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Abstract

Biscuits are favored products for people of different ages world-wide due to its high-energy foods, long shelf-life, and easy
absorption. This study aimed to evaluate the fortified biscuit with iron nanoparticles (Fe203-NPs) as novel approach to overcome
iron deficiency anemia (IDA) disease. In preliminary experiments, we utilized 4 groups of albino rats as follows; negative group
(G1; control), positive group (G2), treated anemic group (G3), and untreated anemic group (G4). The SEM, XRD,
histopathological, and hematology tests were performed. The results revealed that the Fe2Os-NPs was at 49.5+5 nm,
homogenous, and purity. Fortified biscuits with Fe203-NPs increased the iron level (289+1.0 mg/dL), red blood counts (9.1+0.2
10?/L), and hemoglobin (18+0.25 g/dL) in the G3 compared to other groups. Histological examination showed that no
significant effects on the spleen, kidney, and liver. Results demonstrated that the fortified biscuit with Fe203-NPs (10 ppm) at

49.5+5 nm is more effective in IDA treatment.
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1. Introduction

Iron deficiency anemia (IDA) is one of the most
wide-spread pathological states common nutritional
deficiency health disorders, and social problems for
children, elderly, and women [1-2]. According to
WHO reported that the prevalence of IDA is 8% of
preschool children, 15% of pregnant women and 12%
of non-pregnant women, and 5% of men while, in
Egypt, there are 31% of preschool children, 22% of
pregnant, and 28% of women [3]. The IDA happens
due to some factors i.e. (i) decrease in iron daily intake,
(ii) malabsorption of iron, and (iii) increased demand
for iron [4]. Recently, the IDA has been linked with
infection with coronavirus disease (COVID-19).

Nowadays, COVID-19 is common pathogens
disease caused by SARS-COV?2, it is world-wide
spread from Wuhan, China [5-6]. COVID-19
pandemic infects the immune system, hemoglobin,
and red blood counts [7]. According to the recent
reports, the COVID-19 reduces heme-iron and
hemoglobin metabolism in humans based on some
mechanisms as follows (i) linking the beta-chains on
glycoproteins surface and desaturate it [8]. (ii)
Produces mimicry hepcidin which links with

ferroportin  which  decreases iron absorption,
metabolism ultimately, and ferroptosis
hyperferritinemia [8]. WHO estimated globally illness
patients by COVID-19 over than 129 million and 2.81
million deaths cases, while in Egypt about 202,699
illness cases and 12,025 deaths cases, [9].

Iron is considered an important dietary and health
element in humans such as O transport, DNA, red
blood cells and hemoglobin synthesis, ATP
production, steroid synthesis, and electron transport
[10-11]. One study by [12] recommended the daily
intake of iron for the human body is 10 - 15 mg and
the absorption ratio 30:35%. The ferric (Fe Il1) irons
are absorbed in enterocytes by metal transporter 1
(DMT1) and convert to ferrous (Fe I1) by cytochrome
b and duodenal [13]. Heme-iron carried into
enterocytes and degraded by heme oxygenase-1 (HO-
1) [14] to Fe (II) [15]. Hephaestin oxidized Fe (I) to
Fe (I11) resulting Fe (11) ions bounded to transferrin
serum [15]. There are various traditional oral iron salts
i.e. iron sulfate and iron fumarate, however, it takes a
long time to store iron, low absorption in the body, and
gastrointestinal bad effects [16-17]. The strategy for
increasing the iron absorption changes the iron shape,
size, and coated it with other materials such as organic
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acids [18]. Nanotechnology is offering new
opportunities for innovative functional and safe foods
for humans and protect them from diseases [19].
Nanotechnology was increased nutrients
bioavailability, great efficiency, low side effects, and
high absorption, so its need to lower doses compared
with traditional drugs [20-21]

The fortified foods enriched with iron very
important to meet the daily dose of iron requirements
and enhance the iron role in the body especially for
preschool children, pregnant, and elderly [22]. Biscuit
is the most common cereal product among the people
around the world [23]. That is revert to different
sensory parameters, low cost, high nutrition, easy
absorption, and long shelf life [24].

The recent investigations presented iron oxide
nanoparticles (27 ppm) at 6.22-9.7 and 64-68 nm,
respectively for 8 weeks were increased the levels of
red blood counts, hemoglobin, mean cell volume,
mean cell hemoglobin concentration, and iron in
anemic albino rats induced by lead acetate [25].
Another research estimated the supplementation of
nano-iron oxide at 6 mg for 23 days showed no bad
effects and toxic on the organs, improved the
hematology and serum analysis [26].

All scientists worldwide do their best to improve
and develop the traditional food products for IDA
treatment. At the same time, the nutrition researchers
try very hard to find a functional food to increase the
iron level in blood and treatment the IDA. This study
was aimed to (i) produce and evaluate fortified biscuit
with nano-iron, and (ii) study the effects of functional
biscuit on hematology, histopathological analysis, and
growth performance.

