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Influence of gamma irradiation
on rosin properties and its
antimicrobial activity
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The main component of rosin natural gum is abietic acid, which has an interesting chemical structure
to be studied with the influence of gamma-ray and the antimicrobial activity on the properties of

a cheap abundant solid state natural material of rosin. Rosin is exposed to a wide scale of gamma-
ray ranges from 0 to 100 kGy. The changes in the properties are tracked by various techniques of
FTIR, XRD, TGA, GPC, and SEM. The molecular weight of rosin changes from 370 g/mol to higher

and the morphological properties were investigated. The irradiated rosin acid (IRA) at different
irradiation doses exploited antimicrobial effect versus Gram-positive and Gram-negative as well. The
inhibition zone enhanced from 15 to 33, 14 to 28, 14 to 20, and 9 to 14 mm for Gram-positive and
Gram-negative, respectively. Moreover, bioactive behavior for irradiated rosin of 40 kGy recorded
the highest antibacterial activity against both types of bacteria. The outcome data of antimicrobial
activity are good and confirm that there is a significant effect of irradiation dose on the biocidal
activity of rosin.

Rosin is a sustainable and natural material attained from the exudation of coniferous trees and is made up of
about 90% resinous acid. Further, rosin forms different compounds such as dehydroabietic, pimaricin, labdane,
and abietic acids. These compounds are strong substances versus bacteria’. In addition, the greatly stiff three-ring
phenanthrene matrix of rosin provides the structure with outstanding mechanical features and thermos-degrada-
tion?. Rosin could be customized through addition and esterification processes relying on adjoined double bonds
and carboxyl groups, respectively®*. The attained rosin-related compounds can be inserted into the polymeric
structure as a paramount matrix°. Lately, a huge endeavor has been made to naturally sustainable substances
due to their built-in biodegradability, biocompatibility, and antibacterial activities®. They have two reactive sites;
one being the carboxylic acid function group and the other being the hidden conjugated unsaturation center’.
These reactive sites can be utilized for more treatment of the rosin molecule to transfer it to a monomer or dif-
ferent suitable intermediates to be utilized for the preparation of polymers®. Numerous sorts of polymers from
rosin have been reported in the literature’. Rosin has also been polymerized or dimerized utilizing its reactive
sites'®. In addition, rosin and its related products exhibit unique properties such as biodegradability, excellent
solvent dissolution, good biocompatibility, and lesser polarization in comparison with natural polymers such
as chitosan, chitin, guar gum, pectin, dextrin, and others!"12, The utilization of mercantile rosins relies on their
features, which differ related to the ratio of neutral constituents that represent 5-15%*. The actions of gamma-ray;,
X-ray, and high-energy electrons with materials initiate the ionization phenomena that conduct the generation
of different ions and drive out fast-mobile electrons'*. Moreover, the interactive reactions of gamma-irradiation
from ®Co and X-ray photons throughout chiefly photoelectric, Compton scattering, and pair-production, the
interactions of the high-energy electrons occur throughout coulombic interactions'. Thus, although the sorts of
radiation of substances with photons or with electrons, both situations generate species of ions and electrons's.
Thus, generated secondary, Compton, and photoelectric electrons enhance to further production of ions, the
gamma-ray-produced ions suffer different chemical interactions, mostly throughout deprotonation interactions
that produce the formation of free radicals'”'®. Depending on the rate value of the dose, the existence of oxygenic
gas molecules, and the existence of different antioxidants, these free radicals suffer numerous interactions'. In
the existence of oxygenic gas molecules, whilst the irradiated with high rates of dose such as X-ray and electron
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beam improve the crosslinking processes of radical species, the irradiation with low-dose-rate, such as in the
case of °Co of gamma-ray, induces the chains degradability of throughout oxidation processes®. At a low dose
rate, competition interactions are generated between the crosslinking chains of these free radicals and their
interactions with oxygenic gas molecules?*2. Numerous in vitro investigations confirmed their efficiency as
antimicrobials versus a wide scale of microbes?**. Clinically, rosin-dependent salves demonstrated to support
the recovery of infectious diseases of the skin related to injuries and ulcers®*. Despite the biological activ-
ity mechanism of rosin acid not being fully clarified, the physiological results of microscopic investigations
declared that exposing Staphylococcus aureus to rosin has significant effects on the wall thickness, cell aggrega-
tion, fatty acids constituents, and membrane potential®’. The rising of rosin feeding is known for an augment in
the microbicidal influence of rosin versus S. aureus, Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis,
and Candida albicans. It is reported that the lowest feeding composition of rosin 10% (g/g) prohibited the devel-
opment of microorganisms in the media of rosin-salve?*?. The antimicrobial activity of decreased gum rosin-
acrylamide copolymer-based novel nano-gel elucidated 19.3-19.8 mm and 11.2-12.5 mm of inhibition zone
versus S. aureus and E. coli, respectively”. Rosin acids-loaded polyethylene glycol-poly(lactic-co-glycolic acid)
nanoparticles are recognized for improving the antibacterial features versus foodborne bacterial pathogens™.
Further, rosin acid and its related nanoparticles are solidly effective versus antibiotic-resilient S. aureus. Formerly
mode action of rosin declared that the rosin constituent damages the microbial cell wall and cell membrane as
well. In electrophysiological tests, rosin exposures diminish cell membrane proton constituents in microbial cells.
This behavior is related to the interruption of proton transfer in the membrane-related adenosine triphosphatase
(ATPase) and leads to the uncoupling of oxidative phosphorylation. It leads to the metabolism of cells can stop
and the source of energy is vanished®..

