
� 2020 P
Association I
license (http:

Received J
Accepted
1Correspon
Effects of ecofriendly synthesized calcium nanoparticles with
biocompatible Sargassum latifolium algae extract

supplementation on egg quality and scanning electron
microscopy images of the eggshell of aged laying hens
Hayam A. Abo El-Maaty,* Ayman Y. EL-Khateeb,y Hanan Al-Khalaifah,z El-Sayed A. El.Hamed,x

Sahar Hamed,# Eman A. El-Said,ǁǁ Khalid M. Mahrose,**,1 Khaled Metwally,yy and Amira M. Mansour*

*Poultry Production Department, Agriculture College, Mansoura University, Mansoura, Egypt; yAgricultural
Chemistry Department, Faculty of Agriculture, Mansoura University, Mansoura, Egypt; zEnvironment and Life
Sciences Research Center, Kuwait Institute for Scientific Research, Safat, 13109, Kuwait; xNational Institute of
Oceanography and Fisheries in Hurghada, Damietta, Egypt; #Agricultural Chemistry Department, Agriculture

Faculty, Damietta University, Mansoura, Egypt; ǁǁPoultry Production Department, Agriculture College, Damietta
University, Mansoura, Egypt; **Animal and Poultry Production Department, Faculty of Technology and

Development, Zagazig University, Mansoura, Egypt; and yySoil and Water Sciences, Faculty of Technology and
Development, Zagazig University, Zagazig 44511, Egypt
ABSTRACT In the present study, 200 Brown com-
mercial egg-type layers (60 wk old) were used to study
the effects of different levels of ecofriendly synthesis of
calcium (Ca) nanoparticles (0.0, 0.50, 1.0, and 1.5 g/kg
diet) with biocompatible Sargassum latifolium algae
extract (SL-CaNps) on exterior egg quality traits, elec-
tronic microscopic view of eggshells, Ca and phosphorus
(P) retention, serum Ca and P concentrations, and the
histology of the uterus. Hens fed with dietary SL-CaNps
powder had higher egg weight and shell weight % values
than those of the control group. All SL-CaNps treatment
groups had the greatest values of shell weight per unit
surface area and shell thickness. Dietary
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supplementation of SL-CaNps at graded levels up to
1.5 g/kg diet had higher serum Ca and inorganic P levels
than that of the control. Laying hens fed with SL-CaNps-
added diets had beneficial effects on shell ultrastructure
in terms of well-developed palisade and mammillary
layers. The numbers of apical cells along the branched
tubular gland were greater in SL-CaNps-treated groups
than those of control. Conclusively, supplementing SL-
CaNps powder up to 1.5 g/kg to the diet of laying hens
improved eggshell thickness, shell weight% and shell
weight per unit surface and has no adverse effect on their
eggshell quality or electronic microscopic view of their
eggshell.
Key words: eggshell quality, electronic microscopic view
 of eggshell, laying hens, SL-CaNps powder, ultrastructure
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INTRODUCTION

It is a fact that at the end of the laying cycle, egg pro-
duction and egg quality are reduced. The quality of the
eggshell is very important for both the producers and
consumers (Alagawany and Mahrose, 2014; Farghly
et al., 2015, 2019). Eggshells play many functions, such
as protection of the embryo from critical environmental
factors, controlling the exchange of gas and water, and
providing the developing embryos with Ca (Narushin
and Romanov, 2002; Farghly et al., 2015, 2019). Poor
eggshell quality can adversely affect the hatchability of
eggs and the economic profitability of egg production
(Alagawany and Mahrose, 2014; Farghly et al., 2015).
It is well-known that eggshell quality decreases with
age, and the incidence of cracked eggs can reach to
20% in hens in the late stage of the laying cycle (Nys,
2001; Arpasova et al., 2010). An optimal supply of cal-
cium (Ca) to hens is very important, especially in terms
of eggshell quality. In recent years, the development of
efficient green strategies for synthesizing metal nanopar-
ticles has gained more interest. One of these strategies is
production of metal nanoparticles by plants (Ankanna
et al., 2010). Numerous plants, such as Svensoniahyder-
obedensis, Shoreatumbbagia, and Boswellia
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ovalifoliolata, were screened for the fusion of silver nano-
particles (Savithramma et al., 2011). The organization of
eggshell microstructure is determined by genetic, physi-
ologic, and external factors, and the microstructural
characteristics of eggshell can inform us concerning bio-
logical and physicochemical processes affecting its for-
mation (Rodriguez-Navarro et al., 2007). For eggshell
formation, hens need to have 2.5 to 3.5 g of dietary cal-
cium (Tullet, 1987).