2. Materials and Methods

2.1. Raw materials and chemicals

Iron chloride, sodium bicarbonate, ascorbic acid,
and phenylhydrazine were purchased from EI-Nasser
Company, Cairo, Egypt. The basal diet ingredients
(starch 67%, casein 15%, corn oil 7%, cellulose 5%,
minerals 4%, and vitamins 2%,) were supplied from
Egypt Lab Company, Cairo, Egypt. Raw chocolate and
butter were purchased from the local market at Benha,
Qaluobia, Egypt. Wheat flour 72%, sugar, skim milk
powder, baking powder, vanilla powder, salt,
margarine, and eggs were purchased from the local
market at Benha, Qaluobia, Egypt.

2.2. Preparation of iron oxide nanoparticles
(F8203-NPS)

Iron oxide nanoparticle was prepared according to
the method described by (Salah and Regheb 2016),
[27]. Briefly, iron chloride (0.549/15 mL; w/v) and
sodium carbonate (0.69/10 mL; w/v) were dissolved in
distilled water. The solutions were mixed for 15 min
at 1000 rpm/min till brown color appearance. Ascorbic
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acid (0.12 g) was added directly with stirring for 15
min at 1000 rpm/min and the brown color turn into
black color. The solution was put in the oven at 160°C
for 3 hand centrifuged for 5 min at 2500 rpm/min. Iron
nanoparticles were put in the oven at 60°C to dry and
kept in a dark glass bottle till used.

2.3. Analytical characterization of iron oxide
nanoparticles (Fe2O3-NPs)

2.3.1 X- Ray diffraction (XRD)

The X-ray diffraction (XRD) of Fe;O3-NPs was
measured using X-ray diffractometer (Rigaku D/Max-
B, Tokyo, Japan) according to [28]. The samples were
put onto a glass slide and the spectra were recorded
using Cu radiation (wavelength of 0.1541 nm) and a
nickel monochromator filtering wave at 40 kV and 30
mA. The average crystallite size of Fe;Os-NPs was

. . . . kA
estimated using Scherer's equation D = Feosd [29].

Where D is the particle size, k is a constant equal 0.9,
A is the X-ray beam wavelength (1.54 &), g is the full
width at half maximum and 6 is the center of the
diffraction peak.

2.3.2. Scanning electron microscope (SEM)

The SEM of Fe;O3-NPs was measured (JSM-6510-
LA Ja, Japan) according to [30]. The powder was put
onto aluminum specimen stubs using double-stick
carbon tabs and plated by palladium/gold on an ion
sputter coated for 45 s at 20 mA. The powder was
checked using an accelerating beam at a voltage of 1.5
kV. Magnifications of SEM at 40,000 and 60,000 were
used.

2.3. Preparation of fortified biscuit

The biscuit coated with chocolate including Fe,Os-
NPs was prepared according to the method described
by [24] with slight modifications. In brief, the dry
components i.e. (wheat flour 220g, sugar 50g, dried
milk 25g, baking powder 1.5g, vanilla 1g, and salt
1.5g) were mixed for 90 s. The wet ingredients i.e.
(water 15 mL, margarine 80g, and eggs 20g) mixed
and added to the previous dry dough and blend for 3
min. The dough spread, formed, cut at the size 40 mm,
and backed at 180°C for 30 min and cooled at 25+1°C
for 60 min. Raw chocolate and butter were melted
together at 40°C, and Fe,O3-NPs at (10 ppm / 20g
biscuit) were added directly to the previous solution
and stirred at 1500 rpm/min for 15 min. The chocolate
included Fe;O3-NPs used to coat the biscuit at 9 mm
thickness and solid at 5+1°C for 100 min and packaged
in polyethylene till utilized in feeding experiments.

2.4. Chemical analysis and sensory evaluation of
fortified biscuit with nano-iron

The chemical analysis of fortified biscuit i.e.
carbohydrate, protein, moisture, fiber, fat, and ash
contents were determined according to the methods
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described by [31]. The sensory properties of fortified
biscuit were evaluated by 10 expert panelists at Food
Technology Dept., Fac. of Agric., Benha Uni., Egypt.
Panelists evaluated the biscuit parameters included all
over acceptance, appearance, color, odor, and texture
using a 5-point hedonic scale (1=extremely disliked;
5=extremely liked) according to [23].

2.5. Biological experiments

The design of biological experiment

Albino male rats at 6 weeks old were obtained from
Animal House, Agricultural Research Center (ARC),
Giza, Egypt. Rats were adapted for 4 days, split into 4
groups (6 rats/group), kept in filter-top polycarbonate
cages at 28+1°C, 50-70% RH, 12 h light:12 h dark, and
the room free of any contamination source. Rats in
different groups were fed on 20 g daily and drunk
distilled water for 6 weeks as shown in Table (1).
Twenty four male albino rats at 6 weeks old (6 rats
/group) were utilized in this research as follow; group
fed on the biscuit with chocolate (G1), group fed on
basal diet (G2), treated anemic group fed on biscuit
coated with chocolate incorporated with nano-iron
(G3), and the untreated group fed on basal diet free of
iron element (G4) to determine the influence of
functional biscuit with Fe;O3-NPs on the iron level in
blood and improve iron deficiency anemia (IDA). As
well, the serum and hematology analyses,
measurement of the growth rate, and histopathological
analysis were done.

