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A B S T R A C T

Food preservation, inhibition of foodborne-pathogenic microorganisms, as well as prolonging the shelf life of
food products are all achieved through the application of irradiation technology in food preservation. In terms of
food safety and for strengthening worldwide trade of irradiated foods, the presence of a trustworthy method for
identification of irradiated foodstuff is currently the focus of attention. Since DNA has a documented high
sensitivity to ionizing radiation, this work introduces a method for the detection of gamma-irradiated (3 kGy)
calf liver through measurements of Fourier-transform infrared (FT-IR) spectra of their extracted DNA. Results
show characteristic FT-IR bands that yield significant differences between irradiated and control calf liver
samples. The guanine nucleoside band at 1491 cm−1 provides the most significant characterization.

1. Introduction

Improving food safety (meat and meat products, fish, grains, and
fruits, etc.) by getting rid of foodborne pathogens is considered as one
of the quarantine interests and purposes. Food irradiation is an effective
technology accepted for controlling foodborne-pathogens and accord-
ingly, prolongs, as long as possible, food product shelf life (WHO, 1999;
Joshi et al., 2018, Kyung et al., 2019). Definite pathogens causing meat
and meat product contamination (Escherichia coli O157:H7, Salmonella
enterica serovar Enteritidis, Campylobacter jejuni, and Yersinia en-
terocolitica) can be inactivated by irradiation at doses of 2–7 kGy
(Farkas, 2006; Henriques et al., 2014). In other words, food deconta-
mination, while preserving the nutritional value of food, can be
achieved at low doses (˂10 kGy) of gamma-irradiation (https://
onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=
THAYER%2C+DW, Thayer et al., 1995; de Souza et al., 2019). In
particular, fresh and frozen red meats have received authorization for
irradiation with doses up to 4.5 and 7.0 kGy, respectively (Li et al.,
2015; Roberts, 2016).

Based on the reported importance of food irradiation technology
and to ensure good international trading, health and safety of con-
sumer, there is always a need for an easy, fast, sensitive and inexpensive
means for the discrimination between irradiated and non-irradiated
foodstuffs. There are currently 10 authorized standard methods for the
detection of irradiated foods that are used in Europe as general Codex

methods (Delincée, 2002; Zanardi et al., 2018).
Since DNA is a main component in all raw foodstuffs of plant and

animal origins and since DNA is a vulnerable target for ionizing ra-
diation (IR) so, the identification of irradiated foods can be achieved by
following up changes in DNA structure induced by the interaction of
radiation (Fukui et al., 2017; Eugster et al., 2018). Contextually, one of
the standard methods permitted by the European Committee for Stan-
dardization (CEN) for irradiated food detection is DNA comet assay (EN
13784 (2001). Unfortunately, this method is time-consuming besides
that comet image analysis is complicated (Miyahara et al., 2000;
Verbeek et al. 2008; Cetinkaya et al., 2016).

On the other hand, vibrational spectroscopic techniques (Fourier
transform infrared, FT-IR, and Raman) have proved their potential to
provide information on the structural changes of biomolecules such as
DNA of any size (Native DNA, short oligonucleotides, etc.). These
powerful techniques received increased attention in the biophysical and
biomedical research fields (Kneipp et al., 2010; Muntean et al., 2013;
Stefan et al., 2014; Anastassopoulou et al., 2019). Interestingly, no la-
beling (such as labeling stains or isotopes) is needed in the methodology
of these spectroscopic techniques. In particular, many studies demon-
strated the capability of FT-IR spectroscopy to detect DNA damage
(Dovbeshko et al., 2000; Stefan et al., 2014; Ovissipour et al., 2019)
where functional chemical groups can be assigned by specific spectral
vibration bands. Furthermore, the vibrational and rotational motions of
the DNA molecule can be changed in response to the formation of
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mutagenic derivatives as a result of the DNA bases oxidation (Cooke
et al., 2003). In a study directed by Le-Tien et al. (2007), the structural
changes of DNA isolated from pantoea agglomerans bacterium have been
examined by FT-IR spectroscopy following the inactivation of this
bacterium by different doses of gamma irradiation. Additionally, FT-IR
can be applied to detect subtle disruptions in DNA structure exhibited
by drug interactions (Malins et al., 2002; Kanakis et al., 2005), tem-
perature (Lee et al., 2004) and counter ions (Hackl et al., 2005).

The objective of the present study is, therefore, to investigate the
feasibility FT-IR DNA spectroscopy as a new method for the detection of
irradiated calf liver (a foodstuff of animal origin that is preserved by
irradiation).