The brown seaweedAscophyllum nodosum is the main
algal species used for domestic animals feed production
in North America and Europe, and is exported globally
to markets in Asia, South America, and Australia
(Mac Monagail et al., 2017). Seaweeds are considered
as a source of bioactive compounds that have the ability
to generate several secondary metabolites (Smit, 2004)
that possess antiviral, antibacterial, antifungal, and
antitumor biological activities (Chakraborthy et al.,
2010; Michalak and Mahrose, 2020). The potent antimi-
crobial role of seaweeds depends on the efficiency of the
extraction system (Tuney et al., 2006). Seaweeds are
highly nutritious, containing considerable amounts of
antioxidants, sugars, fatty acids, essential amino acids,
flavonoids, phenolic compounds, and other secondary
metabolites (Paul et al., 2014; Michalak and Mahrose,
2020). Green seaweeds are distributed worldwide, and
tropical green algae, including Caulerpa spp can be
explored as potential functional foods. It has been re-
ported that green seaweeds are a promising functional
feed supplement (Tanna et al., 2018; Michalak and
Mahrose, 2020). The extracts of red algae Ceramium
rubrum (Rhodophyta), Sargassum vulgare, Sargassum
fusiforme, and Padina pavonia (Phaeophyta), collected
from the Red Sea in Egypt, were reported to have anti-
bacterial activity. Algal extracts were tested for their
antibacterial activity against 10 multidrug-resistant
clinical isolates of gram-positive and gram-negative bac-
teria (El Shafay et al., 2016; Michalak and Mahrose,
2020). The results of previous studies have indicated
that replacing Ca particles with algal Ca nanoparticles
may positively influence eggshell quality
(Lichovnikova, 2007). A Sargassum latifolium alga was
chosen because of its abundance in the Egyptian marine
environment, and it is available in tons on the shores of
the Red Sea (Michalak and Mahrose, 2020). If it is left
and not exploited, it will cause pollution to the environ-
ment, and therefore its extract was used in this study to
synthesize nanocalcium. Nanoapplications have the abil-
ity to afford brighter results for numerous uses in the
poultry industry, which can aid in decreasing charges
and improving the last outcome quality (Abd El-
Ghany, 2019). Although, worries over safety of some
nanoapplications shackle their direct application (El
Sabry et al., 2018; King et al., 2018). Therefore, we per-
formed experiments to evaluate the effect of different di-
etary levels of supplementation of ecofriendly synthesis
of Ca nanoparticles with biocompatible S. latifolium
algae extract (SL-CaNps) on eggshell quality, Ca and
phosphorus (P) retention, serum Ca and P
concentration, and the histology of the uterus
throughout the late laying period.
MATERIALS AND METHODS

The fieldwork of the present study was performed at
the Poultry Research Unit, Qalabsho Center of Agricul-
tural Researches and Experiments, Faculty of Agricul-
ture, Mansoura University. All animal care and
experimental procedures were performed according to
the Local Experimental Animal Care Committee and
were approved by the Institutional Ethics Committee
of the Faculty of Agriculture, Mansoura University,
Egypt.

Preparation of Investigated Alga Extract

Alga (S. latifolium) was collected from the Red Sea
through the National Institute of Oceanography and
Fisheries, Hurghada, Egypt. Crude algae were sun-
dried in a shade path until the moisture content reached
9.06 0.5%, then the samples were ground to a fine pow-
der using a Braun GmbH grinder (Model, KSM2; Type,
4041). The algae powder was filtered through a sifter
(sifter size; 75–100 mm). Extraction of S. latifolium
alga was performed in accordance with a previously
described method (Dent et al., 2013). Precisely, 300 g
of dried powder was mixed with 3 L of 30% ethanol at
60�C for 30 min on a flat water bath shaker (Memmert
WB14, Schwabach, Germany). The concentrate was
then sifted through Whatman No. 1 filter paper (What-
man International Ltd., Kent, UK) through a B€uchner
funnel, and the filtrate was diluted in deionized water
up to a volume of 100 mL. The concentrate was stored
at 218�C until further experimental use.