Table 1: Design of biological experiment to evaluate the
effect of fortified biscuit with nano-iron (Fe203-NPs) on
iron level in albino rats

(G1) (G2) (G3) (G4)

Casein (g) 51 15 5.1 5.1
8.2 8.2
Salt mixture (g) 8.2 4 Free of Free of
iron iron
Vitamin 36 2 36 36
mixture (g)
Cellulose (9) 4.5 5 4.5 4.5
Corn oil (9) - 7 - -
Starch (g) - 67 - -
Biscuit coated
with chocolate 79 - 79 79
@
Iron OX|d_e 50
nanoparticles - - m -
(ppm) PP

2.5.1. Inducing anemia in albino rats

Anemia was induced by venoclysis in rat tails for
4 days at a concentration of 10 mg/kg using melted
phenyl hydrazine in sterilized normal saline for groups
(3 and 4) according to [32].
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2.5.2. Effect of biscuit enriched with nano-iron on
growth performance

The body gain weight of rats was evaluated
according to [33]. The weight gain of rats measured
according to the following equation; (WBG)=[(FBW-
IBW)/IBW] %100, where WBG is weight body gain,
FBW is final body weight, and IBW is initial body
weight.

2.5.3. Serum and hematology analyses

The blood samples were gathered and tested at the
start, mid, and the end of the biological experiment (6
weeks). Cell blood counts (CBCs), total iron-binding
capacity (TIBC), transferrin, total iron, total protein,
sodium, potassium, reticulocyte counts, and y -
glutamyl transferase (GGT) were determined
according to [32; 34-36]

2.5.4. Kidney and liver functions

Uric acid, urea, and creatinine were tested by the
kit colorimetric enzyme assay according to [37].
Alkaline phosphatase (ALP), total bilirubin, albumin,
glutamic pyruvic transaminase (GPT), and glutamic
oxaloacetic transaminase (GOT) were done in serum
according to [38].

2.6. Histopathological examination of albino rats

Histopathological examination of rat's organ was
prepared at Oncology Hospital, Tanta, Egypt. Rats
were sacrificed at the end of the designated period.
Liver, spleen, and kidneys were removed from each
animal and immersion-fixed in 10 % formalin solution
at room temperature 25+1°C for 12 h. Serial dilutions
of methyl alcohol were used. Specimens were cleared
in xylene embedded in paraffin at 56°C in a hot air
oven for 24 h. Paraffin bees wax tissue blocks were
prepared for sectioning at 4-micron thickness by slide
microtome. The obtained tissue sections were
collected on glass slides, deparaffinized, stained by
hematoxylin and eosin (H & E), and subsequently
processed for histopathological examination under the
light microscope (Leica DM1000, Germany) as
reported by [34].

2.7. Statistical analysis

The results were statistically analyzed using
ANOVA one-way with a significate value of (p<0.05)
by SPSS software, var. 18 (IBM; Armonk, N.Y.,
U.S.A). Results were investigated as a completely
randomized design according to [39].

3. Results

3.1. Characterization of iron oxide nanoparticles
(FEQOs-NPS)

3.1.1. X-ray diffraction (XRD)

Iron oxide nanoparticles (Fe2Os-NPs) were
measured by XRD to determine the crystallite size and
the purity of the powder. As shown in (Figure 1 a) the
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XRD pattern of dry Fe.O3-NPs powder was high
purity, clear and broad peaks. The XRD pattern fits
well with a brownish-black pyramidal crystal structure
and the average crystal (diameter). The width of the
peak matched with the small size of Fe,Os-NPs.
Therefore, the results of XRD characterization
concluded the crystallite size 49+5 nm.

Fe:0:-NPs

I{a. u)

("2Theta)

Fig. (1 a): X-ray diffraction (XRD) of iron oxide
nanoparticles (Fe203-NPs).

3.1.2. Scanning electron microscope (SEM)

Figure (1 b) presented Fe,Os-NPs morphological
characteristics. The size was evaluated by Imagel
program software.

x15,000  1pm

Fig. (1 b): Scanning electron microscope (SEM) of iron
oxide nanoparticles (Fe20s-NPs).

3.2. Chemical analysis and sensory evaluation of
fortified biscuit with nano-iron

The main cause to choose biscuit back to enrich
with nutritional elements, prefer to children and
elderly, and easy absorption. Table (2) showed that
fortified biscuit has highly nutritive value i.e.
carbohydrate (62.5+0.2g), protein (9+0.3g), fat
(17+0.179), fiber (4.5+0.31g), moisture (5.2+0.29),
ash (1.8+0.16g), iron (12.01+0.1mg), calcium
(15.30+0.10mg), and sodium (66.48+ 0.11mg). Also,
the sensorial evaluation was evaluated, and the results
demonstrated there were non-significant differences
(p>0.05) between the fortified biscuit coated with
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chocolate incorporated Fe,O3-NPs samples as
illustrated in Table (2). These data are similar to those
illustrated by [24; 40]

Table 2 Chemical composition and sensorial evaluation
of biscuit coated with chocolate with/free of nano-iron
(per g/100g) on dry weight basis.