The key subject of this work is to investigate the influence of gamma irradiation on rosin acid properties and
its antimicrobial activity. The outcome irradiated rosin acid samples with a wide range of irradiation doses are
characterized by different tools such as Fourier transform infra-red, thermal gravimetric analysis, gel permea-
tion chromatography, X-ray diffraction scanning electron microscope, transmission electron microscope, and
viscometer. Further, the microbial activity of irradiated rosin was determined versus various microorganisms
of Gram-positive and Gram-negative as well.

Materials and methods

Materials. Rosin acid was supplied from the local market (Egypt). The commercial grade rosin is provided
in a solid grains form of resin obtained from conifers as reported elsewhere®. Tetrahydrofuran is supplied by
Sigma Aldrich. Ampicillin and gentamicin were suplied from (Bio-Rad, France). All used microorganisms were
obtained from the Environmental Research Department, Theodor Bilharz Research Institute (TBRI), Egypt. All
reagents were analytically pure and were not further purified.

Gamma-ray exposure. The solid samples of rosin were exposed to gamma-ray at different irradiation
doses of 0-100 kGy with a dose rate of ~0.9 kGy/h. The source of the gamma-ray is ®Co as the main source
using an Indian cell. The test tubes (10 ml) were filled with these powders followed by ionizing irradiation at the
programmed gamma cell unit. The dose and dose rate were determined by dosimetry techniques to evaluate and
estimate the accurate dose and dose rate as aforementioned. The names of coded samples are listed in Table 1.

Characterization techniques. The infrared spectra were investigated by Fourier transform infrared
(FTIR) spectrophotometer, Perkin Elmer, USA, with a range of 4000-400 cm™. The viscosity of a mixture of
tetrahydrofuran (THF) with rosin at 25 °C is determined utilizing an Ubbelohde viscometer. The density of the
mixture of THF with rosin is determined by a pycnometer with a volume of 25 ml. The pycnometer volume is
calibrated as a function of temperature utilizing the Millipore Milli-Q water. Gel-permeation chromatography
(GPC) (refractive index detector, empower TM2 chromatography data software, flow 1 ml/min, mobile phase
THEF is utilized to find out the average molecular weight. Surface morphologies of samples were carried out
by scanning electron microscope (SEM), JSM-5400, JEOL Ltd., Tokyo, Japan. The thermogravimetric analysis
device (TGA) is conducted utilizing a TG-50 instrument from Shimadzu (Japan) for testing the thermal decom-
position of samples. The heating was carried out at a temperature range from room temperature up to 800 °C
with a heating rate of 10 °C/min under a nitrogen gas atmosphere. The N, gas flow was kept at a constant rate

