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ABSTRACT
Irradiation is a new technology which can be used for foods especially for the ones
which common methods such as thermal method cannot be applied. Traditional
ice cream samples were purchased from a local market. After applying a 15 kGy
dose for sterilization, Brucella abortus and Brucella melitensis were inoculated to
samples and then treated with four doses of 1, 2, 3 and 5 kGy electron beam irradiation at −18C storage temperature. Microbial examinations were performed in
3, 7, 14 and 21 days after treatment with electron beam irradiation. Results showed
that no bacteria were observed in the initial test after use of 5 kGy dose. Applying
2 and 3 kGy reduced significantly (P < 0.05) the microbial population but could
not eliminate it completely. This study confirmed that electron beam irradiation is
a reliable way to reduce microbial population of Brucella spp. in traditional ice
cream and therefore improve food safety.

PRACTICAL APPLICATIONS
To maintain palatability of traditional ice cream, milk must not be too heated or
else pasteurization is not achieved. So, electron beam irradiation could ensure the
safety of ice cream, instead of heat treatment.

INTRODUCTION
Ice cream is a popular frozen dairy product which is identified as a high-risk food for consumers due to neutral pH,
nutrient composition and long storage time (Lee et al.
2009). The risk of contamination with pathogens in industrial ice cream is lower than handmade ones because of
some processes such as milk pasteurization, freezing and
proper sanitary conditions at all stages from production to
distribution. This becomes more important when the ice
cream is manufactured in nonstandard, poor hygienic conditions with raw material in local shops and is sold as a traditional product (Kuplulu and Sarimehmetoglu 2004).
The most common techniques that are used to reduce the
microbial population in food industry are thermal pasteurization and sterilization (Piyasena et al. 2003). But in the
case of traditional ice cream, there is no possibility to apply
the mentioned methods, especially in Iranian traditional ice
cream where producers use raw or nonpasteurized milk;
thus, it should be replaced by other reliable methods.

Irradiation is a physical treatment in which the food is
exposed to a defined dose of ionizing radiation and is used
on more than 60 food types in more than 55 countries
worldwide. It can be used as novel method to ensure safety
and quality of food (Badr 2011). This technique is used as
an effective tool to eliminate pathogens present in foods
(Aguirre et al. 2012), to reduce the spoilage, control microbial growth and delay or eliminate natural biological processes such as germination or sprouting and ripening in
fresh food (Ioannis 2010a). Furthermore, irradiation can be
used at the end of food processing, after packaging (Badr
2011; Roberts 2014). Irradiation can eliminate pathogens
directly or indirectly with impact on DNA and production
of free radicals (Kamat et al. 2000; Tahergorabi et al. 2012).
Three types of ionizing radiation are used in commercial
radiation to process products, including Gamma rays,
X-rays and accelerated electrons (Kim et al. 2010a). The two
most widely used techniques of irradiating foods are
gamma and electron beam radiation (Ioannis 2010b).
Application of electron beam irradiation has been
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emphasized as a successful technology in elimination of
microbial contamination, disinfestation and improvement
of the quality of foods and agricultural products
(Ebrahimi-Mahmoudabad and Taghinejad-Roudbaneh
2011). Although there is a restriction in the use of electron
beam irradiation due to its permeability limitation, it is preferred to gamma radiation because of its higher dose rate
which requires less time to achieve pasteurization conditions (Farkas and Mohácsi-Farkas 2011; Li et al. 2015) with
no need to use radioisotopes. Electron beam irradiation
with high energy electrons using machine-generated electrons has significant impact on inactivation of some microorganism, with minimal thermal changes in products; thus,
it is an efficient method to increase the shelf life of some
different kinds of food (Ahn et al. 2013). Since the electron
beam irradiation has no radioisotopes and minimal damaging effects on environment, it can be more accepted to use
by people as an effective technology for destruction of some
microorganisms (Li et al. 2015).
Brucellosis is one of the most common zoonotic diseases.
In many countries, e.g., in Middle East and South America,
the disease is known as an endemic disease (Seleem et al.
2010; Dasari et al. 2013). The disease in human and animals
is caused by some species of Brucella including B. abortus,
B. melitensis, B. suis, B. canis, B. ovis and B. neotomae
(Godfroid et al. 2005). However, the two most prominent
human pathogen species are B. melitensis and B. abortus
(Franco et al. 2007), with the extreme virulence for humans
caused by B. melitensis (Samaha 2008). There are several
ways to transmit this pathogen to humans, such as direct
contact with the infected animal, inhalation, ingestion of
raw milk and unpasteurized dairy products, especially ice
cream and fresh cheese (Kuplulu and Sarimehmetoglu
2004). The disease caused by these pathogens is called Malta
fever or undulant fever (Sun and Zhang 2014).
Several studies confirm the effects of gamma radiation to
destroy some pathogens in dairy products, particularly in
ice cream (Kamat et al. 2000; Adeil Pietrana et al. 2003; Jo
et al. 2007), but there are not enough evidence about the
effectiveness of electron beam irradiation. The purpose of
this study was to determine the effect of electron beam irradiation on the survival of B. melitensis and B. abortus in traditional ice cream.