Values

Biscuit coated

Quality attributes Blscwt_ with chocolate
coated with . X
chocolate enrlcheq with
nano-iron
Carbohydrate(g) 62.2+0.182 62.5+0.22
Fat (9) 17+0.18° 17+0.17°
Protein (g) 9+0.192 9+0.3%
Moisture (g) 5.8+0.12 5.2+0.2°
Fiber (g) 4540218 45+0.31%
Ash () 1.5+0.12° 1.8+0.16°
Iron (mg) 1.68+0.03° 12.01+0.1°
Sodium (mg) 62.68+ 0.11° 66.48+0.11°
Calcium (mg) 12.10+ 0.10>  15.30+0.102
Sensorial
Values
parameters
Texture 5+0.162 5+0.12
Appearance 4+0.12° 45+0.21 a
Odor 5+0.21°2 4.8+0.16"
Color 4.5+0.12°2 4.3+0.3"°
All over 4.5+0.1° 6+0.122
acceptance

3.3. Hematology analysis and growth evaluation

3.3.1. Effect of fortified biscuit with nano-iron on
growth performance

The weight of albino rats was done every week. G4
was a low weight gain rate during the feeding of the
experiment period compared with other groups as
shown in Figure (2).
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Body gain weight of albino rats per %

250

195 190 204
200 162

141
150 134 138 137

100
45.52 37.68 48.91
50 14.89
0
Gl G2 G3 G4
Initial body

weight (zero time) 134 138 137 141

Final body weight
after (6 weeks)

Body weight gain
%

195 190 204 162

4552 37.68 4891 14.89

3.3.2. Cell blood counts (CBCs)

Cell blood counts (CBCs) included e.g. red blood
counts (RBCs), white blood counts (WBCs),
hemoglobin (Hb), mean cell volume (MCV), mean
cell hemoglobin (MCH), mean cell hemoglobin
concentration (MCHC), and platelets count (PLTS)
were determined. As shown in Table (3), the RBCs,
WBCs, Hb, MCV, MCH, MCHC, and PLTs were
almost stable values in groups land 2 during the

The serum analyses such as total iron capacity
(TIBC), transferrin (Tf), total iron (TI), total protein
(TP), sodium (Na), potassium (K), reticulocyte counts
(RCs), and y -glutamyl transferase (GGT) were
determined, in Table (4). The obtained results showed
that, in groups (G1, G2, and G3) the TIBC and
transferrin nearly to the normal values during the
feeding experiments period. While, there were
gradually increasing levels of TIBC, Tf, RCs, and
GGT increasing during the feeding experiments period
in G4. The normal values are 240:450 mcg/dL, 40:45
mcg/dL, 60:170 mcg/dL, 6:8.3 g/L, 134:145 mEq/L,
5.1:6.0 mEg/L, 2:6x10%L, and 9:48 U/L The elevated
level referred to highly iron deficiency anemia due to
the non-availability of iron absorption. On the other
side, TI, TP, Na, K values were gradually elevated in
Gl1, G2, and G3 during the feeding experiments
period, while there were gradually levels decreasing in
G4.

3.3.4. Kidney function parameters

The kidney functions such as urea, uric acid, and
creatinine were evaluated. In Table (5) the results
showed that there were significant differences between
G4 and other groups. Moreover, there were a gradual
increase in urea, uric acid, and creatinine values in G4
compared to other groups. The normal values of these

feeding experiment periods. While, these parameters
were increased gradually till become at normal levels
during the feeding period in group 3. The normal
levels of these parameters are 4.3:5.9 x 10%/L,
4.5:11.0 x 10%L, 12.0:16.0 g/dL, 80:100 fl, 25.4 :34.6
pg, 31:36 g/dL, and 150:400 x 10°/L, respectively. On
the other hand, these parameters were less level in G4.

3.3.3. Serum analyses determination in albino rats

parameters are 35:50 mg/dL, 3.4:7.0 mg/dL and
0.6:1.2 mg/dL.

3.3.5. Liver function parameters

The liver functions i.e. albumin, Alkaline
phosphatase (ALP), glutamic oxaloacetic
transaminase (GOT or ALT), glutamic pyruvic
transaminase (GPT or AST), and total bilirubin were
determined. Table (6) illustrated that, in G4 there was
an increasing value of albumin, ALP, GOT, GPT, and
total bilirubin compared with other groups (1, 2, and
3) during the experiments period. The normal levels
were 3.5:5.0 g/dL, 45:115 UJ/L, 7:55 U/L, 8:48 U/L,
and 0.1:1.2 mg/dL.

3.4. Histopathological examination

3.4.1. Effect of fortified biscuit and basal diet on
rats

There are no histopathological changes were
observed in the examined organs of G1 and G2 as
shown in Figure (3 a, b, ¢). The liver showed normal
histological appearance of hepatic blood vessels with
occasional mild activation of Kupffer cells and
hepatocytes. As well, the kidney revealed normal
histological criteria of glomeruli and renal convoluted
tubules. In addition, the spleen exhibited normal white
and red pulp with occasional hyperplasia and
activation of reticuloendothelial cells of white pulp.

