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Abstract

Rohu (Labeo rohita) is regarded as the most preferred
carp in India. However, maintaining its freshness
during transport is challenging. Chilling is com-
monly used for short-term preservation, but spoil-
age bacteria can remain active in ice, compromising
fish quality. This study aims to identify specific
spoilage bacteria (SSB) in rohu during 14-day period
of chilled storage. The 16S rRNA sequencing of
isolates from chilled rohu identified Aeromonas
jandaei as the dominant bacterial species. Further, A.
jandaei spiked rohu samples confirmed it as the SSB.
The study findings highlight A. jandaei as SSB in
chilled rohu, which can help processors to control
its growth through better control of temperature,
packaging, or use of preservatives.

Keywords: Aeromonas jandaei, rohu, chilling, TMA,
microorganisms, SSB

Introduction

Fish is a highly nutritious source of dietary protein.
It is also one of the most perishable commodities
that require quick storage, careful handling, and
efficient distribution. The US FDA and EU recom-
mend maintaining temperatures between 0–4°C to
inhibit microbial growth and prevent spoilage
(FDA, 2017). Thus, using ice or chilled storage is the
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most practical and cost-effective method for pre-
serving raw fish. Low temperatures significantly
suppress the growth of bacteria, mold, and other
microorganisms that cause spoilage (Erkmen, 2016).
Previous studies have demonstrated that chilled
storage alone or coupled with specific additives can
extend the shelf life of fish and fishery products
(Banerjee & Maheswarappa, 2019). Generally, initial
spoilage begins enzymatically, followed by bacterial
growth. Hence, identifying specific spoilage bacteria
(SSB) is key to maintaining quality and shelf life
(Snyder, Martin & Weidmann, 2024). Specifically,
psychrotrophic bacteria, which thrive at low tem-
peratures, are the main spoilage agents in refriger-
ated meat (Taormina, 2021). In this investigation, the
identification of SSB may facilitate the management
of potential threats from the development of
microorganisms responsible for spoilage during
chilled storage. Food processors can control the
development of SSBs during chilling by adjusting
the temperature, using modified packaging, or
adding preservatives. Thus, it is crucial to identify
and understand the development pattern of specific
microorganisms to implement effective control
measures that ensure the safety and quality of food
products. Rohu, a key aquaculture species in India,
is widely transported under iced conditions. This
study focuses on identifying SSB in chilled rohu,
facilitating shelf-life extension and quality control
during low-temperature storage.

Material and Methods

The study consisted of two parts. The first part
aimed to identify SSB by examining the progression
of spoilage bacteria during 14 days of storage in ice.
Representative colonies from different storage stages



were analyzed using both biochemical and molecu-
lar methods. Bacteria that consistently increased in
number and became dominant by the end of the
experiment were identified as SSB. In the second
phase, the identified SSB was inoculated into fish
during ice storage. A faster rate of spoilage and
higher bacterial growth, compared to control,
confirmed the spoilage potential of the identified
SSB (Fig. 1).

Live rohu weighing between 1000 and 1050 g were
procured from a local fish market in Nalasopara,
Mumbai, India. The fish were stunned, washed with
ice-cold water, and packed in thermally insulated
(expanded polystyrene) storage containers with al-
ternating layers of fish and flake ice in a 1:1 ratio. The
ice was replaced daily, and the samples were stored
for up to 14 days. Samples were collected on days 1,
3, 5, 7, 9, 11, and 14 for sensory, chemical, and
microbiological analyses. Following the identifica-
tion of SSB in Phase I, a new set of fish was used in
Phase II, stored under similar conditions and inocu-
lated with the identified SSB at 10³ cfu/g for the
inoculation study (Gkana, Chorianopoulos, Grounta,
Koutsoumanis, & Nychas, 2017). Samples were
analyzed using the same methods as in phase I.