MATERIALS AND METHODS
Sample Preparation
Traditional ice cream sample, which was made from raw
milk, cream, sugar and some flavors such as vanilla and
saffron, was purchased from an Iranian local market.
During transportation to the laboratory, the samples were
568
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stored in a cool box containing dry ice and attempted to be
maintained at −18C. Ten grams of ice cream samples were
transferred to sterile polystyrene containers in a laboratory
(cell culture container, 15 × 8 × 4 cm3) and stored in −18C,
and at the same time irradiation and inoculation were being
performed as well. For this experimental study, the samples
were divided into two groups including control and treatment and then the treatment group was divided into four
groups according to the irradiation dose.

Culture and Media
B. abortus and B. melitensis strains used for this study were
prepared by the Faculty of Veterinary Medicine, Semnan
University, Semnan, Iran. Strains of Brucella were cultured
on sterile Brucella agar media (Merck, Darmstadt,
Germany) containing 5% sheep blood and were incubated
in a humid atmosphere under 10% CO2 at 37C for 3 days.
To ensure purity of strains, colonies of Brucella spp. were
identified by using different biochemical tests such as H2S
and urease production, catalase activities and growth on
media containing thionine and fuchsin dyes. Bacterial suspension equivalent to McFarland turbidity standard 0.5 was
prepared in normal saline 0.9%, for inoculation of bacteria.
The concentration of the bacterial suspension was approximately 1.5 × 108 cfu/mL.

Inoculation and Irradiation
The prepared sample (10 g) was exposed to 15 kGy of electron beam irradiation in order to inactivate the entire existing bacteria. By using sterile sampler, 1 mL bacterial
suspension of each Brucella strains was inoculated into sterilized samples, and in order to unify the inoculation,
samples were homogenized manually for 2 min. Then, the
inoculated ice cream samples were irradiated with 1, 2, 3
and 5 kGy doses of electron beam irradiation at −18C using
dry ice. Irradiation processes were performed at the Radiation Applications Research Center, Nuclear Science and
Technology Research Institute, Yazd, Iran. In order to
measure the absorbed dose of irradiated samples, the FWT
dosimeter film (9F9-Far West Technology, Inc., Goleta, CA)
and cellulose triacetate dosimeter film (4091611-L15,
FujiFilm, Tokyo, Japan) with Fourier transform infrared
spectroscopy spectrometer (8300 model, Shimadzu, Kyoto,
Japan) were used. Irradiation was done by using electrons
with energies from 10 MeV electron Rhodotron accelerator
TT200 model (manufactured by IBA Industrial, Louvain-laNeuve, Belgium). Finally, the samples were transferred to a
laboratory for microbial analysis and the remaining samples
stored at −18C immediately for subsequent tests.
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TABLE 1. BRUCELLA ABORTUS COUNTS (CFU/G) IN TRADITIONAL ICE CREAM STORED AT −18C†
Irradiation dose (kGy)

1 day

3 days

0 (Control)
1
2
3
5

2.8 × 10 ± 36.1*
5.5 × 104 ± 50b
3.8 × 104 ± 28.7b
1 × 104 ± 11.5
NG‡c
5

,a

7 days

2.4 × 10 ± 11.3
3.3 × 104 ± 57.3b
2.1 × 104 ± 28.8b
104 ± 0b
c
NG
5

14 days

2.9 × 10 ± 25.2
2 × 104 ± 0b
1.7 × 104 ± 25.6b
6.6 × 103 ± 15.5b
NGc

a

5

a

21 days

2.2 × 10 ± 43.7
104 ± 0b
NGc
NGc
NGc
5

3.1 × 105 ± 60.1a
1.6 × 103 ± 5.3b
3.3 × 102 ± 7.3b
NGc
NGc

a

* Different letters on the same column indicate that there is a statistical significant difference between each other (P < 0.05).
† All the counts are the average of three independent experiments ± standard deviation.
‡ Variables with no growth (NG) at a detection limit <102 cfu/g.