Table 3: Cell blood counts determination of albino rats during feeding on fortified biscuit with nano-iron (Fe203-NPs).

Groups

Normal
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Gl G2 G3 G4

Before After Before After Before After Before After
feeding feeding feeding feeding feeding feeding feeding feeding

6.6+0.28°  6.9+0.36°  6.4+0.26° 6.2+0.4° 3.8+0.3° 7.1+0.2* 3.6+0.15° 5.1+0.2° 4.3:5.9

Cell blood counts
(CBCs) parameters

Red blood counts

(RBCs) (102/L)
'(;%”Lo)g"’b'” (Hb) 13.640.4° 15.0+0.86° 14+0.25° 14.940.26" 5+05°  16+0.25° 45+0.11° 7.6+0.41° 12.0:16.0
'(V',\;’g“H;e(';);)emog'Ob'“ 2444037 22.9+0.7°  23.3+05Y  22.7+0.4° 12.8+0.6° 22.6+0.7° 125+0.1¢ 10.840.4¢ 25.4:34.6

White blood counts
(WBCs) (10%L)
Mean cell volume

5.9+0.2°  4.0+0.15° 6.6+0.22 4.7+0.5° 5.1+0.2 6.1+0.25% 5.1+0.1° 3.3+0.05¢ 4.5:11.0

a b b a d c d d .
(MCV) (fl) 65+0.8 62+0.8 63+0.35 68+0.9 49+0.5 59+0.7 46+0.52 44+0.9 80:100
Mean cell hemoglobin
concentration 36+0.4° 36+0.8° 35+0.3° 33+0.6° 28+0.9¢  40+0.7%  27+0.8¢  29+1.0¢ 31:36

(MCHC) (g/dL)

fl'gf,‘;:sts count(PLT) - gosepe  614431c  600+L5°  610+21c 100028 gerun g 1686221 205,310 750:1000
Table 4: Serum analyses of albino rats during feeding on biscuit enriched with nano-iron (Fe203-NPs)
Groups
. Gl G2 G3 G4
Serum analysis Normal
Before After Before After Before After Before After
feeding feeding feeding feeding feeding feeding feeding feeding
Iron (1) (mg/dL) 216+3.5° 288+2.0° 210+5.0° 27545 215+#5.0° 289+1.0° 205+4.5¢ 185+4.5° 60:170
Total protein (TP) (g/dL) 7.2+0.2 8.32+0.28 7.1+0.3* 8.4+0.1* 7.0+0.2® 8.9+0.9* 6.6+0.3° 5.6+0.3¢ 6:8.3

v -glutamy| transferase

(G&T) (UIL) 9.8+0.3° 35x0.5° 0.1#0.2* 2.1+0.2¢ 8.3%0.3° 25+05¢ 8.3:0.3° 83+0.3°  9:48
Sodium (Na) (mEg/L) 136+2.1°  141+0.9° 135+15° 143+1.0° 134#2.0° 143+16° 134+1.0° 114+35° 134:145
Potassium (K) (MEg/L) 6.0£0.2° 6.4+0.9° 6.4+0.1° 6.9+0.3% 58+0.1° 6.4+0.1%° 57+02° 45+04¢ 5.1:6.0

Reticulate counts (RC)
(10%L)

Total iron binding capacity
(TIBC) (mcg/dL)

Transferrin (Tf) (mg/dL) 30.7+0.6¢ 43.3+2.0° 34.4+0.6 42.2+0.7° 32.3x1.2¢ 40.3+1.0° 30.5+1.8¢ 61.5:0.8%  40:45

2.9+0.2° 4.9+0.6° 25+0.2° 4.6+04°> 2.6+0.3° 45+04°> 2.7+0.1° 6.4+0.3 2:6

506+3.19 597+5.0° 513+1.59 594+4.2° 504+4.0° 554+4.0° 515+4.5¢ 717+2.0° 240:450

Table 5: Kidney function parameters of albino rats during feeding on fortified biscuit with nano-iron (Fe2O3-NPs)

Groups
Kidney function Gl G2 G3 G4 Normal
parameters Before After Before After Before After Before After
feeding feeding feeding feeding feeding feeding feeding feeding
Urea (mg/dL) 49.8+0.8° 42.6+0.7¢ 51.2+0.6" 45.1+1.02 49.4+0.6¢ 40.2+0.9¢ 48+1.02 58.4+1.22 35:50
Uric acid (mg/dL) 4.3+0.2¢ 5.0+0.42 5.1+0.3? 4.440.4° 4.620.4° 4.4+0.5¢ 4.4+0.4° 5.1+0.3? 3.4:7.0
Creatinine (mg/dL) 1.0+0.108  0.75+0.05° 0.9+0.05°  0.82+0.02®  0.8+0.03"  0.45+0.01¢ 0.8+0.01° 1.15+0.16  0.6:1.2
Table 6: Liver function parameters of albino rats during feeding on fortified biscuit with nano-iron (Fe203-NPs)
Groups
Liver functic Gl G2 G3 G4 Normal
parameters Before After Before After Before After Before After
feeding feeding feeding feeding feeding feeding feeding feeding
Glutamic
oxaloacetic 77418 63£1° 7041 58:0.8¢ 66.8+0.8¢ 581 70£2.6° 7740.6 47:75

transaminase
(GOT) (U/L)
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glutamic pyruvic

transaminase 30+1° 18.7+2¢ 33.3£2P 21.7+2¢
(GPT) (UIL)

