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Mineralization changes substituted type B carbonate of PO4> ion in
the bone minerals of an archaeological sample studied
using fourier self deconvolution technique
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The aim of this study was to describe the compositional changes in the archaeological specimen using FTIR.
Fourier deconvolution was applied in the carbonate (500-650 cm "), phosphate (900-1200 cm ™), and in the amide region
(1700-1600 cm™"). The deconvolution of the spectra in the phosphate region 1200-900 cm ' reveals six components
960 cm™, 1010 cm ™', 1020 em ™', 1030 cm™', 1110 cm ™" and 1120 ecm'. The bone mineral such as CO;>, PO,* particle,
collagen, and organic materials were studied in detail from the infrared spectra. The computed parameters such as collagen
development, mineralization index, C/P proportion, crystalline index, and maturing of bone help us in characterizing the
bone samples. The Low estimation of C/P proportion resulted in changes in Type B carbonate (PO,’") substitution. The
absence of phosphate band ~1100 cm ™' and formation of B sheet structure were observed in the samples studied. Increased
level of mineralization resulted in the increased in the crystalline nature of the bone samples. The study indicates the
utilization of FTIR using self deconvolution technique which helps in understanding the compositional changes in the

archaeological sample.
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The characteristic bone tissues are calcium
phosphates, water, and collagen alongside the other
natural materials in small amounts. Collagen is the
most abundant protein of the organic matrix in
mineralizing tissues'. The bone crystals were found to
contain significant and differing measures of carbonate
and HPO,” ions. The level of mineralization is steady
with bone maturing/development and it is helpful for
the portrayal of the archaeological specimens. The
mineral part of the bone was poorly crystalline
hydroxyapatite in which CO5”" particle can substitute
for either the phosphate or the hydroxyl group
prompting to nonstoichiometric apatite mineral®. This
substitution creates vacancies and distortion that may
influence the crystal lattice and influence the
mechanical quality of the bone. This progression is
studied by Fourier self deconvolution in the selected
region of 500-650 cm ', 850-890 cm ™', 900-1200 cm .
Delphine Farlay et al. showed that mineral maturity
and crystallinity index are utilized to analyze the bone
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quality for a better understanding of the mechanism of
bone fragility’. IR spectroscopy has wide application
in biomedical fields and has been utilized to assess the
mineral substance, mineral crystallinity, phosphate,
carbonate, and collagen substance in bones*®. Various
techniques, such as X-ray diffraction, FTIR, NMR,
ESR are utilized to study bone tissue and other
biological material to decide mineral structures”™®. FTIR
is a nondestructive tool and it gives the conformation
regarding the changes in absorption frequency and
intensity of the wvarious functional groups in the
specimen’. Hence it is appropriate to assess the
variation in the chemical composition and mineralogy
in the bone specimen. The most characteristic chemical
groups such as PO437, C0327, HPO42 present in the bone
specimen was studied using FTIR spectrum™'’. It gives
an efficient way of checking various characteristic
groups and vibrations. Further, it gives data about the
location of peak, intensity, width, and wavenumber
range. FTIR allows to describe the nature of both
mineral and collagen in bone tissue.

The structure and the chemical composition of
archaeological bone material may be modified by
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interaction with the burial environment. Archaeological
bone constitutes an important in the understanding
of ancient societies as they can give evidence of human
or faunal occupation. As biomaterials, they register
for their chemical and isotopic composition
information on climate and environmental conditions'".
Hence, the study aims to assess the crystallinity of
HA minerals, collagen, and the changes in phosphate
and carbonate content based on the Fourier self
deconvolution method. Deconvolution of FTIR
spectra offers a detailed qualitative and quantitative
analysis of carbonate and orthophosphates (HPO,* and
PO*). Keeping in view of the above discussion, the
present study aims to look at the portrayal of the
archaeological bone revealed from Kerala state of
Kotapuram area, India utilizing Fourier transform
infrared spectroscopy.

Site Details of Kottapuram Fort

Kottapuram Fort is an old stronghold territory close
to Kodungalur Taluk, Thrissur area, Kerala state,
India. Kottapuram is a piece of the Thrissur region
and at the southernmost peripheral of the Kodungallur
region. This region of Kerala is rich in the history and
social convention of all the regulatory divisions of the
state. Different sorts of ceramic, red ornamented pots,
stoneware, globules, human and animal bones were
found. This was exhumed by the archaeological study
of India, Trivandrum, in the year April 2007. In 2007,
the state branch of paleontology, Government of
Kerala investigated this site deliberately and laid out a
few trial trenches.