Microbial Analysis
For microbial analysis of the treatment and control groups,
the samples were defrosted, mixed and homogenized manually for 2 min with 90 mL of sterile 0.1% peptone water
(Merck). The amount of 0.01 mL samples was inoculated
on Brucella agar media containing blood immediately after
treatment. The plates were incubated in humid atmosphere
at 37C for 7 days. Experiments for each strain of Brucella
were performed three times in different period of times (1,
3, 7, 14 and 21 days). Because the pH plays an important
role in survival of Brucella, this parameter was measured
during analysis to maintain about 6.5 to 7 pH (Bakhtar Biochemistry, No. b32, Tehran, Iran).

Statistical Analysis
The total experiment was repeated three times. Data were
analyzed by analysis of variance using SPSS 16.0 (Chicago,
IL) software and Tukey’s multiple comparisons. Significance
was defined at P < 0.05.

RESULTS
The survival of B. abortus and B. melitensis strains in
control and irradiated samples at different doses are presented in Tables 1 and 2, respectively. There is a significant
difference between irradiated and control groups (P < 0.05).
Also, it was obvious that increasing the irradiation dose

resulted in increasing inactivation of bacterial strains
(P < 0.05) so that no bacteria was detected in 5 kGy irradiated samples at initial count.
As shown in the Tables 1 and 2, B. abortus was more sensitive to irritation process than B. melitensis. The results
showed significant differences between different days and
number of the bacteria (P < 0.05); the only exception was
shown between days 14 and 21 after irradiation about
B. abortus, and days 1, 3 and 7 about B. melitensis.

DISCUSSION
In the present study, reduction of Brucella strains counts
was observed at all irradiation doses. However, both strain
of Brucella were observed over 21 days after treatment with
1 kGy irradiation. Our results indicate that 2 kGy dose of
electron beam irradiation was sufficient to eliminate
B. abortus after 14 days. Little regrowth on day 21 could be
due to the ability of bacteria to rebuild or recover itself partially. This fact was also observed on B. melitensis treated
with 5 kGy dose after 3 days. All B. abortus strains treated
with 3 kGy were eliminated completely after 14 days, thus,
this seems to be the effective dose and time to destroy the
bacteria. So, according to our findings, in order to have
complete elimination of B. melitensis, the amount of 5 kGy
is required.
According to an experimental study, it has been seen that
B. abortus was viable up to 1 month in ice cream (Kuplulu
and Sarimehmetoglu 2004) that is in accordance with the

TABLE 2. BRUCELLA MELITENSIS COUNTS (CFU/G) IN TRADITIONAL ICE CREAM STORED AT −18C†
Irradiation dose (kGy)

1 day

3 days

0 (Control)
1
2
3
5

3.7 × 10 ± 48.1 *
6.5 × 104 ± 21.9b
4.5 × 104 ± 15b
2.5 × 104 ± 86.2b
NGc,‡
5

a,

7 days

3.1 × 10 ± 76.4
4.5 × 104 ± 0b
6.6 × 104 ± 57.5b
1.5 × 104 ± 50b
6.6 × 102 ± 14.7c
5

