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Abstract
Sweet potato (Ipomoea batatas (L.) Lam.) is one of the valuable crops producing the highest root dry
matter content for human consumption. Sweet potato breeding is very challenging due to its genetic
complexity. The tuber flesh colour variation ranges from white, cream, yellow, orange and purple. High
dry matter content, carotene and anthocyanins are the main tuber characters preferred by consumers
and processors. In this study, a population consisting of 200 F1 progenies from a cross of S-1 (white
fleshed) and ST-14 (orange fleshed) were analyzed for dry matter, starch and β-carotene content. The
dry matter content of the progenies ranged from 18.58% (OW48) to 45.7% (OW15) and 30 per cent of
the progenies showed a dry matter content of 35 - 40%. The starch content accounted variations from
9.80 to 32.70 per cent and only 9 per cent showed starch content above 30 per cent. Among the
progenies, β-carotene ranged from 0.02 – 11.03 mg/100g FW. The progenies OW4, OW27, OW37,
OW43, OW126 and OW169 recorded the highest dry matter, β-carotene as well as high starch content.
Among the progenies orange flesh colour was predominant and from the OFSP progenies, the most
predominant tuber flesh colour observed was light orange (28%), orange (22%) and deep orange (4%)
colour respectively.
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Introduction

Sweet potato (Ipomoea batatas L. Lam) is a dicotyledonous
tuber crop belonging to the morning glory family,
Convolvulaceae. It is the world’s seventh most important
food crop, grown more in developing countries than any
other tuber crops. The annual production of sweet potato
is estimated to be 110.7 MT from an area of 8.2 M ha
with a productivity of 13.5 t ha-1. China is the world’s
largest producer of around 79 MT from about 3.5 M ha.
India comes ninth in production which is about 1.13
MT from an area of 0.11 M ha with a productivity of
10.2 t ha-1, of which maximum is contributed by Odisha
state (FAO, 2013).

Besides its importance as human food, sweet potato
provides raw material for industrial purpose and also used

as animal feed. The tuber flesh colour variation in sweet
potato is significant and a noticeable variation includes
white, cream, orange and purple depending upon the
presence or absence of the pigment. Orange-fleshed sweet
potato has much relevance in developing countries as it
contains significant amounts of β-carotene, dietary fibre,
minerals, vitamins which has the potential to prevent
malnutrition and enhance food security of the country
(Diaz et al., 1996). The composition and contents of
nutrients in tuber vary greatly depending upon the genetic
and environmental factors (Bovell-Benjamin, 2007). The
consumption of carotenoid-rich foods is related to
prevention of cancer, cardiovascular diseases and other
degenerative processes involving oxidative stress (Willet,
1990; Sies and Stahl, 2003).
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The sustainability and expansion of sweet potato
production depends on the availability of varieties that
meet end-users preferences and are possible only through
sweet potato breeding. The seedlings developed from
hybridization showed a marked variation in leaf shape,
skin and flesh colour, tuber shape and other characteristics
due to high heterozygosity. A number of true hybrids were
developed and released for cultivation in different countries
by combining the desirable characteristics of two or more
selected parents. Incompatibility in sweet potato is the
main barrier to the production of seeds (Martin, 1965;
Martin and Cabanillas, 1966). Self-fertilisation in sweet
potato is rare due to self-incompatibility and cross
incompatibility.

The selected parents were S-1 (male parent) variety which
is a spreading type with green colour vine and emerging
leaf. Leaves are narrowly 5 lobed and tubers are elliptical
in shape with purple skin and white flesh colour. The dry
matter content of the tuber was 37 per cent and very
sweet in taste. The colour of the flower and flesh is white
with good latex content. The female parent ST-14, is a
semi-erect type with mostly dark purple vine with green
emerging leaf colour and is triangular in shape with purple
flower. Tubers are ovate type with cream colour skin and
dark orange flesh colour with dry matter of 27 percent
and contain high β-carotene content.

Vimala and Binu Hariprakash (2011) had reported on
the range of variability and the segregation pattern for
the different morphological characters and the inheritance
pattern of the carotenoids in the hybrid progenies
developed from a cross between an orange-fleshed and
white-fleshed sweet potato. Vimala et al., (2012) also
evaluated for storage root yield, β-carotene and dry matter
content within the selected 42 orange-fleshed sweet potato
hybrids and to identify high yielding hybrids with high β-
carotene and dry matter content.