Materials and Methods

The two animal bones (Fig. 1A) KHB- Horse bone,
KGB-Goat bone were gathered from the
archaeological review in the location of Kotapuram
region, Kerala, India. The bone specimen was cut
with a microtome. A representative portion from the
bone was ground into powder with steel mortar. For
KBR pelleting sample 1-3 mg of ground, bone was
blended with 100 mg of KBR using a hydraulic press
tomake KBr pellets. FTIR spectra were acquired
utilizing a Nicolet FTIR spectrometer controlled by
OMNIC programming. The spectra were recorded in
the region of 4000-400 cm™' with a spectral resolution
of 4 cm™'. Each spectrum was the result of an average
of 16 scans. The curve fitting calculation utilizes
Gaussian bands to deliver the computed spectrum,
which is compared with the experimental spectrum.
The procedure is iterated until an acceptable fit is

acquired by a least square regression analysis. Initial
peak positions were acquired from the second
derivative spectra of the raw data information. In
every situation, the goodness of fit (GOF) parameters
was resolved to locate the best fit from the different
algorithm. The measured % area of the computed
band was utilized for the quantitative change in the
compositions of the sample studied'*.

Results and Discussion

Figure 1B demonstrates the normal FTIR spectra of
the archaeological bone specimen collected at
Kotapuram, Kerala state, India. Table 1 shows the
tentative frequency assignment of the archaeological
bone samples. A broad and weak band ~3444 cm™’
relates to the OH group. The Amide I band emerges
because of C=0 stretching from collagen. It relates to
~1633 cm™' of the bone specimen. A strong band
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Fig. 1 — (A) A Photograph showing archaeological sample

extracted from Kottapuram region, Kerala, India; and (B) Average
FTIR spectra of bone sample

Table 1 — Tentative frequency assignment of the archaeological
sample recently excavated from kottapuram place, India

KHB KGB Frequency Assignment
3435 (vw) 3444 (w) OH group
1634 (w) 1634 (vw) Amide I group
1030 (vs) 1029 (vs) Phosphate group
542 (w) 544 (w) 3

PO,
476 (m) 479 (m)

VS-Very Strong, m-Medium, W-Weak, VW-Very Weak
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Table 2 — Computed values obtained from the
FTIR spectra of the archaeological sample

Parameter KHB KGB
C/P 0.03 0.03
Collagen maturity 0.27 2.59
Crystalline Index 2.41 3.89
Degree of mineralization 18.61 23.28
Mineralization index 27.41 29.31

~1028 cm™' associates to phosphate content. A weak
band ~ 542 cm' and medium band ~ 476 cm’
corresponds to the bending vibration of (PO,)
phosphate anion. For a quantitative study the ratio of the
band region 900-1200/1600-1700 results in the degree of
mineralization or maturing of bone". The observed
values show KGB has higher maturity and KHB has a
lower maturity of the sample studied (Table 2).

The ratio of C/P demonstrates the level of
carbonate substitution of the collagen framework in
the bone specimens. The least value was observed for
both the sample studied. The measured value of the
C/P ratio by Melainc et al. falls within our results and
it was in good agreement with the present findings
distinguishing prehistoric bone samples'®. This
change in C/P proportion is credited by the reduction
in substitution of Type B carbonate (PO,
substitutions) and increment to Type A carbonate (OH
substitutions) as shown in (Fig. 2A& 2B). The
phosphate band was obtained from the results of
curve fitting in the region 1200-900 cm™' (Fig. 2C).
Consequently, phosphate substitution in mineral
lattice demonstrates the increase in age of bone
sample or development. The clearest change observed
is an expansion in bone mineral crystallinity with
maturing, demonstrating that mineral crystallinity
increases with aging bones. This change is also
correlated with an increase in the degree of
mineralization of bone tissue.

It is observed in our case that the degree of
mineralization increases in the KGB when compared
to KHB. Crystallinity is contrarily identified with
carbonate-to-phosphate proportion i.e., lower carbonate-
to-phosphate proportion should be connected with large
crystals'”.  Carbonate-to-phosphate ~ proportion  was
additionally connected with delicacy crack”. In bone,
carbonate ions can substitute for both phosphate and
hydroxide ions when the hydroxyapatite crystal lattice
is formed'®. The collagen maturity of the sample was
calculated using the band area ratio of 1660/1690
which was obtained as results of the curve fitting
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Fig. 2 — (A) Deduced curve fitting spectra of the bone sample in
the region 640-500 cm ™' of HPO, band; (B) Deduced curve fitting
spectra of the bone sample in the region 890-850 cm ' of
carbonate band; (C) Deduced curve fitting spectra of the bone
sample in the region 1200-900 cm™' of phosphate band; and
(D) Deduced curve fitting spectra of the bone sample in the region
1700-1600 cm™" Amide region

analysis'’. These studies demonstrate that its value
washigh for KGB when compared to KHB samples
(Table 2). FTIR information reflects the persistence of
both existing mineral and further collagen maturity.
Failure of reabsorbs of the collagen matrix of the bone
would bring about increased mineral content
clarifying the distinction between the mineral of the
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Table 3 — The results of curve fitting analysis of the
archaeological sample in 500-650 cm ' region