Synthesis of Calcium Nanoparticles

Calcium nanoparticles were synthesized in an eco-
friendly manner using a previously described method
(Yugandhar and Savithramma, 2013), with slight mod-
ifications, then it was added to the previously prepared
alga extract. An aqueous solution of 0.05 mol calcium
chloride dehydrate (SD Fine-Chem Ltd., Mumbai,
India) was prepared using deionized water and added
slowly to the same volume of the prepared extract.
The reaction mixture was stirred at 5,000 rpm for
1 h at 25�C 6 1�C and incubated at room temperature
for 2 to 3 d. Then, the mixture was lyophilized to a
fine powder.

Nanoparticle Characteristics via UV-Vis
Spectroscopy

Unadulterated Ca particle reduction and topping of
the subsequent calcium nanoparticles were observed us-
ing an ATI Unicam UV-Vis Spectrophotometer Vision
software V 3.20 by recognizing the UV-Vis spectra of
the mixture at various wavelengths. The UV-Vis spectra



Table 1. Formulation and proximate analyses of the experimental
diets fed to Brown commercial egg-type hens that are 60 to 72 wk
old.

Ingredients (%) Control

Ground yellow corn 66.0
Soybean meal (44% CP) 11.0
Corn gluten meal (60% CP) 12.0
Ground limestone 8.30
Dicalcium phosphate 1.80
Vitamin and mineral Premix1 0.30
Common salt (NaCl) 0.30
L-Lysine-HCl 0.10
DL-Methionine 0.20
Total 100
Calculated analysis

(as fed basis: NRC, 1994)
Metabolizable energy (ME), kcal/kg 2,913
Crude protein (CP), % 18.10
Ether extract (EE), % 2.90
Crude fiber (CF), % 2.38
Total P, % 0.65
Nonphytate P, % 0.44
Calcium, % 3.58
Methionine, % 0.56
Methionine 1 cystine, % 0.98
Lysine, % 0.67

Determined analysis (DM basis: AOAC,
2000)
Dry matter (DM), % 89.97
Organic matter (OM), % 81.82
Crude protein (CP), % 20.12
Ether extract (EE), % 3.22
Crude fiber (CF), % 2.65
Ash, % 8.15
Nitrogen-free extract (NFE), % 65.86

1Each 3 kg of premix contained: Vit. A, 12,000,000 IU; Vit D3, 3,500,000
IU; Vit. E, 20 g; Vit. K3, 3 g; Vit. B1, 3 g; Vit. B2, 8 g; Vit. B6, 3 g; Vit. B12,
15 mg; Ca pantothenate,12 g; niacin, 40 g; folic acid, 1.5 g; biotin, 50 mg;
choline chloride, 600 g;Mn, 80 g; Zn, 75 g; Fe, 40 g; Cu, 10 g; I, 2 g; Se, 0.3 g;
Co, 0.25 g; and CaCo3 as a carrier.
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of the combined metal nanoparticles were recorded
around 240 to 440 nm based on a previously described
method (El-Refai et al., 2018). The examination was
practiced at 25�C using quartz cuvettes (1 cm optical
path).

Nanoparticle Characteristics via
Transmission Electron Microscope

The size, shape, surface area, crystal structure, and
morphological data of the obtained nanoparticles were
characterized using a transmission electron microscope
(TEM; JEOL TEM-2100) attached to a CCD camera
at an accelerating voltage of 200 kV. Each sample of
the synthesized metal nanoparticles was prepared by
mounting a suspension of the sample on copper-coated
carbon grids, and the solvent was allowed to evaporate
slowly before recording the TEM images. The TEMmea-
surements were recorded at the Central Laboratory,
Electron Microscope Unit, Faculty of Agriculture, Man-
soura University, Egypt.

Nanoparticle Characteristics via Zeta
Potential

Zeta potential examination is a method for deter-
mining the surface charge of nanoparticles in suspensions
using the zeta potential software ver. 2.3 (Malvern In-
struments Ltd.) at the Central Laboratory, Electron Mi-
croscope Unit, Faculty of Agriculture, Mansoura
University.

Management of Experimental Hens

A total of 200 of H&N Brown egg layers (60 wk-old)
were randomly designated into 4 equal dietary treat-
ments, each with 5 replications. The average initial live
body weight of birds in all replicates within treatments
was nearly similar. The birds of each replicate (10
birds/replicate) were housed in conventional cages (di-
mensions of 60-cm width ! 100-cm length ! 50-cm
height) with one feeder and 2 water troughs, allowing
free access to feed and water. The pens were placed in
an open-sided house supplied with an artificial light to
provide a 16-h light/8-h dark cycle. The temperature
and relative humidity prevailing during the experi-
mental period ranged between 22�C and 37.4�C, and
50 and 64%, respectively. All birds were kept under the
same conditions during the experimental period.