The present study targeted to the development of F
1

progenies from a cross of S-1 and ST-14 parents and the
progenies were evaluated for their variability in dry matter,
starch and β-carotene content in seedling population.

Materials and Methods

Selection of parents from elite clones

From the sweet potato germplasm, 85-100 clones with
varying intensity in tuber flesh colour, including orange-

fleshed sweet potato (OFSP) and white-fleshed sweet
potato (WFSP) with high dry matter content were selected
for flowering study. Among the clones, 11 OFSP and 8
WFSP clones, which showed high β-carotene and dry
matter contents were selected and evaluated in two seasons,
viz., May – July 2011 and September - November 2011.

After the evaluation study the S-1 variety was selected as
the male parent. The dry matter content of the tuber was
37 per cent and very sweet in taste. The female parent
ST-14, is triangular in shape with purple flower. Tubers
are ovate type with cream colour skin and dark orange
tuber flesh with high β-carotene. Hence, the two varieties
namely ST-14 (OFSP) and S-1 (WFSP) were selected
for the breeding purpose. The pollination of the selected
parents was done at the field of ICAR-Central Tuber Crops
Research Institute (ICAR-CTCRI), Thiruvananthapuram,
during 2013.

Development of mapping population

Crossing block

Sweet potato flowers best during October to December
with short day conditions. Therefore, winter is the best
time for seed production. The vine cuttings of the two
selected parents were collected and planted in the mounds
in rows and columns. Each parent was planted with four
vine cuttings per mount. The spacing followed was 60 x
20 cm within and between the rows and the recommended
package of practices was adopted. Weeding was done
periodically and fertilizers were also applied.

Hybridization

Cross pollination

The flower buds of female parents were emasculated in
the afternoon before anthesis and was covered with butter
paper cover. The pollen from anthers of the male parent
was dusted on the stigma of female parent or rubbed the
anthers on the stigma of female parent. Then the pollinated
flowers were covered with a butter paper cover. It was
labelled indicating the name of the parents and date of
cross-pollination.

Harvesting of seeds

From 4 to 6 weeks after the pollination, the matured
seeds were collected. The seed capsule was harvested
when it became fully brown and the pedicel was dried.
The pollinated seeds were collected regularly from the
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was planted on three mounds with four vine cuttings per
mound. The spacing was 60 x 20 cm within and between
the rows and the recommended package of practices was
adopted.

Phenotyping F1 seedling population

The tuber flesh colour variation of F
1 

progenies was
phenotyped using 1-6 score ranging from white to deep
orange viz., score 1- white, 2 - cream, 3 - yellow, 4 - light
orange, 5 - orange and 6 - deep orange. The tuber flesh
colours of the progenies were observed visually by taking
the cross-section of the interior of the tuber.

Determination of dry matter content

Sweet potato tubers were freshly harvested and were cut
into small pieces. Tubers weighing 50g was taken and
dried in hot air oven at 60°C for 72 hrs with three
replications. Dry matter content was determined by
weighing the initial and final weight, and calculating the
percentage of dried weight. The same procedures were
followed for all the replications.

Dry matter (%) = Dry weight of the tuber/ Fresh weight
of the tuber x 100

Determination of starch content

Starch content was determined based on dry matter
content of storage roots. Using a dry weight conversion
method, dry matter was measured by the percentage of
dry weight to the fresh weight of the storage roots. The
conversion formula of the starch content in sweet potato
described by Wang, et al. (1989) was followed, i.e., y =
0.86945x - 6.34587, in which y is the starch content and
x is the dry matter content.

field and about 300 seeds were obtained from the
pollination block.

Viability test

The separation of well matured seeds from the immature
ones was done by putting the seeds into a glass or plastic
container containing water. The solution was then stirred
in a circular way producing a whirlpool to submerge all
seeds. After sometimes, all the floating seeds were
discarded by pouring off part of the solution. The seeds
that stayed at the bottom were then poured off into a
plastic sieve and dried using a paper towel.