Sample KHB KGB KHB KGB
Compositions Frequency % Area Frequency % Area
(Cm™) (Cm™)
Labile HPO4 530 12.53 524 10.02
Acid Phosphate 540 45.65 539 2943
PO, 578 30.31 556 23.22
Labile PO,* 597 9.21 582 37.33

bone specimen'®. This increased collagen cross-link
ratios (collagen maturity) could basically reflect the
persistence of older bone.

Increasing mineralization density builds the quality
of bone. Mineralization is a vital determinant of the
micro hardness. Bone micro hardness is connected to
Young's modulus of bone and is emphatically related
to mineralization. The degree of mineralization of
bone (DMB) not just impacts the mechanical
resistance of bone additionally somewhat decides the
bone mineral density. The crystallinity index was
computed” using the ratio between the peak areas
~1030 to 1010 cm™'. The high value of the C.I index
was observed for the KGB when compared to the
KHB bone sample. This band ~1110 cm™' has great
reproducibility in assessing the composition of the
bone sample in an archaeological study”. The
weakening of the crystallinity index (CI) may happen
because the development of the B sheet arrangement
as proved from curve fitting analysis which was
discussed in the section Amide region.

Fourier self deconvoluted spectral analysis in the carbonate
region

Figure 2A demonstrates the consequences of the
curve fitting investigation performed in the region
of 650-500cm™'. It indicates wide band focused
~524 cm™' and 540 cm' is assigned to acid phosphate
contents whereas HPO,” particle is promptly
substituted via carbonate group. The decrease in the
band area was seen at 530 cm ' and 540 cm™' for the
KGB and when compared with the KHB sample

(Table 3). Similar results were obtained from
human and rabbit bone by Lisa ef al using
infrared microspectroscopy’. As a result, in

KHB sample the increase in HPO,> ions creates an
anionic vacancy which is compensated by the
removal of Ca’" from the lattice as it is proven
from the C/P proportion. The principal PO, v,
mode shows up at 561 cm™' comparing to the
crystalline apatite environment® with the band of
580 cm .

Table 4 — The results of curve fitting analysis of the
archaeological sample in 850-890 cm ' region

Sample KHB KGB
Compositions Frequency % Frequency %
(Cm™) Area (Cm™) Area
Liabile Cos> 865 32.63 866 26.87
B Type Cos> 872 42.12 873 57.09
A Type Cos> 879 20.25 879 16.04

Utilizing curve fitting examination, we assessed the
relative site of carbonate substitutions for the bone
sample as shown in (Fig.2B). The three sub-bands of
the CO;* are 879, 872, and 865 cm ' are known as
Type A (OH substitution) Type B (PO;*) and
unstable CO;>” non- apatite carbonate band separately.
The type B ~872 cm' is suitable for the quantitative
calculation of carbonate in the bone minerals. These
changes in the molecular structure are recognized by
FTIR. It is because the different ionic radii of the
substitutions cause changes in the environment of the
molecular group, which results in alterations to the
characteristic vibration modes that are reflected in
their infrared absorption spectra®'. It is seen from the
(Table 4) the band area of 872 cm™' in KGB has a
higher concentration of carbonate and smallest value
as observed for KHB. The (Fig.2B) demonstrates
Type A carbonate reductions and portion of Type B
carbonate increments in the KGB sample. This shows
the development of bone towards by substitution of
OH group by PO;*" a group of hydroxyapatite of bone
specimen. Additionally a weak band ~865 cm’'
unstable CO;> was observed in our study of the
specimens.

Fourier self deconvoluted spectral analysis in the phosphate
region

The deconvolution of the spectra in the region
1200-900 cm™' reveals six components that were
needed to get a satisfactory best fit for poorly
crystalline apatite bone samples. (Fig. 2C). The
position, intensity, and band area of each component
were analysed. The results demonstrate critical
distinction in the % area of the sub-bands of 960,
1010, 1020, 1030, 1110, and 1120 cm™' (Table 5).
The band ~960 cm™' corresponds to a symmetric
stretching mode of phosphate (PO,>") consolidation.
The intensive absorption band in the range of
1040-1090 cm™' corresponds to the asymmetric
stretching mode of PO,’>". The band ~1020 cm '
is connected with non- stoichiometric apatite
(containing HPO,* /or CO;*") and at ~1030 cm'