Experimental Diets

The composition of the basal experimental diets of
hens during the experimental period and the correspond-
ing chemical analysis results are presented in Table 1.
The experimental diets were formulated to be isonitrog-
enous (18% CP) and isocaloric (2,900 kcal ME/kg) and
were used during the experimental period (60–72 wk),
satisfying the nutrient requirement set by the NRC
(1994). The experimental diets were fed with or without
different levels of SL-CaNps powder (0.0, 0.50, 1.0, and
1.5 g/kg diet). Feed samples from the experimental diets
during the late laying period, as well as from the flesh of
experimental birds, were obtained and chemically
analyzed for dry matter (DM), such as CP, EE, CF,
CA, and nitrogen-free extract (NFE) in accordance
with the official methods of AOAC (2000). The NFE
level was determined by subtracting the sum of all the
aforementioned fractions from the DM.
Egg Quality Measurements

Daily recording of egg weight were maintained to the
nearest 0.01 g for each replicate group of laying hens at
each 4-wk interval and for the whole experimental
period. The mean of the egg weights was calculated by
dividing the total weight of eggs produced at a given
period by the number of those eggs (Abd El-Hack
et al., 2019a, b; Farghly et al., 2019; Mahrose et al.,
2020). Egg quality tests were performed 3 times (every
4 wk) at 60, 66 and 72-week-old hens and their averages
were calculated. In each test, the freshly collected eggs
(75 eggs per treatment) were immediately examined to
determine exterior eggshell parameters (egg weight and
its relative components), shell%, egg shape index
(ESI), shell thickness (ST) without membranes, and
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shell weight per unit surface area (SWUSA) of the
eggshell (Saeed et al., 2017; Abd El-Hack et al., 2018;
Farghly et al., 2019; Mahrose et al., 2020). The eggs
were individually weighed then; they were broken on a
smooth, level surface. The egg components were deter-
mined in accordance with the procedure previously
described by Keshavarz and Nakajima (1995), in which
the eggshells were carefully cleaned of any adhering al-
bumin, and then individual eggshells were allowed to
dry then weighed separately. The weight of the eggs
and their shells were determined to the nearest 0.01 g us-
ing a sensitive electric balance.

Egg shape index was measured as (egg width/egg
length)*100. The measurement of egg width and length
was performed using a wooden apparatus similar to a
previously illustrated model (Amer, 1972), to the nearest
0.001 mm. Eggshell thickness was measured by a special
micrometer (Japanese Mitutoyo micrometer scale, Mitu-
toyo, Japan). The shell thickness measurements were
made at 3 corresponding positions on the equator of
the eggshell (blunt pole, sharp pole, and the equator),
and the average measurement was recorded to the near-
est 0.001 mm. Shell weight per unit surface area was also
calculated by dividing the shell weight (plus adhering
membranes; mg) by the egg surface area (cm2). Egg sur-
face area was calculated in accordance with the method
previously described by Carter (1975).
Blood Parameters of Laying Hens

At the end of the experimental period, 5 blood samples
were collected from 5 hens (72 wk old)/treatment group
and stored in blood tubes. Serum was separated by
centrifugation at 3,000 rpm for 20 min and stored at
220�C until analysis. Total serum protein and albumin
were determined using commercial kits. Globulin was
determined by subtracting the albumin from the total
protein. Concentrations of serum Ca and inorganic P
were determined in accordance with a previously
described method (Goldenberg and Fernandez, 1966;
Tietz, 1987).
Histological Observations

Uterus of laying hens’ samples were fastidiously
dissected and glued in sufficient volume of formalin solu-
tion (10%). Permanent sections were prepared by using
the paraffin method technique according to Junqueira
et al. (1971). Hematoxylin and eosin stains were used.
Tissue sections of uterus were examined with light mi-
croscope and then subjected to a digital camera with a
magnification power of !10.
Figure 1. UV-Vis spectroscopic measurements of Sargassum latifo-
lium algae and its calcium nanoparticles.
Statistical Analysis

Data from the hens in the late laying period as affected
by the different levels of ecofriendly synthesis of Ca
nanoparticles (0.0, 0.50, 1.0, and 1.5 g/kg diet) with
biocompatible Sargassum latifolium algae extract
(SL-CaNps) were analyzed separately using one-way
analyses of variance through the general linear model
procedure of the Statistical Analysis System (SAS,
2004). A 0.05 level of significance using Duncan’s multi-
ple range test (Duncan, 1955) was used to evaluate mean
differences among the experimental treatments within
each period. The percentages of the considered traits
were converted to Arcsine values and then retrans-
formed to the initial values after analysis.
RESULTS