2. Materials and methods

2.1. Materials

Fresh calf liver was purchased from a local slaughterhouse. The
following chemicals were used for the extraction of DNA: sodium
chloride (NaCl), homogenizing buffer (50mM Tris-HCl, pH 8.0; 25mM
EDTA and 0.4M NaCl), sodium dodecyl sulfate (SDS), proteinase K, and
100% ethanol. All chemicals were from the analytical grade that are
commercially available. The irradiation source was cobalt-60 (Indian
Gamma Cell, 60Co) located at the Egyptian Atomic Energy Authority
(EAEA), Naser City, Cairo, Egypt.

2.2. Methods

2.2.1. Sample preparation
Liver slices from the purchased calf liver (3 slices for each of the

tested dose and control) were prepared and each slice was packaged
separately in polyethylene bags. Thereafter, all slices were preserved
overnight in a freezer at −20 oC until irradiated.

2.2.2. Calf liver irradiation
On the next day, gamma-radiation from cobalt-60 (60Co) (Indian

Gamma Cell, 60Co) was used as an irradiation source for frozen liver
samples. The applied dose was 3 kGy with a dose rate of 1.185 kGy/h.
Crushed ice-polyethylene bags were placed surrounding liver slices
during irradiation period to avoid any possible change in the taste or
nutritional value of liver samples. After irradiation, the irradiated liver
slices were re-preserved in the freezer.

2.2.3. Extraction and purification of calf liver DNA
The extraction protocol of calf liver DNA from each liver slice was

performed according to the procedures reported by Biase et al. (2002)
with minor modifications. Briefly, the 2nd day following irradiation, in
the presence of 800 μL sterile salt ice-cold homogenizing buffer (50mM
Tris-HCl, pH 8.0; 25 mM EDTA and 0.4M NaCl) and using Glass Dounce
Tissue Grinder Homogenizer Cell Mortar with Pestle, 0.4 mg was taken
from each frozen calf liver slice (the non-irradiated control and the
3 kGy irradiated test samples) and homogenized. The homogenized
tissues were transferred into sterile falcon tubes and incubated at 65 ◦C
for 90min after being mixed with 0.69M SDS and 0.69mM proteinase
K. For the precipitation of proteins and cellular debris, 700 μL of 6M
saturated-NaCl was added to each tube then vortexed for 30 s. There-
after, samples were incubated at 4 ◦C for 20min and centrifuged
(20min, 12,000 rpm) at room temperature. After centrifugation, the
supernatant was transferred to a fresh sterile tube and an equal volume
of cold 100% ethanol was added to each tube. Each sample tube was
kept at −20 ◦C for 1 h for complete precipitation of DNA and then was
subject to centrifugation (25min, 12,000 rpm) at 4 ◦C. Finally, all DNA
pellets were washed once using 100% ethanol and twice suing 70%
ethanol. DNA pellets were then allowed to dry in air.

2.2.4. Acquisition of DNA FT-IR spectra
High quality DNA spectra with no interference from water bands

can be obtained by selecting dried DNA samples for FT-IR spectral ac-
quisition (Le-Tien et al., 2007, Han et al., 2018). All FT-IR spectral
acquisitions of dried DNA pellets were performed in the absorption
mode using Bruker FTIR-Alpha 1 spectrophotometer. Complete grindig
of 100mg of anhydrous potassium bromide (KBr) with 1mg of each
dried DNA pellet was carried out to achieve almost transparent and
compressed tablets (around 13mm diameter and 1m thick) as the fi-
nalized form for the acquisition of FTIR spectra. The tablets were
scanned in an inert atmosphere. The acquisition of spectra with a total
of 64 co-added scans was carried out for each sample in the wave-
number range 4000–400 cm−1 at a spectral resolution of 4 cm−1. The
resultant spectra underwent to baseline corrections prior to any spectral
analysis for the removal of background signals.

2.2.5. Pre-processing and analysis of FTIR spectra
Acquired FT-IR spectra (4000-400 cm−1) were peak-normalized at

1011.51 cm−1 (the maximum intensity (I) in the DNA range, 1800-
800 cm−1). The peak at 1011.51 cm−1 is due to the vibration modes of
DNA sugar (Letellier et al., 1989; Liquier and Taillandier, 1996). The
average FTIR spectra were then calculated for DNA from both control
and 3 kGy-gamma irradiated calf liver samples.