VELRAIJ et. al.: FOURIER SELF DECONVOLUTION STUDY OF ARCHAEOLOGICAL SAMPLE 281

Table 5 — The results of curve fitting analysis of the
archaeological sample in 900-1200 cm ™' region

Sample KHB KGB

Compositions

Frequency % Frequency %
(Cm™) Area (Cm™) Area

PO, v, 961 8.02 961 9.13

symmetric

stretch

PO, v; 1013

asymmetric

stretch

PO, vs 1020 7.89 1022

asymmetric

stretch

PO," v; 1034

asymmetric

stretch

PO, 1108

vysymmetric

stretch

PO, 1120

v3symmetric

stretch

29.09 1012

19.06

12.11

26.00 1033

38.29

10.73 1110 9.80

18.27 1122 11.59

to stoichiometric apatite”. Additionally the band
~1030 cm™' is connected with crystallinity.

The peak area ratio of 1030/1020 was measured to
quantify the crystalline nature of the sample. The peak
area ratio of 1030/1020 decreases with the KHB
sample showing a decrease in crystalline nature. This
information concurs with the finding in the KHB
sample. Further the increase in the band area of the
band ~1120 cm™' of the KHB and KGB sample
prompting to development of maturation of bone,
which, is supported by the increase in the
mineralization index as seen from (Table 2). The
increase in the band area of ~ 1020 cm ' emerges
from HPO,>” substitute for the apatite lattice of a bone
sample. This band decreases with KHB and increases
in the KGB sample. As a result, the bone sample of
KGB at higher age attains changes in mineral
constitutions because of substitution of CO;* by
HPO,” ions. This might be supported by an increment
in Type B CO;” in KGB when compared with KHB
(Table 4).

Fourier self deconvoluted spectral analysis in the Amide
region

The curve fitting was performed in the amide I
band demonstrates the presence of a secondary
structure of the collagen matrix. The adjustments in
the collagen cross- linked peptides in the amide I
region were resolved to examine the secondary
structure of proteins. Amide [ band (Peptide bond

Table 6 — The results of curve fitting analysis of
the archaeological sample in Amide I region

Sample KHB KGB
Compositions Frequency % Frequency %
(Cm™) Area (Cm™) Area
p sheet 1625 64.56 1624 39.32
a helices 1654 30.49 1656 43.84
p turns 1693 4.95 1695 16.84

C=0 extends ~ 1650 cm ™' is particularly sensitive to
the secondary structure of proteins™. The (Fig. 2D)
indicates FTIR spectra of the collagen framework of
the archaeological specimen of the determined hidden
groups in the amide I region as deduced from a curve
fitting examination. The band centred ~ 1624 cm™'
allocates to P sheet, 1660 to o helix, and 1693 to
B turns of the secondary structure of proteins. For
lower mature bone (KHB) increase in B sheet and
decrease in o helix and B turns was observed when
compared with the KGB. For a helix structure, it
increases as the bone matures. This is contradictory to
our study that an increase in Psheet and o helical
results from diminishing in collagen development
which was observed for the KHB sample (Table 6).
This confirms the collagen development is because of
B sheet arrangement of the protein structure. This
might be because of the impact of the burial
environment of the bone sample where structural
alteration happens and this procedure is called a
digenesis®. Comparable results were gotten for an
archaeological specimen of animal bone where a
reduction in the band area of a helix and an expansion
at random coils has been observed.

Conclusion

The change in the various functional groups of an
archaeological bone sample was studied from FTIR
spectra utilizing the Fourier self deconvolution
technique. The computed parameters like crystalline
index, collagen maturity and maturing of bone were
obtained from the spectra. They were high for the
sample KGB and low for the KHB sample. The
phosphate band 1022 cm™' accounted for a high
crystalline index of the samples studied. It was in
good agreement with the results of the deconvolution
technique applied in the region 900-1200 cm™'. The
curve fitting in the Amide I region demonstrates the
B sheet development of the secondary structure of
the protein. Investigation in the 850-890 cm™'
demonstrates the substitution of phosphate ions by
Type B carbonate indicating maturation of bone in
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the studied samples. This Type B carbonate observed
at 872 cm ' was suitable for the quantitative
measurement in the bone minerals of the samples
studied. It was clear from the IR spectra that both
carbonate and phosphate ions have a significant
impact on the pool of bone minerals. The results
conclude that the various compositional changes in
the archaeological bone studied might be altered by
interaction with the burial environment. In this way, the
utilization of FTIR spectra with self deconvolution
strategies serves to describe the chemical compositions
and in understanding the biochemical changes in the
archaeological specimen.
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