Microorganisms were isolated from samples col-
lected on different days, as described earlier (Joshi,
Nayak, Balange, Kumar, & Manjusha, 2025). Briefly,
tissue samples from stored fish were crushed in
physiological saline solution, serially diluted and
spread on agar plates. The inoculated plates were
incubated at 37°C for 36-48 h to allow microbial
growth. Total plate count (TPC) was determined
using the spread plate technique on nutrient agar,

according to previous reports (Emire &
Gebremariam, 2009). Selected colonies were further
evaluated using specific biochemical tests for
classification. In addition, the spoilage potential of
the suspected SSB was also evaluated by performing
proteolytic and lipolytic tests.

The biochemical characteristics, including pH, Tri-
methylamine (TMA) (Huss  et al.,1995; Malle & Tao,
1987), Total Volatile Basic Nitrogen (TVB-N) ( Beatty
& Gibbons, 1937), Peroxide value (PV) (Andina,
Riyanto, & Rohman, 2017) Free fatty acids (FFA)
(Rathod & Pagarkar, 2013) and Thiobarbituric acid
(TBA) (Tarladgis, Watts, Younathan, & Dugan, 1960)
were assessed to measure the spoilage process over
time. Additionally, sensory analysis was done based
on the hedonic scale sensory scorecard (Rathod &
Pagarkar, 2013).

DNA extraction and PCR amplifications were
performed as described earlier (Joshi et al., 2025).
Briefly, DNA was extracted using the lysate method
using TE buffer, with minor modifications
(Muhammed, Bindu, Jini, Prashanth, & Bhaskar,
2015). The DNA fragments were amplified using the
16S rRNA of selected isolates. This study used a
universal primer set for amplification, as described
previously (DeLong, 1992). The primers used were
27F: 5'-AGAGTTTGATCCTGGCTCAG-3' and 1492R
5'-TACGGTTACCTTGTTACGACTT-3'.

PCR product purification was performed using the
GeneJet Gel Extraction Kit (Thermo Fisher Scientific,
India) following the manufacturer’s instructions.
DNA (90/ µL) was purified using a column-based
extraction method involving binding buffer and

Fig. 1. Experimental workflow illustrating the identification and confirmation of specific spoilage bacteria in chilled rohu.
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centrifugation (SLM-MCF-14K, GeNei, India). The
eluted DNA was sequenced by Eurofins, Bangalore.
The resulting sequences were converted to FASTA
format and analyzed using BLAST, with the highest
match used to identify the bacterial species.

Results and Discussion

The total plate count (TPC) in chill-stored rohu rose
from 3 × 10³ cfu/g on day 1 to 8.7 × 108 cfu/g by
day 14 (Table 1). The bacterial load increased
gradually until day 7, followed by a sharp rise,
indicating the onset of spoilage. Biochemical analy-

sis identified five genera: Aeromonas, Pseudomonas,
Yersinia, Shigella, and Bacillus. Further, BLAST
analysis of 16S rRNA sequences confirmed the
bacterial species. Bacillus, Yersinia, and Pseudomonas
spp. made up 66% of the flora on day 1 but
decreased to 7% by day 9. Aeromonas spp. increased
from 33% to 100% by day 11, becoming the
dominant species. Further, to qualify as an SSB in
protein-rich foods like fish, bacteria must exhibit
proteolytic or lipolytic activity. Aeromonas isolates,
identified as A. jandaei, showed both gelatinase and
lipase activity, confirming them as the SSB in ice-
stored rohu.