Alkaline

phosphatase ALP  294+3.9°  256+33¢  277.942.2°  254.544.5°
(UIL)

(TTOS' (t::;;létﬂl)n 0.75:0.02¢  0.93#0.03°  0.75:0.05¢  0.94+0.02°
Albumin (g/dL) 436$02° 4024019  4.20:02°  3.97+0.1¢

28+1° 18+1°¢ 35.3+22 40.2+12
265.742.5° 243.6+1.8¢ 268.3+4.2¢ 297.340.32
0.72+0.01¢ 0.86+0.03¢ 0.73+0.03¢ 1.25+0.042
4.20+0.2° 4.07+0.2¢ 4.3740.2° 5.37+0.52

8:48

245:315

0.1:1.2
3.5:5.0

3.4.2. Impact of fortified biscuit with nano-iron on
anemic rats

According to Figure (4 a, b, c, d, e), the
microscopical examination of the livers revealed
dilatation and congestion of central and portal veins.
Random areas of coagulative necrosis characterized by
loss of cellular detail of hepatocytes and retention of
tissue architecture with shrunken hypereosinophilic
cytoplasm and pyknotic nuclei were observed. Rarely,
there were lytic areas of Hepatocellular necrosis, with
loss of cord architecture and replaced by mixed
inflammatory cells, fibrin, and small amounts of
eosinophilic cellular and karyorrhectic debris. Portal
areas were moderately expanded by increased
numbers of small bile ducts (biliary ductal reaction),

E—— ————

G1: Group 1
(feeding on
biscuit coated
with chocolate)

(a): Liver of rat showing normal histological (b):
appearance of central (CV), portal veins (PV)
and hepatocytes (arrow). H&E stain x 200

200

G2: Group
2(feeding on
normal basal
diet)

(a): Liver of rat showing histological appearance  (b):
of hepatocytes (H), central (CV) and portal
veins (PV) with mild activation of Kupffer cells
(arrow). H&E stain x 200. 200.
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Kidney of rat
histological criteria of glomeruli (G) and
renal convoluted tubules (T). H&E stain x

Kidney of rat
histological criteria of glomeruli (G) and
renal convoluted tubules (T). H&E stain x

fibrin, and edema admixed with low to moderate
numbers of mononuclear inflammatory cells and
reactive fibroblasts. The examined kidneys revealed
mild cloudy swelling, vacuolar and hydropic
degeneration of lining epithelium of proximal and
distal convoluted tubules in the renal cortex. Rarely,
the lining epithelium of renal tubules exhibited
coagulative necrosis characterized by retention of
tubular architecture with hypereosinophilic cytoplasm
and pyknosis of nuclei. The spleen showed moderate
lymphoid depletion characterized by a loosely defined
focus of cells in the white pulp that were differentiated
by reduced cellular density than the greater proportion
of small cells of the surrounding.

showing normal

showing normal

(c): Spleen of rat showing normal white
(WP) and red pulp (RP). H&E stain x 200

(c): Spleen of rat showing hyperplasia and
activation of reticuloendothelial cells (REC)
of white pulp. H&E stain x 200.
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Fig. (3): Histological examination of rat's organ fed on basal diet and experimental biscuit coated with chocolate for 6

weeks.

(a): Liver of iron-deficient rat showing
dilatation and congestion of central (CV)
and portal veins (PV). H&E stain x 100.

¥ e

R ST
(e): Kidney of iron-deficient showing
moderate lymphoid depletion (asterisk)
characterized by a loosely defined focus

(b): Liver of iron-deficient rat showing

coagulative  necrosis  of  hepatocytes
characterized by and retention of tissue
architecture with shrunken hyper eosinophilic
cytoplasm and pyknotic nuclei (arrow). Note
also portal edema (E) admixed with
mononuclear inflammatory cells (arrowhead)
and reactive fibroblasts (thick arrow). H&E
stain x 200.

(d): Kidney of iron-deficient rat showing mild
cloudy swelling (arrow) of lining epithelium of
proximal and distal convoluted tubules. H&E

y SN
?i‘{:{:ﬁ".‘

1 o . ' Y &
Qs B FAS
(c): Liver of iron-deficient rat showing lytic
necrosis, with loss of cord architecture and
replaced by mixed inflammatory cells
(arrow), fibrin and eosinophilic cellular
debris (CD). H&E stain x 200.

of cells in the white pulp. H&E stain x  stain x 400.

200.

Fig. (4): Effect of feeding experimental fortified biscuit with nano-iron on spleen, kidney, and liver in anemic group (G3)

during feeding period for 6 weeks.