a

14 days

3.3 × 10 ± 53.3
6 × 104 ± 0b
1.7 × 104 ± 25.6b
6.6 × 103 ± 15.5b
NGc
5

a

21 days

2.9 × 10 ± 16.8
3.6 × 104 ± 57.5b
2 × 104 ± 10b
3.3 × 102 ± 57.3b
NGc
5

a

3.8 × 105 ± 19.5a
1.3 × 103 ± 23.4b
NGc
6.6 × 102 ± 15.7b
NGc

* Different letters on the same column indicate that there is a statistical significant difference between each other (P < 0.05).
† All the counts are the average of three independent experiments ± standard deviation.
‡ Variables with no growth (NG) at a detection limit <102 cfu/g.
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results of the present research, which after 21 days Brucella
bacteria were observed in the control samples in traditional
ice cream. Brucella spp. can survive 87, 60, 4 and 2 days in
ultra-high temperature milk, water, yogurt with 3.5% fat
and yogurt with 10% fat, respectively (Falenski et al. 2011).
Estrada et al. (2005) reported that B. abortus can be viable
in fermented milk after 10 days even in low pH below 4 due
to its ability to recover itself (Estrada et al. 2005). The survival of Brucella spp. in milk and some dairy products were
analyzed; one was in ordinary yoghurt stored at two conditions, room temperature and 4C in 5 and 8 days, respectively (Samaha 2008). Also, Kuplulu and Sarimehmetoglu
(2004) showed that B. abortus was detected at the level of
5.4 × 102 MPN/g in vanilla ice cream samples, but there
were no Brucella spp. in the chocolate and fruit flavor ice
cream samples (Kuplulu and Sarimehmetoglu 2004).
Similar research revealed that in irradiated samples at 5 kGy
of gamma irradiation, no bacteria was observed, whereas
coliform bacteria, Listeria spp., Escherichia coli and Salmonella spp. were found in nonirradiated ice cream samples as
well (Lee et al. 2009). Another investigation revealed that
the 3 kGy dose of gamma irradiation was enough to achieve
a three-magnitude order reduction in total bacterial counts,
a two-magnitude order reduction in moulds and yeasts and
totally inactivation of coliform and Staphylococcus spp.
(Adeil Pietrana et al. 2003). Applying 1 kGy of gamma
radiation can improve the microbial quality of the ice cream
and have good efficiency to eliminate some pathogens, such
as E. coli O157:H19, Listeria monocytogenes and Yersinia
enterocolitica (Kamat et al. 2000). Also, it has been shown
that 3 kGy was an effective dose to inactivate the total
aerobic bacteria in vanilla ice cream, whereas for the
purpose of elimination in chocolate or strawberry ice
cream, 5 kGy is needed (Jo et al. 2007). Another study indicated that 2 kGy dose of gamma irradiation was enough for
complete inactivation of Enterobacteriaceae family and
3 kGy dose of gamma irradiation was sufficient for completely inactivation of the inoculated Staphylococcus aureus
that is similar with our results (Badr 2012). Fallah et al.
(2010) study results showed that 3 kGy dose of gamma
radiation was enough to elimination of E. coli O157:H7 in
ready-to-cook barbecue, but this dose could not completely
eliminate L. monocytogenes and Salmonella Typhimurium
(Fallah et al. 2010). For complete sterilization of beef jerky,
high dose such as 25–40 kGy is required, and total aerobic
bacterial count is significantly decreased with increasing
dose of electron beam irradiation (Kim et al. 2010b). Elimination of fecal coliforms and reduction of Staphylococcus
spp. count in ready-to-cook meat products were observed
by gamma irradiation treatment, and showed that 2.5 kGy
dose of gamma irradiation in combination with chilled
storage can improve the safety and extends the shelf life of
ready-to-cook meat products (Kanatt et al. 2010). Irradia570
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tion of 1 kGy for sliced cheese and 3 kGy for pizza cheese
were enough to lower the total aerobic bacteria to undetectable levels, and results showed that a low dose of less than
3 kGy of irradiation (gamma and electron beam) can
improve the microbial quality of sliced and pizza cheeses
(Kim et al. 2010a). Velasko et al. (2011) study results
showed 96% reduction of the Clostridium tyrobutyricum
spores in cheese which was treated with 3 kGy dose of electron beam irradiation (Velasko et al. 2011). Another study
that was conducted in 2012 showed that electron beam irradiation is an effective type of ionizing radiation to inactivate
Salmonella in food products (Tahergorabi et al. 2012).
Although 3 kGy irradiation dose could reduce the microbial level notably according to the type of pathogen virulence and pathogenicity, it cannot be considered as a reliable
dose because it is not clear how many Brucella bacteria is
needed to cause brucellosis. Some reports have shown that
presence of at least 10 to 100 bacteria is needed to be
inhaled for creating brucellosis infections. So even the presence of 1 cfu/g in food should be considered as a risk factor
(Kuplulu and Sarimehmetoglu 2004).