Table 1. Changes in bacteria in ice-stored rohu

TPC Biochemically Molecularly Accession
Sampling count % identified identified spp. No.
Day (cfu/g) contribution genus (% Seq. match) (Gen Bank)

1 3 × 103 33.33 Aeromonas spp. ND -

40.00 Shigella spp. ND -

26.66 Bacillus spp. ND -

3 6 × 103 33.33 Aeromonas spp. Aeromonas jandaei (92.46%) OR678534.1

11.66 Shigella spp. Shigella sonnei (100%) CP053751.1

25.00 Bacillus spp. Bacillus firmicutes (92.46%) KY849501.1

08.33 Yersinia spp. Yersinia ruckeri (92.77%) MN505172.1

21.66 Pseudomonas spp. Pseudomonas spp. (98.34%) MN945258.1

5 1.40 × 105 50.00 Aeromonas spp. Aeromonas jandaei (97.45%) OR678534.1

09.28 Shigella spp. Shigella sonnei (96.60%) CP053751.1

18.57 Bacillus spp. Bacillus firmicutes (78.81%) KY849501.1

05.71 Yersinia spp. Yersinia ruckeri (90.06%) MN505172.1

16.42 Pseudomonas spp. Pseudomonas spp. (98.34%) MT576536.1

7 2.30 × 105 69.56 Aeromonas spp. Aeromonas jandaei (97.45%) OR678534.1

04.78 Shigella spp. Shigella sonnei (94.69%) CP053751.1

12.17 Bacillus spp. Bacillus firmicutes (87.10%) KY849501.1

03.04 Yersinia spp. Yersinia ruckeri (89.17%) MN505172.1

10.43 Pseudomonas spp. Pseudomonas spp. (100%) MT576540.1

9 4.6 × 108 93.87 Aeromonas spp. Aeromonas jandaei (94.89%) OR678534.1

01.14 Shigella spp. Shigella sonnei (94.44%) CP053751.1

02.14 Bacillus spp. Bacillus firmicutes (85.48%) KY849501.1

00.59 Yersinia spp. Yersinia ruckeri (89.17%) MN505172.1

02.24 Pseudomonas spp. Pseudomonas spp (96.81%) MT576536.1

11 6.4 × 108 100.00 Aeromonas spp. Aeromonas jandaei (97.45%) OR678534.1

14 8.7 × 108 100.00 Aeromonas spp. Aeromonas jandaei (97.45%) OR678534.1

ND: Not detected
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Sensory quality declined after day 5, with early
spoilage signs appearing by day 7. By day 9,
observations such as muddy odour, dark gills, and
soft flesh indicated that the fish had reached
rejection limits. By day 14, strong decay odour,
yellow belly, and severe texture loss confirmed
advanced spoilage, making the fish unfit for
consumption. Besides, rohu’s pH dropped from 6.78
to 6.19 over 14 days. Spoilage indicators (TMA,
TVBN, PV, FFA, TBA) rose notably from day 3,
marking the onset of spoilage. By day 9, these values
exceeded freshness limits, indicating significant
quality loss linked to increased bacterial load (Fig.
2)

Inoculation studies are essential for understanding
spoilage under realistic storage conditions. Rohu
was chilled and spiked with A. jandaei at 10³ cfu/
g and during storage, bacterial growth increased
from 3 × 10³ to 1.28 × 109 cfu/g by day 14. These
results confirmed the sustained dominance of A.
jandaei throughout the study, effectively suppressing
the growth of other microbes, as shown in Table 2.

In this study, the pH decreased from 6.22 ± 0.04 to
6.02 ± 0.13 by the 14th day of storage, which is close
to pH 6, potentially promoting protein denatur-
ation. The study revealed that all measured spoilage
indicators like TMA, TVBN, PV, TBARS, and FFA
exceeded acceptable freshness limits more rapidly in
the inoculated group compared to the control.