Nanoparticle Characteristics via UV-Vis
Spectroscopy

Calcium nanoparticle synthesis was determined by
scanning the UV-Vis spectra. As shown in Figure 1,
the greatest retention was recorded at 280 nm is because
of the trademark surface plasmon reverberation of the
delivered metal nanoparticles. The prepared Ca nano-
particles were seen as truly stable because of conceivable
nearness of polyphenolic mixes present in the algae
extract, which avert aggregation.
Nanoparticle Characteristics via
Transmission Electron Microscopy and
Zeta Potential

As shown in Figure 2, TEM was performed for the
incorporated nanoparticles at 100 and 200 nm. The
size of the particles was between 7.51 and 35.21 nm.
The particles were round with square aggregates,
although several were found to be tetragonal. The
more minute particles cause progressive surface region
that may enhance powerful reactions. Figure 3 shows
that the incorporated Ca nanoparticles that were mixed
with the algae extract had a zeta potential estimation of
24.66 mV.
Egg Components and Egg Quality
Parameters

External egg quality measurements of Brown commer-
cial egg-type laying hens fed with diet that is
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supplemented with SL-CaNps powder are shown in
Table 2. There were significant differences between
treatments (P , 0.05) in most of the measured external
eggshell characteristics. SL-CaNps powder supplemen-
tation improved (P , 0.01) the egg weight, shell
weight%, ST, and SWUSA and numerically increased
ESI values. Dietary SL-CaNps powder treatment had a
significant effect (P , 0.05) on egg weight throughout
the whole experimental period.
In the present work, nearly all egg shape indices were

higher (P , 0.05) than 80, which might be correlated to
the old age of the experimental laying hens. Shell weight
% and ST were higher in the groups supplemented with
1.0 and 1.5 g SL-CaNps powder compared with the con-
trol group. As presented in Table 2, the control group
had the lowest (P , 0.05) SWUSA in eggshells
compared with the other experimental groups.
Blood Parameters

The results presented in Table 3 show the effects of
supplementing different concentrations of SL-CaNps
on several blood parameters. Serum total protein, albu-
min, and globulin were not significantly affected by the
experimental treatments. Different concentrations of
SL-CaNps (0.50, 1.0, and 1.5 g/kg diet) increased serum
Ca concentration by 12.46, 12.47, and 12.50%, respec-
tively, at the end of the experiments, compared with
the control group (11.54%). Laying hens supplemented
with 1.5 g of SL-CaNps had significantly higher (P ,
0.05) serum inorganic P concentration than those of
other treatment groups.
Scanning Electronic Microscopy of
Eggshell

Histologic sections from scanning electronic micro-
scopy of eggshell showed that the mammillary layer
has many conical knobs (mammillae) that formed an
irregular network of collagen fibers that fuse together
Figure 2. Transmission electron microscope micrographs and size distrib
200 nm magnification value.
to form the palisade layer. These 2 layers are well ori-
ented in the tissue sections of hens supplemented with
0.5 and 1.0 g SL-CaNps powder (Figures 4B, 4C)
compared with those supplemented with 1.5 g SL-
CaNps powder (Figure 4D) and the control group
(Figure 4A). It is clear that SL-CaNps improved the shell
ultrastructure in terms of well-developed mammillary
(Figures 4B, 4C) and palisade layers (Figures 4B, 4D).
Histology of the Uterus of Laying Hens

Histological sections from the shell gland of laying
hens supplemented with different levels of SL-CaNps
are shown in Figures 5A, 5D. It appears from these sec-
tions that the surface of the folds by means of short
ducts. The surface epithelium of the leaf-like folds is
columnar, with several goblet cells. The number and
size of the folds were greatest in hens supplemented
with 0.5 and 1.0 g SL-CaNps powder (Figures 5B, 5C),
followed by those supplemented with 1.5 g SL-CaNps
powder, and least in the control group (Figure 5A). It
was also observed that the columnar cells of the uterus
have 2 types of cells (apical cells and basal cells). Apical
cells secrete Ca, whereas basal cells secrete a sinuous ma-
trix. The numbers of apical cells along the branched
tubular gland (the main source of calcified minerals)
were greater in the histologic sections shown in
Figures 5C, 5D (treatment groups) than those in
Figures 5A, 5B.
DISCUSSION

