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Abstract
Breast milk is the peak nourishment, providing complete nutrition for infants throughout their
developmental stages during the initial six months of life.

Advancements in the understanding of breast milk composition have revealed its complex nutritional,
immunological, and bioactive components, explaining many of the health benefits associated with bre
astfeeding. In this work, samples of breast milk powder were analyzed and characterized by employing
X-ray Diffraction (XRD) procedure. The samples were obtained on monthly basis from two mothers
for a period of six months within Kano state, Nigeria. The method is a tool for finding, constitution
and structure as well as describing particle size. During lactation period, the XRD spectrums of
breast milk samples for each month follow the same pattern (all the spectra are almost identical). This
showed the uniformity of compounds present in each sample during lactation period across six
months. The findings revealed the presence of three most essential compounds including carbohydrate
having anorthic and monoclinic crystal system with corresponding d-spacing of 4.4590A and
4.4100A respectively. Protein was also present having monoclinic and orthorhombic crystal system
with d-spacing of 3.2140A and 4.0140A respectively. Fat has anorthic and monoclinic crystal system
with respective values for d-spacing of 4.4590A and 4.4100A. The crystal size tends to reduce as

lactation period increase while density was in the range of 1.00-2.12g/cm3
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INTRODUCTION

Leading health organizations such as the American Academy of Pediatrics (AAP), the
American Medical Association (AMA), and the World Health Organization (WHO) endorse
breastfeeding as the best option for infants. It strengthens a child’s immune defenses against
infections, lowers the risk of allergies, and helps guard against chronic illnesses. The AAP
advises only breastfeeding for the initial six months, and then continued breastfeeding
through at least the a year and more, if both mother and child desire (Elana, 2015; Isah et al.
2021).
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In determining compounds and crystal structure, various researches including that of Tsai et
al., (2011), identified the structure of nano-calcium compounds in milk powder using X-ray
powder diffraction. It revealed the orthorhombic, hexagonal and tetragonal structure of
calcium carbonate, hydrated calcium carbonate and hydrated calcium peroxide compounds
respectively. Also, non-artificially derived calcium compounds used in the food industry are
characterized by a research carried out by Trinkunaite-Felsen, Zalga and Kareiva (2012).
Calcium compounds naturally obtained from sources such as dairy, seashells, and bovine
bones exhibit notable differences in particle size, chemical composition, structural
environment, and calcium content, depending on their origin.

It was also found that the crystallite and particle magnitude, along side the surface area of
calcium carbonate powder have been significantly altered due to the biofield energy
treatment of the powder. It also indicated that the rate of dissolution of calciumcarbonate in
human gastric fluid may increase, following biofield energy treatment (Mahendra et al.,
2015). Lipid constituent in human breast milk also changes between different mothers
within lactation period (Sala-vila et al., 2005).

Synthesized powders of cadmium tin oxide (Cd2SnOs) and zinc tin oxide (ZnoSnO,) were
also analyzed using Powder X-ray Powder Diffraction (PXRD). The PXRD pattern showed
that the Cd,SnO; crystallizes in orthorhombic structure with cell parameters a=5.568(2)A,
b=9.894(3)A, and ¢=3.193(1)A while that of Zn,SnO; crystallizes as cubic cell parameters

a=8.660(2)A (Jeyadheepan & Sanjeeviraja, 2014; ).

While many studies of human milk composition have been conducted, components of
human milk are still being identified. Standardized, multi-population studies of human milk
composition are needed to create a comprehensive reference inclusive of nutrients and
bioactive factors. This research intends to provide information (identification, measurement
and characterization) of such compounds using X Ray Diffraction (XRD) technique which
can be used as a literature for scientific purpose.

