.8
Crude fat 24.6 24.8
Ash content 1.4 1.1
Total carbohydrates 51.8 52.5

Fig. 7  ICP-OES spectrum of the biscuits prepared

Table 2  Bacterial analysis of prepared biscuits

CFU/g: colony forming units per gram of sample

Duration (days) Control (CFU/g) Fortified (CFU/g)

1 Nil Nil
3 Nil Nil
5 Nil Nil
7 Nil Nil
10 2.2 × 103 Nil
15 2.9 × 103 Nil
20 3.1 × 103 1.4 × 103

25 3.6 × 103 2.3 × 103

30 4.1 × 104 2.5 × 103
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and chemical composition analyses suggested that the 
fortification of biscuits did not interfere in the ICP-OES 
test report showed that the iron content of control and 
fortified biscuits as 0.039 mg/g and 1.5 mg/g. This study 
proved that iron oxide nanoparticles can be used as food 
fortificants. The biscuits were least contaminated that sug-
gested their longer storage capacity. Thus, future work has 
to be carried out to commercialize the product after com-
pleting clinical trials. Iron fortification could aid in enrich-
ing the immune response of the body as certain biscuits 
may contain less quantity of iron.
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