Polyphenols are antioxidant agents that play a role in
hastening the procedure for blending metal nanopar-
ticles. The properties of these nanoparticles were
inspected as an element of UV illumination. Using UV-
Vis spectroscopy was a successful method for investi-
gating the proximity of metal nanostructures (Sun
et al., 2002; Darroudi et al., 2011). The UV illumination
job was affirmed to portray the advancement of calcium
utions for calcium nanoparticles synthesized by algae extract at 100 and
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Figure 3. Zeta potential values for calcium nanoparticles synthesized by algae extract.
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salt decrease within the sight of algae extract at encom-
passing temperature.

The Ca nanoparticles that were prepared using algae
extract were subjected to TEM to affirm the proximity
of Ca nanoparticles, as well as to appraise the shape, ag-
gregation, and particles size of aggregated nanoparticles,
using the method previously described by Yugandhar
and Savithramma (2013). Calcium nanoparticles that
were synthesized by different methods have diverse
chemical and physical properties, such as high photo sta-
bility, high electrochemical coupling coefficient, wide ra-
diation absorption range, and high chemical stability.
The varieties of Ca nanoparticle applications had been
confirmed to depend on controlling their physicochem-
ical properties, including surface condition, size, shape,
size dispersion, and crystalline structure. The shape of
Ca nanoparticles was spherical, smooth, and granular,
with square aggregations and a small number of tetrag-
onal aggregates. Smaller particles that have more surface
area cause more effective responses. These results were in
Table 2. Egg components and several egg quality parameters of lay

Experimental diets Egg weight, g Shell weight, %

Control 73.98c 10.99b

0.50 g SL-CaNps powder/kg diet 77.20b 14.98a

1.0 g SL-CaNps powder/kg diet 79.74a 15.40a

1.5 g SL-CaNps powder/kg diet 79.51a 15.52a

SEM 0.351 0.652
P value 0.0001 0.0006

a–cMeans in the same row having different superscripts differ significan
Abbreviation: SWUSA, shell weight per unit surface area.
accordance with those of Yugandhar and Savithramma
(2013).
The zeta potential is a significant instrument for un-

derstanding the condition of the nanoparticle surface
and anticipating the long-haul dependability of the
nanoparticle. Nanoparticles have a surface charge that
pulls in a flimsy layer of inversely charged particles to
the nanoparticle surface. The mixed Ca nanoparticles
and algae extract had a zeta potential value of
24.66 mV, which is strong, based on the notion that
nanoparticles with zeta potential values higher than
125 mV or less than 225 mV usually have high degrees
of dependability (Soheyla and Foruhe, 2013). Zeta po-
tential estimation is utilized to determine nanoparticle
surface charge. Nanoparticles have 2-fold layer of parti-
cles that diffuses all throughout their structures, and the
electric potential at the boundaries of the 2-fold layer is
known as the zeta potential, having values that normally
run from 1100 mV to 2100 mV. Zeta potential values
provide an indirect measurement of the net charge on
ing hens fed with a diet supplemented with SL-CaNps powder.

Parameters

Shell thickness, mm SWUSA, mg/cm2 Egg shape index, %

0.30c 63.29c 81.69
0.44b 71.27b 82.68
0.46a 72.12a,b 83.23
0.46a 73.15a 83.45
0.005 0.453 0.873
0.0001 0.0001 0.505

tly at P � 0.05.
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Table 3. Blood parameters of 72-week-old laying hens fed with a diet supplemented with SL-CaNps powder.

Experimental diets

Parameters

Total protein (g/dL) Albumin (g/dL) Globulin (g/dL) Ca (mg/dL) Inorganic P (mg/dL)

Control 5.79 3.38 2.41 11.54b 5.89c

0.50 g SL-CaNps powder/kg diet 5.80 3.43 2.37 12.46a 6.51b

1.0 g SL-CaNps powder/kg diet 6.08 3.25 2.83 12.47a 6.95a,b

1.5 g SL-CaNps powder/kg diet 6.32 3.28 3.034 12.50a 7.46a

SEM 0.215 0.069 0.218 0.146 0.175
P value 0.279 0.295 0.126 0.001 0.001

a–cMeans in the same row having different superscripts differ significantly at P � 0.05.
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the nanoparticle surface. Among the different methods
to characterize the superficial properties of nanoparticles
in a liquid state, zeta potential measurement is one of the
most accessible. For this reason, zeta potential measure-
ment can be routinely used as a prescreening technique
to control batch-to-batch consistency (ISO 13099-2,
2012).
The surface charge of nanoparticles influences their