METHODOLOGY

X-ray diffraction depends on the constructive interference between monochromatic X-rays
and a crystalline material. The X-rays, produced in a cathode ray tube (Figure 1), are sieved
to ensure monochromatic radiation, collected to focus the beam, and directed toward the
sample. When the incident rays meet the conditions of Bragg’s Law, constructive
interference occurs, generating diffracted beams. This principle links the radiation
wavelength to the diffraction angle and the lattice spacing of the crystal. The diffracted rays
are then recorded and analyzed. By scanning across a range of 20 angles, all possible
diffraction orientations are captured due to the random arrangement of powdered samples.
Changing diffraction peaks into d-spacings leads to mineral identification, since all mineral
possesses a distinct set of d-spacings, typically matched against standard reference patterns
(Dutrow & Clark, 2017).

The procedure is illustrated in Figure 1.0:
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Figure 1.0: Basic Features of a typical XRD Experiment (www.eserc.stonybrook.edu, 2017).

A crystal is obtained through periodic repetition of a unit cell within a lattice. The unit cell
may consist of an atom or a fixed arrangement of atoms. Crystals are composed of atomic
planes separated by a distance d, which can be further resolved into multiple planes, each
with distinct d-spacings. The lattice parameters —defined by the unit cell dimensions (a,b,c)
and the interaxial angles (a,f,y)—can be accurately determined using X-ray diffraction
(XRD) (www.eserc.stonybrook.edu, 2017).

Miller indices (hkl) values (Figure 1) are the reciprocals of the fractional intercepts which the
plane makes with crystallographic axes (www.eserc.stonybrook.edu, 2017)

For a simple cubic (a = b = c = ag), the spacing distance (d)) is given in equation
(1.0))

a
Ay = oz perr (1.0)

The values of full width at half maximum (FWHM) were replaced into the Scherrer’s

equation (Tsai ef al., 2011) to obtain the crystal size.
p=-22 (2.0)

" BcosO

where D=crystal size, K=constant set as 0.9, A =Xray wavelength, B=value of FWHM and
f=diffraction angle

Sampling and Preservation

Fresh breast milk samples were collected from two donors (within Kano State, Nigeria)
instantly into sterile screw bottles to avoid contamination. The nipples were also sterilized
with cotton bud prior to milking. Collection of samples was conducted for a period of
6months from the same donors.

The Collected samples were then instantly conveyed to the central laboratory, Bayero
University, Kano for preservation. The samples were converted to powder form using the
freeze-drying machine and then kept at room temperature before being conveyed to the
Centre for Energy Research and Training (CERT), Ahmadu Bello University, Zaria for
preparation and irradiation (Ahmed et al. 2016)
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Determination of Compound

The samples were examined using a reflection-transmission spinner stage under Theta-
Theta geometry. As both the sample and detector move round through their respective
angles, the diffracted X-ray intensity is continuously measured. A peak in intensity arises
when lattice planes within the mineral possess d-spacings that satisfy diffraction at a given
0. Results are typically reported as peak positions at 20 along with X-ray counts (intensity),
presented either in tabular form or as x-y plots. Intensity (I) may be expressed as peak
height above background, representing the area beneath the peak. Relative intensity is
determined by comparing the peak intensity to that of the strongest peak (relative intensity =
I/I; x 100) (NGRL, 2016).

The d-spacing for each diffraction peak is calculated using Bragg's equation with the
appropriate wavelength (\). The moment all d-spacings were obtained, automated search-
and-match algorithms compare the values from the unknown sample with those of known
materials. Since every mineral possesses a distinct set of d-spacings, this comparison enables
accurate identification of the sample. The procedure typically begins by ordering the d-
spacings according to intensity, starting with the strongest peak. Extensive reference files
containing d-spacings for hundreds of thousands of inorganic compounds are available
through the International Centre for Diffraction Data (PDF) and the Crystallography Open
Database (COD). In this study, the peaks were matched against compounds listed in the
COD 2016 database using Panalytical X'Pert Highscore Plus software (NGRL, 2016; Isa et al.
2020).