Seed scarification

The hybrid seeds har vested were scarified with
concentrated sulphuric acid (H

2
SO

4
) for 10 minutes. The

acid was then decanted and the seeds were removed and
properly washed with distilled water for several times to

completely remove the residue of acid. They were kept
on a petri plate containing moist filter paper and allowed
for germination (Fig.1).

Nursery sowing

Seeds germinated were planted and maintained in the
glass house nursery. After two months, the seedlings were
replanted in the field for characterization and tuber flesh
colour studies (Fig.2).

Planting of F1 mapping population

A total of 200 F
1
 progenies were selected for the present

study. The vine cuttings were collected from the nursery
maintained in ICAR-CTCRI glass house. Each seedling

Fig. 1. Sweet potato seeds germinated in the moist petriplate

Fig. 2. Field view of F
1
 seedlings
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Determination of β-carotene

β-carotene value was recorded as per the RHS colour
chart developed by Burgos, et al. (2009) from CIP, Lima,
Peru. According to this chart, β-carotene content varied
from 0.12 mg/100g FW to 14.37 mg/100g FW.

Statistical analysis

The data on dry matter and starch content were analyzed
by analysis of variance (ANOVA) and the means were
compared by Duncan’s Multiple Range Test (DMRT)
using SAS (9.3). Box plot diagrams were drawn to study
the distribution of characters among the progenies.

Results and Discussion

Sweet potato breeding was difficult because of the
polyploidy nature, flowering and seed set, self and cross-
incompatibility, heterozygosity and large chromosome
number. It is the only natural hexaploid species presently
known in the genus in which the hybridization is largely
restricted to crosses within the species. Variability within
the species is very extensive. Each seedling plant is
heterozygous and genetically different from any other (Yen,
1974).

Tuber flesh colour variation

Sweet potato tuber flesh colour is controlled by the
presence or absence, type and amount of pigments present
in the internal tissue. Generally observed flesh colours of
sweet potato are white, cream, yellow, orange
(carotenoids) and purple (anthocyanin) with light,
intermediate and dark shades of each. However, some
cultivars show purple pigmentation in the flesh in very
few scattered spots, pigmented rings or, in some cases,
throughout the entire flesh of the root. As the study was
conducted using vine cuttings from seedlings, numerous
combination of alleles from the parents would have
occurred, resulting in the expression of wide variety of
morphology (Vimala et al., 2012). In the present study,
the progenies of a cross between S-1 (purple skin and
white flesh) and ST-14 (cream skin and orange tuber flesh)
showed segregation extensively in tuber flesh colour. The
progenies exhibiting tuber flesh colour variations includes
white, cream, yellow, light orange, orange and deep orange
and were categorized on the basis of 1-6 score for
phenotypic variation (Table1). Twenty two per cent of
the progenies were orange-fleshed, 22.5% were yellow-
fleshed, 15.5% were cream-fleshed, whereas only 8 per

cent constituted white flesh colour which was similar to
that of male parent character. Among the OFSP progenies,
predominantly observed tuber flesh colour was light orange
(28%), orange (22%) and deep orange (4%) colour,
respectively. Previous study by Vimala and Binu
Hariprakash, (2011) also reported that orange tuber flesh
colour, the female parent character was predominant in
the progenies (58.8%) and only 8.4% constituted the white
flesh colour.

Dry matter content

The dry matter content of the parent ST-14 was found to
be 26.42% and that of S-1 was 37.97%. The dry matter
content of the progenies ranged from 18.58% to 45.7%.
The box plot data showed an average dry matter content
of 32%. Most of the progenies recorded their values for
dry matter content between 28% to 35%. The minimum
dry matter recorded was 18.58% and the maximum dry
matter content recorded was 45.7% (Fig. 3). Among the
200 progenies, 8 per cent showed dry matter content of
less than 25% and 24 per centage of the progenies had it
above 40%. The progenies having dry matter content
above 40% were OW3, OW10, OW15, OW20 and
OW91. It was also observed that 22 per cent of F

1

progenies recorded a dry matter almost similar to that of
the male parent, whereas 24 percentage of F

1
 progenies

to that of the female parent.