CONCLUSIONS
It can be concluded that electron beam irradiation technology is an acceptable method to reduce microbial contamination of Brucella spp. in traditional ice cream for which
there are limitations to use common methods such as
thermal processing.

ACKNOWLEDGMENTS
Authors are grateful to the Process and Application
Research Center of Radiation, Yazd, Iran and Dr. Hamid
Staji (Department of Pathobiology, Faculty of Veterinary
Medicine, Semnan University, Semnan, Iran) for his sincerely preparation of bacterial strains. This study was financially supported by Shahid Sadoughi University of Medical
Sciences, Yazd, Iran.

REFERENCES
ADEIL PIETRANA, M.S., NARVAIZA, P., HORAK, C. and
KAIRYAM, E. 2003. Irradiated ice cream for
immunosuppressed patients. Int. J. Radiat. Phys. Chem. 66,
357–365.
AGUIRRE, J.S., ORDONEZ, J.A. and DE FERNANDO, G.D.G.
2012. A comparison of the effects of E-beam irradiation and
heat treatment on the variability of Bacillus cereus
inactivation and lag phase duration of surviving cells. Int. J.
Food Microbiol. 153, 444–452.

C 2015 Wiley Periodicals, Inc.
Journal of Food Processing and Preservation 40 (2016) 567–571 V
Journal of Food Processing and Preservation •• (2015) ••–•• © 2015 Wiley Periodicals, Inc.

F.
F. HOSEINPOUR
HOSEINPOUR GANJAROUDI
GANJAROUDI ET
ETAL.
AL.

AHN, D.U., KIM, I.S. and LEE, E.J. 2013. Irradiation and
additive combinations on the pathogen reduction and quality
of poultry meat. Poult. Sci. 92, 534–545.
BADR, H.M. 2011. Inactivation of Mycobacterium
paratuberculosis and Mycobacterium tuberculosis in fresh soft
cheese by gamma radiation. Int. J. Radiat. Phys. Chem. 80,
1250–1257.
BADR, H.M. 2012. Improving the microbial safety of ice cream
by gamma irradiation. Food Public Health 2, 40–49.
DASARI, S., NAHA, K. and PRABHU, M. 2013. Brucellosis and
tuberculosis: Clinical overlap and pitfalls. Asian Pac. J.
Trop. Med. 6, 823–825.
EBRAHIMI-MAHMOUDABAD, S.R. and
TAGHINEJAD-ROUDBANEH, M. 2011. Investigation of
electron beam irradiation effects on anti-nutritional factors,
chemical composition and digestion kinetics of whole cotton
seed, soybean and canola seeds. Int. J. Radiat. Phys. Chem. 80,
1441–1447.
ESTRADA, A., MOTA DE LA GARZA, L.,
SANCHEZ MIROSAVA, M., LOPEZ, E.M.,
FILARDO KERESTUPP, S. and AHIDELOPEZ, M. 2005.
Survival of Brucella abortus in milk fermented with a yoghurt
starter culture. Rev. Latinoam. Microbiol. 47, 88–91.
FALENSKI, A., MAYER-SCHOLL, A., FILTER, M., GOLLNER,
C., APPEL, B. and NOCKLER, K. 2011. Survival of Brucella
spp. in mineral water, milk and yogurt. Int. J. Food Microbiol.
145, 326–330.
FALLAH, A.A., SAEI-DEHKORDI, S.S. and RAHNAMA, M.
2010. Enhancement of microbial quality and inactivation of
pathogenic bacteria by gamma irradiation of ready-to-cook
Iranian barbecued chicken. Int. J. Radiat. Phys. Chem. 29,
1073–1078.
FARKAS, J. and MOHÁCSI-FARKAS, C. 2011. History and
future of food irradiation. Trends Food Sci. Tech. 22, 121–126.
FRANCO, M.P., MULDER, M., GILMAN, R.H. and SMITS, H.L.
2007. Human brucellosis. Lancet Infect. Dis. 7, 775–786.
GODFROID, J., CLOECKAERT, A., LIAUTARD, J.P., KOHLER,
S., FRETIN, D., WALRAVENS, K., GARIN-BASTUJI, B. and
LETESSON, J.J. 2005. From the discovery of the Malta fever’s
agent to the discovery of a marine mammal reservoir,
brucellosis has continuously been a re-emerging zoonosis.
Vet. Res. 36, 313–326.
IOANNIS, S.A. 2010a. Chapter 1. Irradiation of Food
Commodities: Techniques, Applications, Detection, Legislation,
Safety and Consumer Opinion, 1st Ed., Academic Press,
United States of America.
IOANNIS, S.A. 2010b. Chapter 2. Irradiation of Food
Commodities: Techniques, Applications, Detection, Legislation,
Safety and Consumer Opinion, 1st Ed., Academic Press,
United States of America.