Weight loss (%)
Sample Code | Mw (g/mol) | 120°C |155°C |200°C |240°C |320°C |410°C
Rosin-0 kGy R-0 370 1.20 4.94 13.39 39.98 72.39 89.00
Rosin-20 kGy R-20 710 0.40 3.05 10.26 32.63 68.16 80.66
Rosin-40 kGy R-40 719 0.06 0.70 1.63 2.60 3247 99.77
Rosin-60 kGy R-60 536 0.90 3.70 11.82 38.28 62.38 82.55
Rosin-80 kGy R-80 472 1.20 3.53 9.15 27.30 60.97 79.43
Rosin-100 kGy R-100 | 428 1.20 3.52 9.15 27.20 60.97 80.95

Table 1. Molecular weights by GPC and weight loss (%) by TGA of R-0, R-20, R-40, R-60, R-80, and R-100
samples.
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of about 20 ml/min to prevent the thermal oxidation of polymers. X-Ray Diffraction (XRD) patterns of the
investigated samples were determined by an X-ray diffractometer (a Shimadzu XRD 600). XRD patterns were
obtained at a scan rate of 5°/min on the diffractometer with CuK, radiation source, a generator voltage of 40 kV,
a generator current of 40 mA, and a wavelength of 0.1546 nm at room temperature. All the diffraction patterns
were examined at room temperature and under fixed operating conditions.

Antimicrobial activity assay. The bacterial strains Gram-positive such as Staphylococcus aureus and
Bacillus subtilis and Gram-negative such as Escherichia coli and Pseudomonas aeruginosa that were previously
isolated and identified based on their biochemical reactions in Environmental Research Department, Theodor
Bilharz Research Institute (TBRI), from wastewater samples that collected from Qluobyia, Egypt. These bacterial
strains are the most waterborne bacteria prevalent in the environment®. The antibacterial activity of irradiated
rosin with different doses of gamma-ray (i.e., 0, 20, 40, 60, 80, 100 kGy) is estimated by modified Kirby-Bauer
well diffusion technique against tested microbial species. Concisely, the pure cultures of microorganisms were
sub-cultured in Miiller-Hinton broth at 35+2 °C on a rotary shaker at 160 rpm. For microbial growth, a lawn
of culture was prepared by spreading the 100 pl fresh culture having 10° colony-forming units (cfu)/ml of each
test organism on nutrient agar plates with the help of a sterile glass-rod spreader. Plates were left standing for
10 min to let the culture get absorbed. Then, 6 mm wells were punched into the nutrient agar plates for testing
the antibacterial activity of non-irradiated and irradiated rosin. Utilizing an automatic micro-pipette, 100 pl
rosin water-suspended particles (10 mg/ml) flow onto each well on the entire plates. Then, during an all-night
incubating period at 35+2 °C, the various stages of the inhibition zone are determined. Antibiotic drugs of
Gentamicin and Ampicillin are exploited as a positive control for Gram-negative and Gram-positive microbes,
accordingly. Triplicate plates were used for each concentration and organism and the zones of inhibition were
measured. Each experiment was performed in triplicate with mean values of + SD*. Viable bacterial counts
(VBCs) assay was evaluated for each bacterial species at different times after being treated with 0.01 mg/ml of
the highest effective one of irradiated rosin, then the count of surviving each bacterial species was determined
by plate count technique. The mean values + SD of the reduction percentage of VBCs were calculated after treat-
ment according to this formula:

time® — time*
time
where time® is the time before adding irradiated rosin and time* is the contact time between bacteria and irradi-
ated rosin®.