High dry matter content is one of the major aims in sweet
potato breeding programmes. Dry matter content varies
due to factors such as variety, location, climate, incidence
of pests and diseases, cultural practices and soil types
(Jones et al., 1986; Manrique and Hermann, 2000;
Shumbusha et al., 2010; Vimala and Hariprakash, 2011).
Most genetic studies and the existence of several enzymes
involved in starch biosynthesis indicated that dry matter
content shows quantitative inheritance (Cervantes-Flores

Table 1. Phenotypic scoring of the mapping population
Sl. Score Tuber No. of Per cent
No  flesh colour  progenies
1 Score 1 White 16 08.00
2 Score 2 Cream 31 15.50
3 Score 3 Yellow 45 22.50
4 Score 4 Light orange 56 28.00
5 Score 5 Orange 44 22.00
6 Score 6 Deep orange 8 04.00
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et al., 2008). Jones (1986) reported that the value and
acceptability of a new sweet potato variety depends on
the presence of relevant traits in suitable genetic
combination. Generally, orange-fleshed sweet potatoes
possess low dry matter content (Simonne et al., 1993),
and hence β-carotene and dry matter content are
negatively correlated in sweet potato. In the present study,
orange-fleshed progenies OW22, OW15, OW98 and
OW102 possessed dry matter content of 36, 35, 35.4,
34.6 per cent respectively, but in all the cases, the
β-carotene content was found to be low (about 0.12 mg/
100g FW). The β-carotene content was also low in white-
fleshed as well as in cream and yellow-fleshed sweet potato
progenies even though they had high dry matter content.
OW5, OW33, OW91, OW157 and OW161 were
yellow-fleshed progenies containing low β-carotene
content but with high dry matter content of above 40%.
The white-fleshed sweet potato progeny OW20 contained
44.38 per cent of dry matter but it had no β-carotene.
Therefore, characteristics that meet the preferences of
farmers, consumers and market have to be considered in
the selection process of new cultivars.

Starch content

The total starch content of the parent, ST-14 (16.26%)
and S-1 (25.82%) and in the progenies ranged from 9.80
to 32.7%. The data represented in box plot diagram
showed the starch content with an average of 22% and
the maximum number of progenies had starch content
between 19 to 24%. The maximum starch content
recorded was 32.7% and minimum 9.80% (Fig. 3). Starch
content is directly dependent on the dry matter content
of the tuber. The lower the starch content, the lower the
dry matter and vice versa. The progeny OW48 recorded
the lowest dry matter content of 19.78% with starch

content of 10.85% and the progeny OW157 recorded
the highest dry matter content of 45.7% with a starch
content of 31.65%. Sixty nine per cent of the progenies
showed the starch content below 20%. Twenty two
per cent recorded a starch content of above 25% and only
9 per cent were above 30%.

βββββ-carotene content

The β-carotene content in sweet potato was recorded
using RHS colour chart of CIP. According to the
RHS colour chart, the female parent, ST-14 recorded a
β-carotene content of 14.37 mg/100g FW and the male
parent, S-1 had very low carotene in the tuber (0.03 mg/
100g FW). Among the 200 progenies, the β-carotene
content ranged from 0.03 mg/100g FW – 11.03 mg/100g
FW. Among the OFSP progenies, the β-carotene content
ranged from 4.92 mg in (OW22) to 7.76 mg/100g FW
in the progenies OW21, OW37, OW42, OW47 and
OW48 respectively. The highest β-carotene content
was recorded in the progenies OW110 and OW113
(11.03 mg/100 FW).

The statistical analysis showed that the F
1
 progenies

produced by controlled hybridization of ST -14 and S-1
showed high dry matter, starch and β-carotene content.
The data reported were the mean of replicates. The
accessions for dry matter and starch content were
considered statistically significant at 5% level of
significance. The mean comparisons were made by the
DMRT. This proved the efficiency of controlled
hybridization for obtaining new and improved varieties
of sweet potato. The progenies, OW137 and OW157
recorded high dry matter as well as high starch content.
The dry matter content was above 40% and starch content
was above 30%. Among OFSP progenies, OW43 recorded
high dry matter content (35%) with high starch (27%).

Fig.3. Box plot diagram
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These hybrid progenies can be further used for breeding
programmes and evaluation trial for release of varieties.