All comparisons between control and irradiated samples were car-
ried out using bands in the spectral region of DNA (1800–800) cm−1

(Kondepati et al., 2006; Muntean et al., 2014; Han et al., 2019).
The peak position (PP), peak intensity (I) as well as the area under

the peak (AUP) were derived as characterization parameters from each
spectrum. For each selected peak, the value of the area under the peak
was calculated depending on the method of trapezoidal integration
with the aid of Microsoft Excel (2010).

A difference spectrum (average infrared spectrum of DNA from
3 kGy irradiated liver samples - average infrared spectrum of DNA from
non-irradiated control liver samples) was calculated to clearly validate
the possible alteration in the intensity of each peak. According to the
following equation, the percentage change in both intensity and AUP
was determined from DNA spectrum of irradiated-livers.

= −Percentage change irradiated control control x( )/ 100 (1)

Furthermore, for the precise evaluation of the shifts in the PP, the
FT-IR second derivative spectra in the DNA spectral region, 1800-
800 cm−1 were calculated after 7-point Savitzky–Golay smoothing
using OriginPro 8 software (Kondepati et al., 2006; https://scholar.
google.com.eg/citations?user=gZ5evfQAAAAJ&hl=en&oi=sra,
Elshemey et al., 2016).

2.2.6. Statistical analysis
Measurements were carried out on triplicate control and irradiated

samples. Results are presented as mean ± standard deviation. The
significance (p < 0.05) of data was calculated using the Student's t-test
with the aid of the Statistical Package for the Social Sciences (SPSS)
version 19.

3. Results and discussion

The purity of DNA samples was evaluated spectrophotometrically
by determining the A260/A280 and A260/A230 ratios and were found
to be 1.86 ± 0.09 and 1.76 ± 0.12 as average values, respectively.
With respect to the A260/A280 ratio, the values were satisfactory in-
dicating that the isolated DNA contained no protein contamination
(Glasel, 1995; Agarwal et al., 2013). Although RNase was not used, we
have relied on that the purity ratios for all extracted DNA samples were
comparable.

The molecular structure of DNA from control liver samples and the
changes exhibited in response to the irradiation of liver by gamma ir-
radiation in irradiated samples are presented in the average FT-IR
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spectra in the 1800-800 cm−1 range as depicted in Fig. 1a. The differ-
ences in peak intensities between control and irradiated samples are
represented in the FT-IR difference spectrum (Fig. 1b). The difference
spectrum (Fig. 1b) shows many positive peaks which reflect the ele-
vation in intensities of DNA functional groups compared to irradiated
liver samples.

The percentage change in the intensity, PP and AUP parameters of
the selected bands are described in details in Table 1. The shift in wa-
venumber of all bands is represented using the second derivative
spectra, as demonstrated in Fig. 2 and as tabulated in Table 1. The
assignments of examined peaks are based on the information reported
in the literature (Taillandier and Liquier, 1992; Banyay et al., 2003;
Socrates, 2004; Adali et al., 2013; Tripon et al., 2016) and are also
shown in Table 1.

Generally, the FT-IR spectrum of DNA contains 3 main regions
which are; the region of the sugar-phosphate DNA backbone
(1250–900) cm−1, base-sugar region (1500–1250) cm−1 and DNA base
region (1800–1500) cm−1 (Taillandier and Liquier, 1992; Lindqvist and
Gräslund, 2001; Gomes et al., 2009; Muntean et al., 2013). In the wa-
venumber region 1200-800 cm−1, DNA extracted from irradiated livers
exhibited no significant alterations in the absorption modes regarding
wavenumber shift, intensity and AUP, as compared with the DNA from

non-irradiated control liver samples. However, there are still noticeable
differences to be detected, particularly in the spectral region from 1200
to 1722 cm−1. An analysis of this region will be described in the fol-
lowing sections.

3.1. The region of DNA backbone (800–1250) cm−1

FTIR spectra of control and irradiated samples (Fig. 1a) and their
corresponding difference spectrum (Fig. 1b) show that there is only one
peak in this region that exhibits significant changes between DNA ex-
tracted from control and gamma-irradiated liver samples. This peak
belongs to O–P–O anti-symmetric (ѵasym P −O2 ) stretching vibration in A-
form DNA (Taillandier and Liquier, 2002), positioned at 1242.24 cm−1

and after irradiation, this peak showed no change in position as de-
tected from the 2nd derivative spectra (Fig. 2). On the other hand, its
intensity and AUP parameters of irradiated samples increased sig-
nificantly (p˂ 0.05) by 21.05% and 27.05%, respectively, with respect
to those of the control group.