Chilling is a viable method for preserving fish, but
bacterial contamination remains a significant con-
cern during chilled storage. To ensure proper
preservation over extended periods, ice must be
regularly replenished as it melts. However, the
growth of psychrotrophic bacteria poses a signifi-
cant challenge during storage (Yeasmin, Reza,
Shikha, Khan, & Kamal, 2010). They produce
extracellular enzymes that degrade proteins and
lipids (Brasca et al., 2017; Wei, Wang, Sun, & Pu,
2019), ultimately reducing food quality. Previous
reports suggest that identifying the main SSB is
essential for developing effective control strategies
to combat psychrotrophic spoilage in chilled prod-
ucts. This study identified the spoilage microbes in
L. rohita during chilled storage, with a rapid increase
in bacterial load observed from day 3 (Duarte, Silva,
Pinto, Barroso, & Gil, 2020). The investigations
revealed that the chill-stored rohu harbored Bacillus,
Aeromonas, Shigella, Pseudomonas, and Yersinia spp.,
with Aeromonas spp., dominating after day 5.
Sequence analysis confirmed A. jandaei dominance
in the late spoilage stages, coinciding with rapid
changes in spoilage indicators, suggesting its role as
the SSB. Also, its protein and lipid degradation
ability supported its role as SSB. This may be
attributed to its ability to secrete bacteriocin-like
substances, cold-active enzymes, and biofilm forma-
tion, which enhance colonization and suppress
competitors, especially at 0–4°C (Ghanbari & Jami,
2013). In support, 36 Aeromonas species have been

Fig. 2. Measurement of markers of decomposition during chilled storage. Data are presented as mean ± SEM (n = 3).
TMA, Trimethylamine; TVBN, Total Volatile Basic Nitrogen; PV, Peroxide value; FFA, Free fatty acids; TBARS,
Thiobarbituric Acid Reactive Substances.
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linked to fish spoilage (Fernandez-Bravo & Figueras,
2020), with A. jandaei recognized as one of the major
SSB in chilled storage across multiple fish species.
Collectively, identifying A. jandaei as the SSB
highlights the need to control spoilage bacteria.
However, fish quality largely depends on prompt
post-harvest handling. Delayed chilling accelerates
microbial growth and tissue decay. Therefore, strict
hygiene and temperature control during handling
and transport are essential to minimize spoilage and
extend shelf life (Getu, Misganaw, & Bazezew, 2015;
Sone, Skara, & Olsen, 2019). Identification of SSB
helps to customize the packaging that minimizes the
SSB growth. Specifically, nanoencapsulation enables
controlled release of natural antimicrobials via
nanocarriers, enhancing their stability (Chadha,
2021).

Together, this study identifies A. jandaei as the SSB
in L. rohita during chilled storage, highlighting its
ability to thrive at 0°C and dominate the microbial
community. Its proteolytic and lipolytic activities
contribute to spoilage by breaking down fish muscle
components. Inoculation studies confirmed its spoil-
age potential. However, the study has certain
limitations, including reliance on a single fish
species, analysis of a limited number of isolates, and
the use of non-selective media. Future research
should include multiple species and employ ad-

Table 2. Total count of A. jandaei during chilled storage following inoculation of A. jandaei 103 cfu/g 

Storage Day Species Count (cfu/g) ~% to Total Count (TC)

Day 1 Aeromonas jandaei 1 × 103 100

Other spp. 0 0

Day 3 Aeromonas jandaei 2 × 103 66

Other spp. 1 × 103 33

Day 5 Aeromonas jandaei 9 × 104 75

Other spp. 3 × 104 25

Day 7 Aeromonas jandaei 2.1 × 105 77

Other spp. 6 × 104 23

Day 9 Aeromonas jandaei 6.8 × 108 94

Other spp. 4 × 107 6

Day 11 Aeromonas jandaei 1.03 × 109 100

Other spp. 0 0

Day 14 Aeromonas jandaei 1.28 × 109 100

Other spp. 0 0

TC: Total count on respective day; Other species include Bacillus spp., Yersinia spp., and Pseudomonas spp., but their
precise count is not mentioned as it was determined in the phase I of the study.

vanced methods. However, understanding A. jandaei
as SSB offers a basis for targeted spoilage control.
Integrating eco-friendly strategies, such as antimi-
crobial-loaded biodegradable films, can help reduce
spoilage and extend the shelf life of fish products,
particularly rohu, a widely consumed fish in the
Indian subcontinent.