Conclusion

Generally dry matter content above 25% is an important
factor for farmers to adopt a new variety of sweet potato.
In the present study, the hybrid clone OW37 and OW40
exhibited high dry matter and β-carotene content with a
desirable agronomic trait like tuber yield. The carotenoid
rich clones also indicated the possibility of significantly
improving the nutritive value of sweet potato which will
be desirable to the consumers whereas storage roots with
high dry matter are more suitable for developing secondary
processed foods. Orange-fleshed progenies with high dry
matter and starch content can be popularized as an
excellent source of β-carotene to prevent vitamin-A
deficiency which affects millions of children in the
developing countries.

Acknowledgement

The authors are grateful to the Director and the Head,
Division of Crop Improvement, ICAR-CTCRI,
Thiruvananthapuram, Kerala, India for providing the
laboratory facilities to do the work and the Department
of Science and Technology, Govt. of India for providing
the financial support.

References
Bovell-Benjamin, A. C. 2007. Sweet potato: A review of its past,

present and future role in human nutrition. Adv. Food Nutr. Res.,
52: 1-59.

Burgos, G., Carpio, R, Sanchez, C, Sosa, P, Porras, E, Espinoza, J. and
Gruneberg, W. 2009. Guide for using the RHS colour chart for
selecting for high β-carotene sweet potato. 30p.

Cervantes-Flores, J. C., Yencho, G. C, Kriegner, A, Pecota, K. V,
Faulk, M. A, Mwanga, R. O. M. and Sosinski, B. R. 2008.
Development of a genetic linkage map and identification of
homologous linkage groups in sweet potato using multiple dose
AFLP markers. Mol Breeding. 21: 511-532.

Diaz, J., Schmiediche, P. and Austin, D. F. 1996. Polygon of crossability
between eleven species of Ipomoea: section Batatas
(Convolvulaceae). Euphytica, 88:189-200.

Food and Agriculture Organization of the United Nations. 2013.
Production Statistics http://faostat.fao.org/

Jones, A., Dukes, P. and Schalk, J. 1986. Sweet potato breeding.
In: Basset MJ (ed) Breeding vegetable crops, IVA, Eastport, p 35.

Manrique, K. and Hermann, M. 2000. Effect of G x E interaction on
root yield and beta carotene content of selected sweet potato
(Ipomoea batatas (L) Lam.) varieties and breeding clones CIP, Lima.

Martin, F. W. 1965. Incompatibility in the sweet potato. Econ Bot.
19: 406-415.

Martin, F. W. and Cabanillas, E. 1966. Post-pollen germination barriers
to seed set in sweet potato. Euphytica (In press).

SAS. 2010. SAS/STAT Software Version 9.3, SAS Institute Inc., Cary, NC.

Sies, H and Stahl, W. 2003. Non-nutritive bioactive constituents of
plants: lycopene, lutein and zeaxanthin. Int. J. Vitamin Nutr. Res.,
73 (2): 95-100.

Simonne, A. H., Kays, S. J., Koehler, P. E. and Eilenmiller, R. R. 1993.
Assessment of β-carotene content in sweet potato breeding lines
in relation to dietary requirements. J. Food Compos. Anal. 6: 336-345.

Shumbusha, D., Tusiime, G., Edema, R., Gibson, P., and
Mwanga, R. O. M. 2010. Diallel analysis of root dry matter
content in sweet potato, in: Ruforum (ed) Second Ruforum
Biennial Meeting Ruform, Entebbe, Uganda, p 1013.

Vimala, B. and Hariprakash, B. 2011. Variability of morphological
characters and dry matter content in the hybrid progenies of
sweet potato (Ipomoea batatas (L) Lam). Gene Conserve. 10: 65-86.

Vimala, B., Sreekanth, A., Binu Hariprakash and Wolfgang, G. 2012.
Variation in morphological characters and storage root yield
among exotic orange-fleshed sweet potato clones and their
seedling population. J. Root Crops, 38: 32-37.

Wang, W. Z., Yi, F., Du, S. R., Wei, X. L., Xu, L. P. and Cao, H. L.
1989. Conversion table of the starch content in sweet potato.Acta
Agronomica Sinica., 15: 94-96.

Willet, W. C. 1990. Vitamin A and lung cancer. Nutr. Rev.,
48: 201-211.