physical state in liquids (e.g., stability and protein ab-
sorption) and their interactions with biological systems.
Therefore, zeta potential values interestingly charac-
terize nanoparticles that are intended for biomedical ap-
plications. Zeta potential value can be used as a criteria
to determine particle aggregation tendency in an
aqueous media and may give useful information that
correlate nanoparticles’ physicochemical properties to
their in vitro and in vivo activity (e.g., nanoparticle–
cells interactions). In specific cases, changing the envi-
ronmental conditions of the dispersive media (e.g.,
Figure 4. (A) Scanning electron microscopic image of tissues from the con
fed with 0.5 g of Ca nanoparticles with biocompatible Sargassum latifolium
tissues from hens fed with 1.0 g Ca nanoparticles with biocompatible S. latifo
of tissues from hens fed with 1.5 g of Ca nanoparticles with biocompatible S
media composition, titration, or pH) allows researchers
to study the physicochemical properties of nanoparticles
in different conditions, such as in mimicking their in vivo
mechanism of action (NCL method PCC-2, 2009).

Zeta potential measurements are relevant only in sam-
ples with sizes in the sub–5 mm region. If sedimentation
or significant aggregation of the sample occurs before or
during measurement, the system is not suitable for zeta
potential evaluation because nanoparticles’ electropho-
retic mobility is strongly compromised. The lower limit
for measuring electrophoretic mobility is determined
by the signal-to-noise ratio, which is a complex function
of size, concentration, and refractive index of nanopar-
ticle dispersion. Therefore, it is impossible to give an un-
ambiguous statement regarding the smallest size of
particles in which the zeta potential can be measured
(ASTM E2865-12, 2012).

A few round robin studies have demonstrated that
zeta potential measurement is sensitive to a small
trol group. (B) Scanning electron microscopic image of tissues from hens
algae extract (SL-CaNps). (C) Scanning electron microscopic image of
lium algae extract (SL-CaNps). (D) Scanning electron microscopic image
. latifolium algae extract (SL-CaNps).



Figure 5. (A) Histologic of uterus samples from the control group. (B) Histologic of Uterus samples from hens fed with 0.5 g of Ca nanoparticles
with biocompatible Sargassum latifolium algae extract (SL-CaNps). (C) Histologic of uterus samples from hens fed with 1.0 g of Ca nanoparticles with
biocompatible S. latifolium algae extract (SL-CaNps). (D) Histologic of uterus samples from hens fed with 1.5 g of Ca nanoparticles with biocompatible
S. latifolium algae extract (SL-CaNps).
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number of impurities, minor changes in experimental
procedures, and several hard-to-define parameters
(ASTM E2865-12, 2012; Malvern technical note). In
accordance with the ASTM and to the ISO standard
guidelines (ISO 13099-2, 2012; ASTM E2865-12, 2012),
a maximum variation of 10% relative standard deviation
in the reported zeta potential numerical value is accept-
able when comparing data measured in the same condi-
tions, if at least 5 measurements are compared. If the
measurement is performed in general purpose mode, in
addition to the statistical comparison of numerical
values, a qualitative comparison of zeta potential distri-
butions is advisable (Roebben et al., 2011).