TEM observation of treated bacterial species. Morphological changes of bacteria and mode of action
of irradiated rosin were observed under TEM for determined the effects on Gram-positive Staphylococcus aureus
and Gram-negative Escherichia coli cells. The bacterial cell was exposed to 0.01 g/ml irradiated rosin (40 KGy)
for 24 h. After exposure, the samples were centrifuged and washed, then immersed in the solution formed from
glutaraldehyde and paraformaldehyde with concentration (25%) and cacodylate level of buffer at 25 °C lasting
one hour, after that passed in 1% osmium tetraoxide. Slices of 60 nm thickness were made using a diamond
knife. The slices were put on copper grids and stained with uranyl acetate. In the end, the dehydrated grids were
investigated under TEM (EM 208S Philips, Netherlands) at 80 kV, for studying the morphological changes™®.

Statistical analysis. The statistical analysis of the results was implemented by applying the ONE-WAY
ANOVA and the results and data were examined and calculated by SPSS software version 20.

Results and discussion

Structure analysis. The chemical and physical rosin structure change that occurred by gamma irradiation
is studied via FTIR, GPC chromatography, TGA, XRD, and SEM. Gamma-irradiated rosin forms highly viscous
resin material, which is working with composites and formulations as a prepolymer for designing materials of
crosslinked polymeric features and materials. FTIR spectra referring to R-0, R-20, R-40, R-60, R-80, and R-100
samples are exposed in Fig. 1. The peaks at 3657, 2651, and 2559 cm™ indicate the peak of ~-COOH; the previous
to the unbound OH (not the main band) and the final two to bonded OH, the main familiar whereas in the solid
state, the carboxylic groups are likely to form dimmers®’. These final groups come out overlapped with overtones
and combination groups of lower-frequency vibrations from -COOH function groups®.

Stretching of -CH groups appear at 2970 and 2888 cm™ also referring to a complex shape due to the existence
of=CH, -CH,, -CH, and -CH bands, while the -CH, groups display split assigned to the existence of C=C
groups®. The narrow peak at 1691 cm™ fits chiefly to C=0O stretching. Further, it can be seen that a shoulder
appears at 1623 cm™ and overlapped a peak at 1650 cm™! associated with the existence of C=C groups. The main
intensity at 1274 cm™ is assignable to C-O deformation from the ~-COOH and the band at 891 cm™ is belonging
to the C-H deformation out of the plane of conjugated double bonds***!.

Viscosity analysis and molecular weight measurement were expressed in Fig. 2, which shows the effect of
irradiation dose on the viscosity and molecular weight of R-0, R-20, R-40, R-60, R-80, and R-100 samples,
respectively. Overall, it is noticed from Fig. 2a that the viscosity augments by augmenting the dose till reaches
40 kGy and then decreases by increasing the irradiation dose. It is thought that the viscosity of rosin increases
due to the cross-linking process. The decrement of viscosity of rosin after 40 kGy is due to the degradation pro-
cess. The determination of molecular values of irradiated R-0, R-20, R-40, R-60, R-80, and R-100 samples at a
wide range for dose is 0-100 kGy with a rate of dose ~ 0.9 kGy/h using GPC. It is seen from Fig. 2b that the M,
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Figure 1. FTIR spectra of R-0, R-20, R-40, R-60, R-80, and R-100 samples at different irradiation doses and a
fixed dose rate of ~ 0.9 kGy/h.

of samples augments by augmenting the dose almost near 40 kGy then augments by augmenting the dose. This
may be due to partial polymerization for abietic acid up to 40 kGy then the irradiation degradation of samples
after 40 kGy occurred. Further, the M,, values of R-0, R-20, R-40, R-60, R-80, and R-100 samples are listed in
Table 1 and shown in Fig. 3.