Ethical approval

The experiment and subsequent handling and
sampling of the experimental fish were carried out
as per the Guidelines of ICAR-Central Institute
Fisheries Education.

Acknowledgments

The authors thank the Indian Council of Agricultural
Research (Ministry of Agriculture, Govt. of India) and the
Director, ICAR-Central Institute Fisheries Education,
Mumbai, for supporting the present study. We sincerely
thank our colleagues at the Department of Post-Harvest
Technology for their unwavering support and invaluable
help in preparing this original article. Their insightful
discussions and constructive feedback were critical of the
article.

References

Andina, L., Riyanto, S., & Rohman, A. (2017). Determi-
nation of peroxide value of red fruit oil by FTIR

Joshi, Nayak, Balange, Kumar and Manjusha 378



spectroscopy and multivariate calibration. Interna-
tional Food Research Journal, 24(6), 2312-2316.

Banerjee, R., & Maheswarappa, N. B. (2019). Superchilling
of muscle foods: Potential alternative for chilling and
freezing. Critical Reviews in Food Science and Nutrition,
59(8), 1256-1263. https://doi.org/10.1080/
10408398.2017.1401975.

Beatty, S. A., & Gibbons, N. E. (1937). The measurement
of spoilage in fish. Journal of the Biological Board of
Canada, 3(1), 77–91. https://doi.org/10.1139/f37-007.

Brasca, M., Decimo, M., Morandi, S., Machado, S. G.,
Bagliniére, F., & Vanetti, M. C. D. (2017). In P.
Poltronieri (Ed.), Microbiology in dairy processing:
challenges and opportunities (pp. 37-61). John Wiley &
Sons.

Chadha, S. (2021). Recent advances in nano-encapsulation
technologies for controlled release of biostimulants
and antimicrobial agents. In S. Jogaiah, H. B. Singh,
L. F. Fraceto, & R. De Lima (Eds.), Advances in nano-
fertilizers and nano-pesticides in agriculture (pp. 29–55).
Woodhead Publishing.

DeLong, E. F. (1992). Archaea in coastal marine environ-
ments. Proceedings of the National Academy of Sciences,
89(12), 5685–5689. https://doi.org/10.1073/
pnas.89.12.5685.

Duarte, A. M., Silva, F., Pinto, F. R., Barroso, S., & Gil,
M. M. (2020). Quality assessment of chilled and frozen
fish—Mini review. Foods, 9(12), Article 1739. https://
doi.org/10.3390/foods9121739.

Emire, S. A., & Gebremariam, M. M. (2009). Influence of
frozen period on the proximate composition and
microbiological quality of Nile tilapia (Oreochromis
niloticus). Journal of Food Processing and Preservation,
34(4), 743–757. https://doi.org/10.1111/j.1745-
4549.2009.00392.x.

Erkmen, O. (2016). Food preservation by low tempera-
tures. In O. Erkmen & T. F. Bozoglu (Eds.), Food
microbiology: Principles into practice (pp. 34–43). John
Wiley & Sons.

FDA. (2017). Guidance for industry. Food and Drug
Administration (FDA).

Fernandez-Bravo, A., & Figueras, M. J. (2020). An update
on the genus Aeromonas: Taxonomy, epidemiology,
and pathogenicity. Microorganisms, 8(1), Article 129.
https://doi.org/10.3390/microorganisms8010129.

Getu, A., Misganaw, K., & Bazezew, M. (2015). Post-
harvesting and major related problems of fish
production. Fisheries and Aquaculture Journal, 6(4),
Article 1000154. https://doi.org/10.4172/2150-
3508.1000154.

Ghanbari, M., & Jami, M. (2013). Lactic acid bacteria and
their bacteriocins: A promising approach to seafood

biopreservation. In J. M. Kongo (Ed.), Lactic acid
bacteria – R & D for food, health and livestock purposes.
IntechOpen.