3.4.3. Effect of basal diet on anemic rats

As shown in Figure (54, b, c,d, e, f, g, h,i,j, kI,
m, n), the microscopical examination of the livers
revealed marked dilatation and congestion of central
and portal veins. Multifocally, there were large fibrin
thrombi attached to tunica intima and partially
occluded the lumen of central and portal veins.
Randomly scattered throughout the parenchyma were
discrete, areas of coagulative necrosis characterized by
loss of cellular detail of hepatocytes and retention of
tissue architecture with shrunken hypereosinophilic
cytoplasm and pyknotic nuclei. Occasionally, there
were other areas of Hepatocellular necrosis, with loss
of cord architecture and replaced by macrophages,
lymphocytes, neutrophils, fibrin, and small amounts of
eosinophilic cellular and karyorrhectic debris. Portal
areas were moderately expanded by increased
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numbers of small bile ducts (biliary ductal reaction),
edema, fibrin, and frequently contain low to moderate
numbers of mononuclear inflammatory cells and
reactive fibroblasts. The examined kidneys revealed
congestion of the cortical blood vessels. The renal
tubules in the renal cortex and medulla showed
degenerative changes of their lining epithelium
characterized by mild to moderate vacuolar and
hydropic degeneration. Occasionally, the lining
epithelium of renal tubules revealed coagulative
necrosis characterized by retention of tubular
architecture with hypereosinophilic cytoplasm and
pyknosis or absence of nuclei. Moreover, hyalinized
eosinophilic and cellular casts were detected in the
lumen of some renal convoluted tubules. Diffusely, the
splenic red pulp was expanded by congested blood
vessels and large numbers of erythrocytes.
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Multifocally ~ hemorrhages  obscured  splenic
architecture. There is diffuse lymphoid depletion in the
white pulp characterized by a marked decrease in size
and number of periarteriolar lymphatic sheaths and
lymphoid follicles, and remaining follicles lack
discernable germinal centers, mantle, and marginal
zones.

4. Discussion

4.1. Characterization of iron oxide nanoparticles
(FEZOs-NPS)

The X-ray of powder was high purity, clear and
sharp peaks, brownish-black pyramidal crystal
structure and the average crystal (diameter), that is
revert to the cubic phase of IONP, as well, the
formation IONP in magnetite phase as conformed by
diffraction peaks indexes, according to [17]. Also, the
SEM showed the particles are homogeneous
distribution, size, and shape, few aggregates, have
cluster of small particles that is led to the high surface
area and increase surface charges as recently reviewed
by [41].

4.2. Hematology, serum analysis, and growth
evaluation

The growth performance of albino rats was
increased during the feeding on fortified biscuit which
helps in IDA treatment due to the high nutritional
value of biscuit, the high bio-availability and
absorption in small intestinal barrier which depended
on the size and conversion of IONP, the ascorbic acid
maximize the metabolic pathway of IONP in different
rat's tissue with accumulation. These results are
according to those obtained by [42]. Moreover, the
increased values of CBCs parameters i.e. RBCs,
WBCs, Hb, MCV, MCH, MCHC, and PLTs due to the
high nutritional value of fortified biscuit with Fe;Os-
NPs and coated with chocolate, also, the stimulation of
erythropoiesis process caused by nano-iron formula as
a result of the intestinal efficacy absorption and
cellular uptake. That is led to O; transport,
hemoglobin, red blood cells, and DNA synthesis, ATP
production. As well, increase the nutritional quality of
proteins in the gut and steroid synthesis and electron
transport. Additionally, the excellent biocompatibility,
bioavailability, and ability, as well, their ease of
synthesis for biomedical applications and treatment of
various diseases. These results are similar to with
those investigated by [27; 43]

Fig. (5): Effect of feeding basal diet free off nano-iron on spleen, kidney, and liver in anemic group (G4) during feeding

period for 6 weeks.
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(a): Liver of iron-deficient rat showing marked
dilatation and congestion of central veins (CV).
H&E stain x 100.

(b): Liver of iron-deficient rat showing fibrin
thrombus (T) attached to tunica intima and
partially occluded the lumen of central vein.
H&E stain x 200.

(c): Liver of iron-deficient rat showing fibrin
thrombus (T) attached to tunica intima and
partially occluded the lumen of portal vein. H&E
stain x 100.

(d): Liver of iron-deficient rat showing
coagulative necrosis characterized by loss of
cellular detail of hepatocytes and retention of
tissue architecture with  shrunken  hyper
eosinophilic cytoplasm and pyknotic nuclei
(arrow). H&E stain x 200.

(e): Liver of iron-deficient showing
hepatocellular necrosis, with loss of cord
architecture and replaced by macrophages
(arrow), lymphocytes (arrowhead), neutrophils
(thick arrow), fibrin and small amounts of
eosinophilic cellular and karyorrhectic debris.
H&E stain x 400.

(f): Liver of iron-deficient rat showing increased
numbers of small bile ducts (arrow) and low
numbers of mononuclear inflammatory cells
(arrowhead) in portal area. H&E stain x 200.

Fig. (5 continue): Effect of feeding basal diet free off nano-iron on spleen, kidney, and liver in anemic group (G4) during

feeding period for 6 weeks.

(9): Kidney of iron-deficient rat showing
congestion (C) of the cortical blood vessels.
H&E stain x 400.