Figure 4 displays the TGA thermos-curves of R-0, R-20, R-40, R-60, R-80, and R-100 samples. Overall, it is
observed that by augmenting the dose, the thermal stability increases until it reaches 40 kGy for the sample of
R-40 then the thermal stability decreases. The increasing thermal stability is due to the dimerization and cross-
ing linking of abietic acid molecules, while the decrease that occurred after 40 kGy is due to the degradation of
dimerized molecules of abietic acid. The dimeric constituent’s thermal resistance is superior to the former situ-
ation; the dimerized constituent is perfectly formed (due to the bi-functional group existing onto abietic acid),
which improved its thermal resistance*’. Moreover, it can be noted that the R-0 has two major stages of thermal
degradation, of the first stage is 320 °C and the second stage is 410 °C. The first stage is caused by the cleavage
of O-0 bond in 7-hydroperoxy-13-abiet-8(14)-enoic acid, and the second stage may be due to the thermal
degradation of its three-ring phenanthrene skeleton*’. From Table 1 it can be noticed that at 120-320 °C the
weight loss (%) of R-40 represents the lowest value among samples, while at 410 °C represents the highest value
of weight loss (%) among samples. This is due to the dimerization of the abietic aid, which increases thermal
stability followed by the thermal degradation process.

The structural investigation of R-0, R-20, R-40, R-60, R-80 and R-100 samples are carried out also by XRD as
depicted in Fig. 5. Through the results, the two patterns are noticed. Further, the diffractograms of specimens
dehydrated at 120 °C and 150 °C are very resembling the ones mentioned in the recent study of R-0, R-20,
R-40, R-60, R-80, and R-100 samples*. It consists of a “halo” at 26=15° that is distinctive of an amorphous
structure and tends to be sharp and broad. Moreover, the small bands at 20 are equal to 22° and 33° propos-
ing an extremely minute quantity of crystallinity region distributed in amorphous matrices of R-0, R-20, R-40,
R-60, R-80, and R-100 samples*>*¢. Overall, it is noticed that the intensity of peak augments from 0 to 40 kGy
decreases from 60 to 100 kGy. This increase in intensity is assignable to the dimerization of abietic acid, while
the decrease in peak intensity may be due to some degradation structure of abietic acid according to the molecu-
lar weight of the formed structures listed in Table 1. The sequential order of peak intensity is as R-40>R-20
R-60 > R-80>R-0>R-100.

To attain supplementary knowledge on surface characteristics of dehydrated R-0, R-20, R-40, R-60, R-80,
and R-100 samples, their morphologies were examined by photomicrograph analysis of SEM as shown in Fig. 6.
Overall, it can be observed that the photomicrographs of R-0, R-20, R-40, R-60, R-80, and R-100 samples could
refer to grains and gapes structures. The homogeneity of the continuous structure was more observed with higher
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Figure 2. (a) The relationship between the viscosity of R-0, R-20, R-40, R-60, R-80, and R-100 samples and
irradiation dose and (b) exposes the relationship between the M,, of R-0, R-20, R-40, R-60, R-80 and R-100
samples and irradiation dose. The fixed-dose rate of ~ 0.9 kGy/h.

doses of radiation, while the gaps of inter-grains spaces of the R-0 sample are greater than the porosity between
grains in R-20, R-40, R-60, R-80, and R-100. Therefore, the effect of gamma rays on R-20, R-40, R-60, R-80, and
R-100 samples has a noticeable little change to some extent. It was observed that the chemical structure change
that occurred by gamma radiation was combined with little physical properties change.

From the overall characterization, the proposed chemical reaction mechanism of the gamma-ray effect on
rosin was presented in Fig. 7, while similar reactions were reported by scientists before*”*. The suggested reac-
tion mechanisms were showing the double bond rearrangement of abietic acid forming the isomer levopimaric
acid and several dimers.