Yen, D., 1974. The Sweet Potato in Oceania: An Essay in Ethnobotany.
Bishop Museum Press, Honolulu.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AGOldFace-Outline
    /Avenir-Black
    /Avenir-BlackOblique
    /Avenir-Heavy
    /Avenir-HeavyOblique
    /Avenir-Medium
    /Avenir-MediumOblique
    /Avenir-Oblique
    /Avenir-Roman
    /BakerSignet
    /BellGothic-Black
    /BellGothic-Bold
    /BellGothic-Light
    /BermudaLP-Squiggle
    /Birch
    /Chaparral-Display
    /ConduitOSITC-BlackItalic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Cutout
    /DV-Aakash-Bold
    /DV-Aakash-BoldItalic
    /DV-AakashExBold
    /DV-AakashExBoldItalic
    /DV-Dhruv-Bold
    /DV-Dhruv-BoldItalic
    /DV-Dhruv-Italic
    /DV-Dhruv-Normal
    /DV-Natraj-Bold
    /DV-Natraj-BoldItalic
    /DV-NatrajExBold
    /DV-NatrajExBoldItalic
    /DV-Natraj-Italic
    /DV-NatrajMedium
    /DV-NatrajMediumItalic
    /DV-Natraj-Normal
    /DV-SurekhEN-Bold
    /DV-SurekhEN-BoldItalic
    /DV-SurekhEN-Italic
    /DV-SurekhEN-Normal
    /Galliard-Bold
    /Galliard-BoldItalic
    /Galliard-Italic
    /GalliardITCbyBT-Roman
    /Galliard-Roman
    /Ganga-CH-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Giddyup
    /Goudy
    /GreymantleMVB
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Bold
    /HelveticaInserat-Roman
    /Helvetica-Light
    /Helvetica-LightOblique
    /Helvetica-Oblique
    /ISFOC-Border-10
    /ISFOC-Border-11
    /ISFOC-Border-9
    /ISFOC-BR1
    /ISFOC-BR2
    /ISFOC-BR3
    /ISFOC-BR4
    /ISFOC-BR5
    /ISFOC-BR6
    /ISFOC-BR7
    /ISFOC-BR8
    /Khaki-Two
    /ML1-Ambili-Bold
    /ML1-Ambili-BoldItalic
    /ML1-Ambili-Italic
    /ML1-Ambili-Normal
    /ML1-Aswathi-Bold
    /ML1-Aswathi-BoldItalic
    /ML1-Aswathi-Italic
    /ML1-Aswathi-Normal
    /ML1-Indulekha-Bold
    /ML1-Indulekha-BoldItalic
    /ML1-Indulekha-Italic
    /ML1-Indulekha-Normal
    /ML1-Karthika-Bold
    /ML1-Karthika-BoldItalic
    /ML1-Karthika-Italic
    /ML1-Karthika-Normal
    /ML1-Revathi-Bold
    /ML1-Revathi-BoldItalic
    /ML1-Revathi-Italic
    /ML1-Revathi-Normal
    /ML-Aathira-Bold
    /ML-Aathira-BoldItalic
    /ML-Aathira-Italic
    /ML-Aathira-Normal
    /ML-Ambili-Bold
    /ML-Ambili-BoldItalic
    /ML-Ambili-Italic
    /ML-Ambili-Normal
    /ML-Anakha-Bold
    /ML-Anakha-BoldItalic
    /ML-Anjali-Bold
    /ML-Anjali-BoldItalic
    /ML-Aparna-Bold
    /ML-Aparna-BoldItalic
    /ML-Ashtamudi-Bold
    /ML-Ashtamudi-BoldItalic
    /ML-AshtamudiExBold-Italic
    /ML-AshtamudiExBold-Normal
    /ML-Ashtamudi-Italic
    /ML-Ashtamudi-Normal
    /ML-Aswathi-Bold
    /ML-Aswathi-BoldItalic
    /ML-Aswathi-Italic
    /ML-Aswathi-Normal
    /ML-Atchu-Bold
    /ML-Atchu-BoldItalic
    /ML-Atchu-Italic
    /ML-Atchu-Normal
    /ML-AyilyamBold-Italic