RESULTS & DISCUSSION

As reported by several research, the need to provide more information on composition of
breast milk base on identification, measurement and characterization. The XRD diffraction
pattern for breast milk samples were presented in Figures 2-12. Also characterization of the
identified compounds was based crystal system & lattice parameters (including miller
indices and d-spacing). The mass, volume & density of the unit cells were also taken into
consideration.
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Figure 2, 3 & 4: X-ray powder diffraction pattern for U21, U12, U22 & U13 samples for 1st ,2nd & 3rd Months
Respectively
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Figure 5, 6 & 7: X-ray powder diffraction pattern for U23, U14,U24 & U15 samples for 3rd ,4th &5th Months
Respectively
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Figure 8, 9 & 10: X-ray powder diffraction pattern for U25, U16, & U26 samples for the Fifth & Six Months
Respectively

The result indicated the presence of three most probable compounds (main macro nutrients)
including carbohydrate (lactose), protein (lysozym and casien), fat and in few cases
cholesterol. During lactation period, the XRD spectrums of breast milk samples for each
month follow the same pattern (all the spectra are almost identical). This showed the
uniformity of compounds present in each sample during lactation period across the six
months.

Carbohydrate being the major/ predominant compound (galactopyranosyl/glucopyranose
C2405,H,4 /0,4,Co4Hyg) is present in all the samples across the period of sample collection.
The crystal system is anorthic with lattice parameters: a=5.06 A, b=7.63 A, c=19.66A,
a=81.00°, p=84.35°, y=74.57°, miller indices (102) and monoclinic with lattice parameters:
a=4.78A, b=2154 A, c=7.76A, a=90.00°, p=105.91°, y=90.00°, miller indices: (111). The
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corresponding d-spacing are 4.4590A and 4.4100A for anorthic and monoclinic crystal
system respectively.

The next abundant compound is protein (aminocotinamide/pyrazole

Cy4Hy8N13,0,/ NigH3,Cy4) Observed between the 2nd, 3rd and 4th month of sample collection.
The crystal system is monoclinic with lattice parameters: a=14.35A,b=4.81A, ¢=9.67A,
a=90.00°, $=99.22°, y=90.00°, d-spacing=3.2140, miller indices: (112) and orthorhombic with
lattice parameters (a=8.19A, b=12.60 A, c=6.75A, a=90.00°, $=90.00°, y=90.00°d-
spacing=4.0140, miller indices: (121).

Fat (dimethylheptanoic acid) has a compound formula C4H1g0,. The result shows anorthic
crystal system during the first and second month with lattice parameters: a=5. 06A, b=7.63A,
c=19.66A, a=81.00°, 3 =84.35°, y =74.57°, d-spacing=4. 4590A, miller indices: (102).
Monoclinic crystal system was also observed during the 3t to 9" month of lactation period
with lattice parameters: a=4. 78A, b=21.54A, c=7.76A, a=90.00°, B =105.91°, y =90.00°, d-
spacing= =4.4100A, miller indices: (117).

The crystal size tends to reduce as lactation period increases. Protein grain
size was higher than that of carbohydrate. The density is in the range of 1.00-2.12g/cm? with
the highest value observed in U26 (2.12g/cm3) and the lowest (1.00 g/cm?) observed in the
1st, 2nd and 4th month.

CONCLUSION

Breast milk samples were analysed using XRD. The samples were obtained for a period of
six (6) months from same donors in urban locations within Kano State, Nigeria. The
identified compounds were characterized based on the lattice parameters, crystal system, d-
spacing, mass, volume, density and crystal size.

The findings revealed the presence of three most essential compounds including
carbohydrate having anorthic and monoclinic crystal system with corresponding d-spacing
of 44590A and 4.4100A respectively. Protein was also present having monoclinic and
orthorhombic crystal system with d-spacing of 3.2140A and 4.0140A respectively. Fat was
has anorthic and monoclinic crystal system with respective values for d-spacing of 4.4590A
and 4.4100A. The crystal size tends to reduce as lactation period increased while density was
in the range of 1.00-2.12g/cm? The findings has a strong correlation with the research of Isa
et al. (2020 & 2021).
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