The present results are in line with the results reported by Lipiec
et al. (2012) who found that by using the FTIR microspectroscopy, the
area corresponding to O–P–O backbone peak increased with increasing
proton irradiation dose for single PC-3 cells (prostate cancer cell line).
They explained that this increase in the area under this DNA backbone
peak was due to emerging gross free phosphate molecules and/or pre-
sence of DNA strand breaks. Moreover, the increase in band intensity of
this peak matches what has been reported by Muntean et al. (2014), in
response to irradiation of DNA extracted from E. coli B by ultraviolet
(UV) radiation.

3.2. The region of base-sugar (1500–1250) cm−1

As an overview, the vibration bands in this region of DNA spectra
from irradiated samples exhibit a significant increase in both intensity
and AUP in comparison to those from control samples (Table 1), these
include:

1 Deoxycytidine (dC) vibrations (N3=C4, C4–C5, N1–C2, C2–N3,
N1–C6 and C5=C6) at approximately 1298.89 cm−1.

2 Vibrations due to C2׳-endo/anti of deoxythymidine (dT) at ap-
proximately 1332.88 cm−1.

3 Vibrations due to sugars: C2׳/C3׳-endo of deoxyguanosine (dG) and
deoxyadenosine (dA) nucleosides around 1369.96 cm−1.

4 Vibrations assigned to deoxyribose: C3׳-endo for residues of all bases
(A-form conformation) at approximately 1409.11 cm−1.

5 Deoxyadenosine (dA) vibrations of N1=C6–N6 in either A- or B-
form around 1454.43 cm−1.

6 Vibrations at approximately 1494.6 cm−1 associated with N7= C8,
C8–N9, C4=C5, C4–C9 and N–C8–H of deoxyguanosine (dG),
(Letellier et al., 1989).

As noted from the 2nd derivative spectra, the three vibration modes
1494.6 cm−1, 1409.11 cm−1, and 1369.96 cm−1 significantly exhibit a
shift in PP (Fig. 2 and Table 1) of irradiated samples compared to
control. From the results of aforementioned peaks, it can be noticed that
the vibration mode of dG at 1494.6 cm−1 seems to exhibit the max-
imum increase in both intensity and AUP by 200% and 176.92%, re-
spectively.

3.3. The region of DNA nucleobases (1800-1500 cm−1)

In this region, the stretching vibrations belonging to cytosine (C)
ring are represented at an average wavenumber of 1528.59 cm−1

(Table 1) for control samples. In the case of irradiated liver samples,
this band shifts significantly (p˂ 0.05) to a lower wavenumber
(1524.47 cm−1). It has been previously reported that the loss of hy-
drogen bonding between base pairs lead to downward shifting of the

Fig. 1. a) Average FT-IR absorption spectra (1800-800 cm−1) of DNA samples
from non-irradiated control (light blue) and 3 kGy-irradiated livers (dotted red),
after peak normalization of three individual spectra per sample. b) FT-IR dif-
ference spectrum (average infrared spectrum of DNA from 3 kGy irradiated
liver samples - average infrared spectrum of DNA from non-irradiated control
liver samples). (For interpretation of the references to colour in this figure le-
gend, the reader is referred to the Web version of this article.)
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cytosine band as a result of un-stacking of DNA bases (Dong et al.,
2004). Furthermore, this band in DNA from irradiated liver samples
exhibits marked significant (p˂ 0.05) increases in both intensity (by
100%) and AUP (by 123.88%) parameters with respect to control.

Based on the 2nd derivative spectra (Fig. 2), there are two obvious
vibrations at 1571.85 cm−1 and 1600.69 cm−1, related mainly to N–H
bending and NH2 scissoring, respectively. For DNA from irradiated liver
samples, the vibration of N–H bond displays significant (p˂ 0.05) in-
crease by 83.33% and 63.49% of intensity and AUP parameters
(Table 1). With regard to NH2 scissoring band (1600.69 cm−1) in the
DNA spectrum of irradiated liver samples, the intensity and AUP
parameters also exhibit significant (p˂ 0.05) increase (55% and
55.60%, respectively) with respect to control. However, this band show
statistically considerable (p=0.05) shift to lower wavenumber
(1598.63 cm−1) in irradiated samples compared to control. This rise in
intensities of these two bands agrees with that reported in the study of

Le-Tien et al. (2007), in their effort for the inactivation of Pantoea ag-
glomerans bacteria using 60Co-gamma irradiation. They suggested that
nucleobase rings with unconnected NH2 and N–H groups might result in
the increase in the intensity of both bands.