EFFECT OF
OF IRRADIATION
IRRADIATION ON
ON BRUCELLA
EFFECT
BRUCELLA

JO, C., KIM, H-J., KIM, D., LEE, W-K., HAM, J-S. and
WOOBYUN, M. 2007. Radiation sensitivity of selected
pathogens in ice cream. Food Control 18, 859–865.
KAMAT, A., WARKE, R., KAMAT, M. and THOMAS, P. 2000.
Low-dose irradiation as a measure to improve microbial
quality of ice cream. Int. J. Food Microbiol. 62, 27–35.
KANATT, S.R., SHOBITA RAO, M., CHAWLA, S.P. and
SHARMA, A. 2010. Shelf-life extension of convenience meat
products sold in Indian supermarkets by radiation processing.
Int. J. Radiat. Phys. Chem. 79, 1259–1263.
KIM, H-J., HAM, J-S., LEE, J-W., KIM, K., HA, S-D. and JO, C.
2010a. Effects of gamma and electron beam irradiation on the
survival of pathogens inoculated into sliced and pizza cheeses.
Int. J. Radiat. Phys. Chem. 79, 731–734.
KIM, H-J., CHUN, H-H., SONG, H-J. and SONG, K-B. 2010b.
Effects of electron beam irradiation on the microbial growth
and quality of beef jerky during storage. Int. J. Radiat.
Phys. Chem. 79, 1165–1168.
KUPLULU, O. and SARIMEHMETOGLU, B. 2004. Isolation and
identification of Brucella spp. in ice cream. Food. Control. 15,
511–514.
LEE, J-W., KIM, H-J., YOON, Y., KIM, J-H., HAM, J-S., BYUN,
M., MIN, B., JO, C. and SHINE, M. 2009. Manufacture of ice
cream with improved microbiological safety by using gamma
irradiation. Int. J. Radiat. Phys. Chem. 78, 593–595.
LI, S., KUNDO, D. and HOLLEY, R.A. 2015. Use of lactic acid
with electron beam irradiation for control of Escherichia coli
O157:H7, non-O157 VTEC E. coli, and Salmonella serovars on
fresh and frozen beef. Food Microbiol. 46, 34–39.
PIYASENA, P., MOHAREB, E. and MCKELLAR, R.C. 2003.
Inactivation of microbes using ultrasound: A review. Int. J.
Food Microbiol. 87, 207–216.
ROBERTS, P.B. 2014. Food irradiation is safe: Half A century of
studies. Int. J. Radiat. Phys. Chem. 105, 78–82.
http://dx.doi.org/10.1016/j.radphyschem.2014.05.016.
SAMAHA, H.A.M. 2008. Viability of Brucella melitensis Biovar 3,
in milk and some dairy products. Egypt. J. Med. Microbiol.
17, 179–185.
SELEEM, M.N., BOYLE, S.M. and SRIANGANATHAN, N. 2010.
Brucellosis: Are emerging zoonosis. Vet. Microbiol. 140,
392–398.
SUN, G-Q. and ZHANG, Z-K. 2014. Global stability for a sheep
brucellosis model with immigration. Appl. Math. Comput.
246, 336–345.
TAHERGORABI, R., MATAK, K.E. and JACZYNSKI, J. 2012.
Application of electron beam to inactivate Salmonella in food:
Recent developments. Food Res. Int. 45, 685–694.
VELASKO, R., ORDONEZ, J.A., CABEZA, M.C., DE LA HOZ,
L. and CAMBERO, M.I. 2011. Use of the E-beam radiation to
diminish the late blowing of cheese. Int. Dairy J. 21, 493–500.

C 2015 Wiley Periodicals, Inc.
Journal of Food Processing and Preservation 40 (2016) 567–571 V
Journal of Food Processing and Preservation •• (2015) ••–•• © 2015 Wiley Periodicals, Inc.

571
5