    /ML-AyilyamBold-Normal
    /ML-BeckalBold-Italic
    /ML-BeckalBold-Normal
    /ML-Bhavana-Bold
    /ML-Bhavana-BoldItalic
    /ML-Bhavana-Italic
    /ML-Bhavana-Normal
    /ML-Chandrika-Bold
    /ML-Chandrika-BoldItalic
    /ML-Chandrika-Italic
    /ML-Chandrika-Normal
    /ML-Chithira-Bold
    /ML-ChithiraHeavy-Bold
    /ML-ChithiraHeavy-BoldItalic
    /ML-Chithira-Normal
    /ML-Devika-Bold
    /ML-Devika-BoldItalic
    /ML-Gauri-Bold
    /ML-Gauri-BoldItalic
    /ML-GauriHeavy-Italic
    /ML-GauriHeavy-Normal
    /ML-Geethika-Bold
    /ML-Geethika-BoldItalic
    /ML-Gopika-Bold
    /ML-Gopika-BoldItalic
    /ML-Gopika-Italic
    /ML-Gopika-Normal
    /ML-Guruvayur-Bold
    /ML-Guruvayur-BoldItalic
    /ML-Indulekha-Bold
    /ML-Indulekha-BoldItalic
    /ML-IndulekhaHeavy-Bold
    /ML-IndulekhaHeavy-BoldItalic
    /ML-Indulekha-Italic
    /ML-Indulekha-Normal
    /ML-Jaya-Bold
    /ML-Jaya-BoldItalic
    /ML-Jaya-Italic
    /ML-Jaya-Normal
    /ML-Jyothy-Bold
    /ML-Jyothy-BoldItalic
    /ML-Jyothy-Italic
    /ML-Jyothy-Normal
    /ML-Jyotsna-Bold
    /ML-Jyotsna-BoldItalic
    /ML-Kala-Bold
    /ML-Kala-BoldItalic
    /ML-Kamini-Normal
    /ML-Kanika-Bold
    /ML-Kanika-BoldItalic
    /ML-Kanika-Italic
    /ML-Kanika-Normal
    /ML-Karthika-Bold
    /ML-Karthika-BoldItalic
    /ML-Karthika-Italic
    /ML-Karthika-Normal
    /ML-Kaumudi-Bold
    /ML-Kaumudi-BoldItalic
    /ML-Kaumudi-Italic
    /ML-Kaumudi-Normal
    /ML-Keerthi-Bold
    /ML-Keerthi-BoldItalic
    /ML-Leela-Bold
    /ML-Leela-BoldItalic
    /ML-LeelaHeavy-Italic
    /ML-LeelaHeavy-Normal
    /ML-Leela-Italic
    /ML-Leela-Normal
    /ML-MadhaviExBold-Italic
    /ML-MadhaviExBold-Normal
    /ML-Madhu-Bold
    /ML-Madhu-BoldItalic
    /ML-Madhu-Italic
    /ML-Madhu-Normal
    /ML-Malavika-Bold
    /ML-Malavika-BoldItalic
    /ML-Malavika-Italic
    /ML-Malavika-Normal
    /ML-MangalaExBold-Italic
    /ML-MangalaExBold-Normal
    /ML-Mayoori-Bold
    /ML-Mayoori-BoldItalic
    /ML-Mohini-Bold
    /ML-Mohini-BoldItalic
    /ML-Mohini-Italic
    /ML-Mohini-Normal
    /ML-Nalini-Bold
    /ML-Nalini-BoldItalic
    /ML-Nalini-Italic
    /ML-Nalini-Normal
    /ML-Nandini-Bold
    /ML-Nandini-BoldItalic
    /ML-Nandini-Italic
    /ML-Nandini-Normal
    /ML-Nanditha-Bold
    /ML-Nanditha-Italic
    /ML-Nanditha-Normal
    /ML-NarmadaExBold-Italic
    /ML-NarmadaExBold-Normal
    /ML-Nila-Bold
    /ML-Nila-BoldItalic
    /ML-Onam-Bold
    /ML-Onam-BoldItalic
    /ML-Periyar-Bold
    /ML-Periyar-BoldItalic
    /ML-Periyar-Italic
    /ML-Periyar-Normal
    /ML-Pooram-Bold
    /ML-Pooram-BoldItalic
    /ML-Pooram-Italic
    /ML-Pooram-Normal
    /ML-Poornima-Bold
    /ML-Poornima-Normal
    /ML-Rachana-Bold
    /ML-Rachana-BoldItalic
    /ML-Rachana-Normal
    /ML-Ravivarma-Bold
    /ML-Ravivarma-BoldItalic