From the 2nd derivative spectra of control and irradiated samples a
band can be clearly observed at ̴ 1630.57 cm−1. This band contains
contributions from the ring of adenine (A) base. For irradiated samples,
the mean values of intensity and AUP increase significantly (p˂ 0.05) by
42.42% and 41.40, respectively compared to control.

Additionally, a band that is characterized by a high intensity can be
seen at 1644.99 ± 3.09 cm−1 in control liver samples. This band is
significantly (p˂ 0.05) shifted to a higher wavenumber
(1651.17 ± 1.03 cm−1) in irradiated samples. This band corresponds
mainly to the stretching vibrations of C4=O4 of thymine (T) (Liquier
and Taillandier, 1996) but there are minor involvements from C6=O6,
C]N and C =C guanine (G) stretching vibrations as well (Zhou-Sun
et al., 1997). This band also reveals a significant (p˂ 0.05) increase in
both intensity (by 31.43%) and AUP (43.05%) in the irradiated sample
compared to control. Le-Tien et al. (2007) reported comparable in-
crease in peak intensity after exposure of their bacterium to gamma
irradiation of doses higher than ≥5 kGy and concluded that modifica-
tions of the chemical structure and composition of DNA bases rings
might be the reason of this subsequent increase in band intensity.

The in-plane stretching vibration of carbonyl group at guanine (G)
base ring (C6 = O6) positioned at 1711.94 cm−1 (Banyay et al. 2003)
also show significant (p˂0.05) increase in both intensity (by 23.08%)
and AUP (by 33.92%) in the spectrum from irradiated liver samples.

This rise in intensities of irradiated samples in the region of DNA
nucleobases (1800-1500 cm−1) can be attributed to the destabilization
of the DNA helix (Jangir et al., 2010). Furthermore, the increase in
intensities are similar to those described by Zhang et al. (2012).
Stacking defect of the nitrogenous bases is a conclusive explanation
provided by authors who tested the damage of calf thymus DNA
through the interaction with triadimenol as a commonly used pesticide
against fungi infecting vegetarian foods. It is noteworthy that the peak
at 1494 cm−1, referring to guanine nucleoside (dG), exhibited the most
prominent variation from control.

Collectively, the results presented here are consistent with the fact

Table 1
Detailed comparative analysis between control and irradiated calf liver samples at thirteen selected infrared absorbance bands in the region (1800-800 cm−1) with
tentative assignments (Taillandier and Liquier, 1992, 2002; Banyay et al., 2003; Tripon et al., 2016). The comparison parameters are the peak position (PP), intensity
(I), area under peak (AUP), percentage intensity (%I) and percentage area under peak (%AUP). Data are represented as mean ± standard deviation. The symbol “a”
denotes significant (p < 0.05) variation from control.

3 kGy Control

%AUP %I AUP I PP(cm−1) AUP I PP (cm−) Tentative assignment
27.05 21.05 14.89 ± 0.03 a 0.23 ± 0.00 a 1242.24 11.72 ± 0.89 0.19 ± 0.01 1242.24 ѵasym P −O2 , probable A-form DNA backbone

region
40.88 28.57 2.55 ± 0.00 a 0.09 ± 0.00 a 1297.86 1.81 ± 0.00 0.07 ± 0.00 1298.89 ± 1.03 (N3= C4, C4–C5, N1–C2,

C2–N3, N1–C6 and C5= C6)
vib. in dC

Base-sugar
region

42.19 36.36 3.37 ± 0.02 a 0.12 ± 0.00 a 1331.85 ± 1.03 2.37 ± 0.04 0.088 ± 0.00 1332.88 (C2׳-endo/anti) in dT
47.82 41.67 7.14 ± 0.00 a 0.17 ± 0.00 a 1376.14 a 4.83 ± 0.19 0.12 ± 0.0 1369.96 ± 2.06 (C2׳-endo/anti) in dA and dG
49.21 53.85 6.64±

0.06 a
0.2±
0.00 a

1401.9 ± 1.03 a 4.45±
0.10

0.13±
0.00

1409.11 ± 2.06 (C3׳-endo) residues of all bases
(A-form)

87.95 85.71 4.68±
0.10 a

0.13 ± 0.00 a 1454.43 2.49 ± 0.26 0.07 ± 0.01 1454.43 ± 2.06 (N1= C6–N6) in dA A-/B-forms