It is a fact the eggshell percentage ratio decreases with
the increasing number of clutches in the laying period.
SL-CaNps powder supplementation to the hens’ diet
improved egg weight, shell weight%, ST, SWUSA, and
ESI. Dietary SL-CaNps powder treatment affected egg
weight throughout the whole experimental period. The
major factor that can influence egg weight is the protein
content of the feed, and as all the experimental diets
were isonitrogenous, these results were expected because
neither SL-CaNps powder has any inhibitory effect on
protein binding. Nevertheless, lowering the Ca levels in
the hens’ diet resulted in reduced egg weight (Roland
et al., 1996). Although few literature regarding the influ-
ence of Ca nanoparticles on egg weight are available,
Ganjigohari et al. (2018) reported that supplementing
the diet of laying hens with different levels of nanocal-
cium carbonate had no effect on egg weight.
Egg shape index is affected by the hen’s age, with old
layers producing more elongated eggs (Saeed et al., 2017;
Abd El-Hack et al., 2018; Farghly et al., 2019). In this
research, nearly all ESI were superior to 80, which might
be correlated to the old age of the experimental laying
hens (Saeed et al., 2017; Abd El-Hack et al., 2018).
Our results agree with the observations of Ganjigohari
et al. (2018), who found that supplementing the laying
hens’ diet with different levels of nanocalcium carbonate
had a positive effect on ESI. On another note, Catli et al.
(2012) andWang et al. (2014) reported that different Ca
sources had no effect on ESI. Data on the shell weight%
and ST that the groups supplemented with 1.0 and 1.5 g
SL-CaNps powder had higher values compared with
those of the control group. The eggshell protects the
egg contents against external damage; therefore, it
must be physically powerful enough to oppose challenges
through the processes of laying, collection, grading, and
transport, as well as up to the moment that the egg rea-
ches the customer (Pizzolante et al., 2009). Calcium is a
major element in laying hens, as 98% of eggshell is
composed of calcium carbonate. The Ca source, supple-
mentation level, and particle size all affect eggshell qual-
ity (Pelicia et al., 2009). Using nanotechnology to
potentially create particles measuring from 1 to
100 nm may be useful, with the possibility for new appli-
cations. Nanoparticles with smaller sizes have better
properties than larger ones (Sekhon, 2012). Seaweed an-
imal feed can play an important role in the diet of live-
stock as it is rich in amino acids, trace elements,
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antioxidants, and vitamins, and it also assists in nutrient
absorption (Rey-Crespo et al., 2014). Previous scientific
studies have reported that high level of nanocalcium sup-
plementation to laying hens’ diet significantly improved
egg specific gravity (Ganjigohari et al., 2018). Pizzolante
et al. (2009) reported that the Ca level and limestone
particle size had no significant effect on egg specific
gravity.
Increasing SL-CaNps levels (0.50, 1.0, and 1.5 g/kg

diet) in the diet increased serum Ca concentration at
the end of experimental period by 12.46, 12.47, and
12.50%, respectively, compared with the control group
(11.54%). Leeson and Summers (1969) reported that
Ca in the serum may be connected to other compounds
and/or as an ionic entity. The amount of serum proteins
is an important factor affecting the first form of serum
calcium concentricity. In eggshell formation, the trans-
mission rate of serum Ca is very fast, and its serum level
reduces rapidly, which causes Ca reabsorption from
bones to complement serum Ca concentration (Berne
and Levy, 2000; Ganjigohari et al., 2017).
The results of this study showed a significant improve-

ment in the composition of the eggshell after SL-CaNps
supplementation. Consistent with our results, Sekhon
(2012) found that nanoparticles with smaller size have
superior properties than larger ones. In addition,
Schmidt (2009) reported that nanoparticles can effi-
ciently provide the nutritional requirements of poultry
to promote growth, reduce environmental pollution,
and create contamination-free poultry products. The
hard calcareous shell can be divided into 3 layers of
distinct histologic structures: the mammillary layer,
the palisade layer, and the cuticle (Hodges, 1974). More-
over, the number of confluences (weak area) was lower in
the treatment groups than in the control group, indi-
cating a better utilization of SL-CaNps.
Based on our knowledge, there is no published report

related to use of SL-CaNps as a diet supplement for
laying hens, and there is need for more investigations
in that area. However, a sufficient amount of SL-
CaNps in the feed may be necessary for shell forma-
tion, skeletal health, and Ca resorption that takes
place in the duodenum. The epithelial lining of the villi
and crypts consists of a single layer of tall columnar
cells and an underlying layer of lamina propria. Muscu-
laris mucosae and submucosae are quite thin and sur-
rounded by the muscularis externa, consisting of one
circular and one longitudinal layer of smooth muscle
(Hodges, 1974).
It is observed that the columnar cells of the uterus had

2 types of cells (apical and basal cells). The first one se-
cretes Ca, whereas the basal cell secretes sinuous matrix.
Whether the surface epithelia or the tubular glands are
associated with shell mineralization was suggested by
Gay and Schaer (1971), who showed that the surface
epithelia is responsible for Ca transport in the shell
gland, whereas the matrix and cuticle are being secreted
by both apical and basal cells.
CONCLUSIONS

Based on the results of this study, we conclude that
supplementing SL-CaNps powder up to 1.5 g/kg to the
laying hens’ diet increased eggshell thickness, shell
weight% and shell weight per unit surface and had no
adverse effect on their exterior eggshell quality as evi-
denced by the electronic microscopic images of the
eggshell. That was accompanied by a significant increase
in blood serum levels of calcium and phosphorous.
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