Antibacterial activity of irradiated rosin.  Inhibition zone and viable bacterial counts assay. ~ Figure 8a,b
displays the Inhibition zone and viable bacterial counts assays, respectively. It is noteworthy to mention that
Table 2 shows the inhibition zones of different types of irradiated rosin acid against the bacteria of waterborne.
The inhibitions declared that irradiated rosin samples have a variable bactericidal influence on all bacteria types
Gram-positive. The highest zones of inhibition were recorded with irradiated rosin (R-40), which represented
33, 28, 20, and 14 mm versus S. aureus, B. subtilis, E. coli, and P. aeruginosa, accordingly. However, by increasing
or decreasing irradiation dose inhibition zones decreased as shown in Fig. 8a. The bacteria of Gram-positive are
more responsive to irradiated rosin than the bacteria of Gram-negative. This result is assignable to the difference
in the responsiveness of two types of microbes to irradiated rosin (40 kGy) antibacterial factor due to the dis-
similarity in the contraction of the cell wall. Nevertheless, the type of Gram-positive has a simple membrane of
cells that composes solely of peptidoglycan layers. On the contrary, the type of Gram-negative has a complicated
wall constructed with external and internal membranes including a multi-lyres intermediate of peptidoglycan.
Therefore, the wall of the cell for a positive type could be demolished more smoothly than the negative type®.
Moreover, the assay of antibacterial killer-time for viable bacterial counts (VBCs) illustrated that the VBCs re-
duction percent of S. aureus, B. subtilis, E. coli, and P. aeruginosa count after being treated with irradiated rosin
(R-40) at 1 h contact time were 31, 25, 23 and 17%, respectively, whereas VBCs reduction reached after 9 h to 99,
95, 88, and 76%, respectively, while complete inhibition (100%) occurred after 9 h, except for P. aeruginosa was
at 18 h as depicted in Fig. 8b. The outcome data is in agreement with those reported in the literature®*>C.
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Figure 3. GPC charts and information of R-0, R-20, R-40, R-60, R-80, and R-100 samples.

Figure 9 shows the TEM photomicrographs of bacteria before and after exposure to irradiated rosin (R-40)
(The most effective one). The irradiated cells of bacteria exposed some changes in morphological cells and the
solidity of the membrane. TEM photomicrographs confirmed that controlled bacterial cells have a solid normal
cell membrane, intracellular components, and cell morphological features. Otherwise, treated bacterial cells with
irradiated rosin displayed disorders in its features of morphology, which turn out to be smaller or bigger than the
control. Further, the membrane of the cell was most likely and significantly demolished, and the internal cellular
constituents, such as DNA, cytoplasm, and mitochondria were mostly lysis. The irradiated rosin attained in this
study declared considerable antibacterial activity. The bacteria of Gram-positive are more responsive to irradi-
ated rosin than the bacteria of Gram-negative assigned to the difference in cell wall composition. Nonetheless,
the bacteria of Gram-positive have a simple cytoplasmic membrane that consists only of peptidoglycan lyres
and teichoic and lipoteichoic acids. However, the cell wall of Gram-negative bacteria is more complex and has a
supplementary layer formed from lipopolysaccharide and a fine layer of peptidoglycan. Thus, the external wall
of bacteria for Gram-negative is more defiant to antibacterial factors. Thereby, the cell wall of the positive type
can be destroyed more effortlessly than a negative one®>*!. However, irradiated rosin that inflicts destruction
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Figure 4. TGA thermographs of R-0, R-20, R-40, R-60, R-80 and R-100 samples with fixed rate of
dose ~0.9 kGy/h.
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Figure 5. XRD patterns of R-0, R-20, R-40, R-60, R-80, and R-100 samples at different irradiation doses and a
fixed dose rate of ~ 0.9 kGy/h.

to all types of cell walls of Gram types affects the inactivation of cells in S. aureus and E. coli (Fig. 9). The two
main actions of the antibacterial influence of irradiated rosin are direct friction between rosin and the cells that
lead to wall destruction and considerable discharge of ROS from active sites on the rosin surface. This incidence
employs the action of bactericidal, causing cytotoxic effects against pathogenic bacteria®.