176.92 200 2.16 ± 0.07 a 0.09 ± 0.01 a 1491.54 a 0.78 ± 0.25 0.03±
0.01

1494.6 ± 1.03 (N7= C8, C8–N9, C4= C5,
C4–C9, N–C8–H) in dG

123.88 100 10.50 ± 0.65 a 0.18 ± 0.01 a 1524.47 a 4.69 ± 0.37 0.09 ± 0.01 1528.59 In-plane vib of C DNA bases
region63.49 83.33 4.12 ± 0.25 a 0.22 ± 0.01 a 1572.88 ± 1.46 2.52 ± 0.3 0.12 ± 0.02 1571.85 N–H

55.60 55 7.64 ± 0.38 a 0.31 ± 0.01 a 1598.63 a 4.91 ± 0.44 0.20 ± 0.02 1600.69 H–N–H
41.40 42.42 19.57 ± 0.80 a 0.47 ± 0.02 a 1629.54 13.84 ± 0.46 0.33 ± 0.01 1630.57 ± 1.03 (C]N; C]C) ring vib in A
43.05 31.43 38.38 ± 2.03 a 0.46 ± 0.02 a 1651.17 ± 1.03 a 26.83 ± 1.72 0.35 ± 0.01 1644.99 ± 3.09 Essentially str. vib. of

(C4=O4) in T
33.92 23.08 2.29 ± 0.07 a 0.16 ± 0.01 a 1712.97 ± 1.46 1.71 ± 0.38 0.13 ± 0.03 1711.94 (C6=O6) str. vib of G

Abbreviations: ѵ: wavenumber, str: stretching, asym: asymmetric, vib: vibration, dC: deoxycytidine, dT: deoxythymidine, dG: deoxyguanosine, dA: deoxyadenosine,
C: cytosine, A: adenine, T: thymine, and G: guanine.

Fig. 2. FT-IR second-derivative spectra of DNA samples from non-irradiated
control (light blue) and 3 kGy-irradited livers (dotted red) in the region 1760-
1200 cm−1. (For interpretation of the references to colour in this figure legend,
the reader is referred to the Web version of this article.)
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that the attacking reactive oxygen species (ROS), in particular hydroxyl
radicals (·OH), on DNA helix can evoke a number of reactions thus
resulting in modifications of the deoxyribose sugar and nucleobases
(Beckman and Ames, 1997; Lee et al., 2009; Nikitaki et al., 2015).
These oxidative modifications appear in the form of changes in the
vibrational modes of the DNA molecule groups as detected by FT-IR.
ROS specifically target guanine (G) base (Pouget et al., 2002) and this
in harmony with the drastic changes in guanine related peaks.

To sum up, it has been shown that the FT-IR spectra of DNA ex-
tracted from irradiated calf liver (at 3 kGy, a dose that is used for liver
preservation) contain plenty of characteristic features that can suc-
cessfully detect such irradiation. This is an extremely important result
as it supports the consumer right to know whether or not the liver he/
she is eating has been preserved by irradiation. Based on the discussed
results, one can select the following intensity and AUP parameters, in
order, as the most outstanding parameters for such purpose: dG nu-
cleoside at about 1494.6 cm−1, C base at 1528.59 cm−1 and dA nu-
cleoside at 1454.43 cm−1. It is noteworthy that all of the investigated
intensity and AUP parameters provide significant differences between
irradiated and control samples. Moreover, a number of significant shifts
in PP are also indicative of such differences, yet to a lower extent.

4. Conclusion

From the present work, it was shown that FT-IR spectral analysis
could reveal information on the changes occurring in DNA of irradiated
calf liver for the purpose of food preservation as an animal-based
foodstuff. Considering the feasibility of the technique, FTIR is a simple
and rapid technique (few seconds for obtaining a spectrum). It is sen-
sitive and requires no labeling (such as labeling stains or isotopes).
Moreover, the analysis of FTIR can be carried using any available sta-
tistical software. Based on the present findings, it could be suggested
that the most prominent peaks for such purpose are dG nucleoside at
about 1494.6 cm−1, C base at 1528.59 cm−1 and dA nucleoside at
1454.43 cm−1. They could be used as a useful biomarker for the de-
tection of liver preserved by irradiation. The present work could be
further generalized by performing studies to investigate the possibility
to apply the same DNA-FT-IR method to detect other irradiated food-
stuff at different doses.
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