    /ML-Ravivarma-Italic
    /ML-Ravivarma-Normal
    /ML-Revathi-Bold
    /ML-Revathi-BoldItalic
    /ML-Revathi-Italic
    /ML-Revathi-Normal
    /ML-Rohini-Bold
    /ML-Rohini-BoldItalic
    /ML-Sabari-Bold
    /ML-Sabari-BoldItalic
    /ML-Sankara-Bold
    /ML-Sankara-BoldItalic
    /ML-Sarada-Bold
    /ML-Sarada-Normal
    /ML-Sruthy-Bold
    /ML-Sruthy-BoldItalic
    /ML-Sruthy-Italic
    /ML-Sruthy-Normal
    /ML-Sugatha-Bold
    /ML-Sugatha-BoldItalic
    /ML-Suparna-Bold
    /ML-Suparna-BoldItalic
    /ML-Surya-Bold
    /ML-Surya-Normal
    /ML-SwathyBold-Italic
    /ML-SwathyBold-Normal
    /ML-Thakazhi-Bold
    /ML-Theyyam-Bold
    /ML-Theyyam-BoldItalic
    /ML-Theyyam-Italic
    /ML-Theyyam-Normal
    /ML-Thiruvathira-Bold
    /ML-Thiruvathira-BoldItalic
    /ML-Thiruvathira-Italic
    /ML-Thiruvathira-Normal
    /ML-Thunchan-Bold
    /ML-Thunchan-BoldItalic
    /ML-Thunchan-Italic
    /ML-Thunchan-Normal
    /ML-Vaisali-Bold
    /ML-Vaisali-BoldItalic
    /ML-Varsha-Bold
    /ML-Varsha-BoldItalic
    /ML-Varsha-Italic
    /ML-Varsha-Normal
    /ML-VeenaHeavy-Italic
    /ML-VeenaHeavy-Normal
    /ML-Vinay-Bold
    /ML-Vinay-Normal
    /ML-Visakham-Bold
    /ML-Visakham-BoldItalic
    /ML-Visakham-Italic
    /ML-Visakham-Normal
    /ML-Vishu-Bold
    /ML-Vishu-BoldItalic
    /ML-Vishu-Italic
    /ML-Vishu-Normal
    /ML-Yashasri-Bold
    /ML-Yashasri-BoldItalic
    /Mojo
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-CnBold
    /Myriad-CnBoldItalic
    /Myriad-CnItalic
    /Myriad-CnSemibold
    /Myriad-CnSemiboldItalic
    /Myriad-Condensed
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Myriad-Tilt
    /Nyx
    /OCRA-Alternate
    /Ouch
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /Palatino-Roman
    /Pompeia-Inline
    /Postino-Italic
    /Shelley-AllegroScript
    /Shuriken-Boy
    /SpumoniLP
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldItalic
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /SY10-Sports
    /SY11-Swastik
    /SY12-Zodiac
    /SY13-Zodiac
    /SY14-Zodiac
    /SY15-Zodiac
    /SY16-Zodiac
    /SY17-NationalHeroes
    /SY18-Vivah
    /SY19-Patterns
    /SY1-Birds
    /SY20-Zodiac
    /SY21-Zodiac
    /SY23-Zodiac
    /SY24-Zodiac
    /SY25-Election
    /SY26-Variety
    /SY27-Vehicles
    /SY28-IndianDances
    /SY29-Kitchen
    /SY2-Dance
    /SY30-Jain
    /SY31-Mudras
    /SY32-Music
    /SY3-Ganesh
    /SY4-Ganesh
    /SY5-Gods
    /SY6-Info
    /SY7-Lamps
    /SY8-Sports
    /SY9-Sports
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /TM-Avvai-Bold
    /TM-Avvai-BoldItalic
    /TM-Avvai-Italic
    /TM-Avvai-Normal
    /VAGRoundedBT-Regular
    /VAGRoundedLt-Normal
    /WoodtypeOrnaments-One
    /ZapfDingbats
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