(h): Kidney of iron-deficient rat showing vacuolar
and hydropic degeneration (arrow) of lining
epithelium of renal tubules in medulla. H&E stain
x 200.
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iron-deficient
coagulative necrosis of the lining epithelium of
renal tubules characterized by retention of tubular
architecture with hyper eosinophilic cytoplasm
and pyknosis (arrow) or absence of nuclei. H&E
stain x 200.

(i): Kidney of rat showing
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(j): Kidney of iron-deficient rat hyalinized (k): Spleen of iron-deficient rat showing (l): Spleen of iron-deficient rat showing multifocal
eosinophilic and cellular casts (arrow) in the  congested blood vessels (V) and large numbers of  hemorrhages (H) obscured splenic architecture.
lumen of some renal convoluted tubules. H&E  erythrocytes (E) in red pulp. H&E stain x 400. H&E stain x 100.

stain x 400.

(m): Spleen of iron-deficient rat showing (n): Spleen of iron-deficient rat showing lymphoid
diffuse lymphoid depletion (LD) in the white  depletion (LD) in white pulp with lack discernable
pulp characterized by a marked decrease in size  germinal centers. H&E stain x 200.

and number of periarteriolar lymphatic sheaths

and lymphoid follicles. H&E stain x 200

The results of serum analyses such as TIBC, Tf, TlI,
TP, Na, K, RCs, and GGT revert to the high nutritional
value of fortified biscuits. As well, the coating of
Fe»03-NPs by ascorbic acid maximizes the absorption
and bioavailability of Fe;O3-NPs in the small intestine
with a low side effect. Additionally, the ascorbic acid
absorbed by the M cells and increase the
bioavailability of nano-iron to perform it is a vital role.
These data are in agreement with those reported by
[44-46]

The results of kidney functions such as urea, uric acid,
and creatinine referred to as the fortified biscuit plays
a vital role in IDA treatment due to its high nutritional
value. Moreover, there was not any non-significate
effect appeared on the kidney from iron oxide
nanoparticles. Additionally, the kidney could not
perform its vital role in G4 compared with G3. These
findings due to the high absorption of Fe,Os-NPs [44;
47]

The liver enzyme e.g. alboumin, ALP, GOT, GPT, and
total bilirubin back to high level in G4 referred to high
IDA. Also, the nano-iron enhanced liver enzyme
activity and protein levels. In addition, there is no side
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effect of fortified biscuit on the liver function in the
G3. These data according to those results investigated
by [22; 48]

4.3. Histopathological examination

There are no histopathological changes of G1 and
G2 due to there is not any bad effect on the different
organs caused by feeding on fortified biscuit and basal
diet. These results are in agreement with those
obtained by [49-50]. Also, the results of G3 back to the
safety and high nutrition of fortified biscuit on the
different organs, and there was not any side effect on
the organ's vital role. These data similar to those
investigated by [27; 47]. Additionally, the results of
G4 revert to the high iron deficiency anemia in albino
rats. Also, the different organs could not play their role
because there is a low iron level and IDA. These
results are in similar to those obtained by [22; 27].

5. Feasibility of fortified biscuit with nano-iron

Biscuit is a favor, spread, and suitable product for all
people around the world due to its cheap, easy
absorption, and high nutrition. The cost of a biscuit
coated with chocolate in the market for customers (20
g) is US $0.5. The price of nano-iron (1g) is US $9.3.
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The addition ratio of nano-iron is (10 microgram /20g
daily). The cost of a fortified biscuit with chocolate
incorporated nano-iron is US $ 0.6. While, the price of
traditional medical iron solution is US $ 3.1 and takes
a long time to increase the iron level in blood. The
dimensions 50 mm diameter, thickness 5 mm, and
weight 6.5 g of biscuit is So, the functional biscuit
incorporated nano-iron is cheap, healthy, highly
economic feasibility, high nutrition, and rapidly
positive effect compared with traditional medical iron
solution according to [25].

6. conclusions

Results showed that biscuit enriched with nano-iron is
extremely nutritional value and increase the iron level
in blood. As well, it is a novel approach to treat the
iron deficiency anemia (IDA) disease, immunity, and
pathogens i.e. COVID-19. However, Fe;O3-NPs
(49.5+5 nm) at 10 ppm were efficient to improve the
serum parameters of total iron, total protein, serum
sodium and potassium, and reticulocyte counts. As
well, it improves CBCs, kidney and liver parameters,
growth rate of rats, and there are not non-significant
effects on the kidney, spleen, and liver. This study
concluded that; the fortified biscuit which is covered
by chocolate included Fe;O3-NPs (10 ppm) at 49.5+5
nm is more active to overcome iron deficiency anemia
disease and increase the iron level in blood. The results
demonstrated that the anemic group G3 fed on biscuit
enriched with Fe,O3-NPs is enhanced the iron level
and overcome the IDA compared with other groups.
Functional biscuit enriched with nano-iron is
preferably for children, elderly, and women to
improve their health. Fortified biscuit with Fe;O3-NPs
is the most feasible and efficient compared with
traditional medicine for IDA disease.
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