Gkana, E., Chorianopoulos, N., Grounta, A., Koutsoumanis,
K., & Nychas, G. J. E. (2017). Effect of inoculum size,
bacterial species, type of surfaces and contact time to
the transfer of foodborne pathogens from inoculated
to non-inoculated beef fillets via food processing
surfaces. Food Microbiology, 62, 51–57. https://doi.org/
10.1016/j.fm.2016.09.015.

Huss, H. H., Boerresen, T., Dalgaard, P., Gram, L., Jensen,
N., Jorgensen, B., Nielsen, J., Olsen, K. B., Gill, T., &
Lupin, H. M. (1995). Quality and quality changes in fresh
fish (FAO Fisheries Technical Paper No. 348). FAO.

Joshi, S. A., Nayak, B. B., Balange, A. K., Kumar, H. S.,
& Manjusha, L. (2025). Specific spoilage bacteria in
refrigerated Rohu fish (Labeo rohita): Insights into
preservation over an 11-day storage period. Journal of
Pure and Applied Microbiology, 19(2), 1551–1564. https:/
/doi.org/10.22207/JPAM.19.2.62.

Malle, P., & Tao, S. H. (1987). Rapid quantitative
determination of trimethylamine using steam distilla-
tion. Journal of Food Protection, 50(9), 756–760. https:/
/doi.org/10.4315/0362-028X-50.9.756.

Muhammed, M. A., Bindu, B. S. C., Jini, R., Prashanth,
K. V. H., & Bhaskar, N. (2015). Evaluation of different
DNA extraction methods for the detection of adultera-
tion in raw and processed meat through polymerase
chain reaction—restriction fragment length polymor-
phism (PCR-RFLP). Journal of Food Science and
Technology, 52(1), 514–520. https://doi.org/10.1007/
s13197-013-1024-9.

Rathod, N., & Pagarkar, A. (2013). Biochemical and
sensory quality changes of fish cutlets made from
pangasius fish (Pangasianodon hypophthalmus) during
storage in refrigerated display unit at “15 to “18 °C.
International Journal of Food, Agriculture and Veterinary
Sciences, 3(1), 1–8.

Snyder, A. B., Martin, N., & Wiedmann, M. (2024).
Microbial food spoilage: Impact, causative agents and
control strategies. Nature Reviews Microbiology, 22(9),
528–542. https://doi.org/10.1038/s41579-024-00880-w.

Sone, I., Skara, T., & Olsen, S. H. (2019). Factors
influencing post-mortem quality, safety and storage
stability of mackerel species: A review. European Food
Research and Technology, 245(4), 775–791. https://
doi.org/10.1007/s00217-018-3196-z.

Taormina, P. J. (2021). Microbial growth and spoilage. In
P. J. Taormina & M. D. Hardin (Eds.), Food safety and
quality-based shelf life of perishable foods (pp. 41–69).
Springer.

Tarladgis, B. G., Watts, B. M., Younathan, M. T., & Dugan,
L. (1960). A distillation method for the quantitative

Identification of Aeromonas spp. in Rohu Spoilage 379



determination of malonaldehyde in rancid foods.
Journal of the American Oil Chemists Society, 37(1), 44–
48. https://doi.org/10.1007/BF02630824.

Wei, Q., Wang, X., Sun, D. W., & Pu, H. (2019). Rapid
detection and control of psychrotrophic microorgan-
isms in cold storage foods: A review. Trends in Food

Science & Technology, 86, 453–464. https://doi.org/
10.1016/j.tifs.2019.02.029.

Yeasmin, T., Reza, M. S., Shikha, F. H., Khan, M. N. A.,
& Kamal, M. (2010). Quality changes in formalin
treated Rohu fish (Labeo rohita, Hamilton) during ice
storage condition. Asian Journal of Agricultural Sciences,
2(4), 158–163.

Joshi, Nayak, Balange, Kumar and Manjusha 380



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