Mechanistic antibacterial activity of irradiated rosin acid (IRA). The structural features of irradi-
ated rosin that have reactive surface clarify the type of interaction between the irradiated rosin and bacteria that
rose throughout the sequential points:

a. Electrostatic interaction-induced external adsorption of irradiated rosin onto the cell membrane of
bacterial®.
Manufacture of ROS through irradiated rosin surface which has -COOH group.

c. Extracellular and intracellular interactions between ROS produced by irradiated rosin and bacterial cell
compounds.

d. The cells of bacterial inactivated by the interaction between irradiated rosin and wall of cell protein employing
a disturbance in portability and leakage of cellular components outside the cell and lysis of internal cellular
components, such cytoplasm, DNA, and mitochondria is assignable to ROS reactions as shown in Fig. 10°.
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000

Figure 6. SEM photomicrographs of (a) R-0, (b) R-20, (c) R-40, (d) R-60, (e) R-80 and (f) R-100 samples with
fixed rate of dose ~ 0.9 kGy/h.

Conclusions

This study contains the influence of gamma-ray on the rosin acid properties and its antimicrobial activity. The
outcome results showed that the changes in the properties of R-0, R-20, R-40, R-60, R-80, and R-100 samples
occurred along the range of irradiation dose exposed. The data of FTIR, TGA, XRD, GPC, SEM, TEM, and vis-
cosity referred to the noticeable changes in the emerged results. Moreover, the rosin acid samples at the whole
range of irradiation doses showed significant antimicrobial activity versus S. aureus, B. subtilis, E. coli, and P,
aeruginosa. A bioactive behavior of irradiated rosin (R-40) recorded the highest antibacterial activity against both
types of bacteria, which can be attributed to ROS reactions destroying internal cellular constituents, such as DNA,
cytoplasm, and ribosomes employing to the death of the bacterial cells. The irradiated rosin acid sample can
provide a cheap and effective antimicrobial agent against pathogenic bacteria in the environment, which limits
the problem of biological pollution and its harmful effect on human health. Moreover, it was observed that the
chemical structure change that occurred by gamma radiation was combined with little physical properties change.
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The main component of the rosin
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formed with variety of the double bonds position

Dimerization

Double bonds rearengment
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formed with variety of the double bonds position

Dimerization
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formed with variety of the double bonds position

Figure 7. The suggested reaction mechanism of gamma-ray effect on abietic acid.
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Figure 8. (a) Inhibition zones of blank and irradiated rosin and antibiotics (AM = Ampicillin and
GM = Gentamicin) against four tested bacterial species, and (b) The reduction (%) of total viable bacterial
counts (VBCs) for four tested bacterial species after exposure to irradiated rosin (R-40) at different contact

times.
Zone of inhibition (mm) 10 mg/ml

Sample S. aureus | B. subtilis | E. coli | P. aeruginosa
Rosin-0 kGy (R-0) 15+1.0 14+1.0 14+1.0 |9+0.5
Rosin-20 kGy (R-20) 26+1.3 23+1.0 18+1.3 [ 13%+1.3
Rosin-40 kGy (R-40) 33+2.1 28+1.4 2014 | 14£1.3
Rosin-60 kGy (R-60) 22+1.3 20+1.2 17+1.2 | 13+1.0
Rosin-80 kGy (R-80) 20+1.2 18+1.2 13+1.0 [ 12£1.0
Rosin-100 kGy (R-100) 17£1.0 15£1.0 13£1.0 |12+1.0
Ampicillin® (AM) 31+1.5 26+1.3 - -
Gentamicin® (GM) - - 21+15 | 16+£1.0

Table 2. Zone of inhibition (mm) 10 mg/ml of R-0, R-20, R-40, R-60, R-80, and R-100 samples. *M,, of AM
and GM were determined by the manufacturing company as mentioned in the experimental section. Note that
each concentration of AM and GM is 10 pg and sued as standard materials.
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Figure 9. TEM images of S. aureus and E. coli in free LB medium (A,C) and after exposure to irradiated rosin
of R-40 (B,D), respectively.

e

acterial Cells Damag

Figure 10. A suggested schematic diagram of (A) irradiation of rosin, (B) interaction of rosin with different
kinds of bacterial and (C) cells of bacterial inactivated by disruption of the cell wall and lysis of intracellular
constituents DNA, cytoplasm, and mitochondria.

Data availability
All data generated during this study are included in this published article.
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