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SUMMARY :
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The experiment was conducted during the period from April, 2008 to March, 2009 on the agricultural farm, Asond
Block, Central Experimental Station, Wakawali, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, dist.
Ratnagiri on “Studies on physico chemical composition and storage in carambola”. Thirty-five genotypes of
carambolahaving wide range of diversity were evaluated for fruitsand quality levels. The carambolafruitshad
6.16t012.53 cmlength, 3.44 t0 6.52 cm breadth and 24.4 to 134 g weight. The carambolagenotypeshad 11.34
t0 80.27 kg weight of fruit. The carambolafruits contained 81.57 to 96.18 per cent maisture, 5.50 to 10.1 °Brix
T.S.S., 1.44t02.69 pH, 0.65t0 1.16 per cent acidity, 3.20t0 5.98 per cent reducing sugars, 3.92t0 7.37 per cent
non-reducing sugar, 7.13to 13.36 per cent total sugarsand 15.6 to 32.8 mg/100g ascorbic acid. On thebasis of
rating of genotypes on simultaneous consideration of characters of fruit characters, the genotypesC_, C ,, C .,
C. C,. C,. C, and C_, wererated as most promising genotypes.
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ambolaor Kamrakh or Star fruit (Averrhoa carambola
L.) isacurious, atractivefruit of the Oxalidaceaefamily.
Averrhoa has now been placed in a new family
Averrhoaceae by Hutchinson (1959). The oxalidaceae family
pOossesses seven genera, representing more than two hundred
species, which are distributed principally in the tropical and
sub-tropical region of theworld. The genus Averrhoa contains
two species: carambola (Averrhoa carambola L.) and bilimbi
or cucumber tree (Averrhoa bilimbi L.).

Asit is one of the neglected, underutilized, unexploited
fruit crops, no systematic plantations have been found. It is
commercialy grownintheU.S. in South FloridaHawai. In South
India, carambolacultivationsarerarely seen. The main step for
improvement of the crop like carambol a, which hashigh genetic

variability, is to screen the genetic variability and identify
promising type which will be used in future commercial
orcharding and future breeding programme. In absence of the
information about chemical composition of fruit and storage
study no work could be carried out. Since the information on
these aspects is scanty, the present study was is to step up in
that direction. Therefore, research work was done on the studies
on physico chemical composition and storage studies in
carambola

EXPERIMENTAL METHODS

The investigation on the studies on physico-chemical
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composition and storage studies in carambola was conducted
during the period from April, 2008 to March, 2009 on the
agricultural farm, Asond Block, Central Experimental Station,
Wakawali, Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth,
Dapoli, Dist. Ratnagiri. The experiment was laid down in
Randomized Block Design with thirty five treatments and ten
replications. Thirty-five trees of twenty five years old were
selected for present study and describedasC, C,, C,, C,, C,,
CG’ C7’ CS’ C9’ C:10’ Cll’ C:12’ C13’ C:14’ ClS’ ClG’ C C C CZO’
C21’ C22’ C23’ C24’ CZS’ 26' 27" T28' 29" TT30' 31! 32! T33! T
and C,.. The length of sampled fruits from distal to proximal
end was measured with the help of vernier calliper in
centimeters and mean length was recorded. The maximum
linear distance between two sides of the fruit was considered
as breadth and was measured with the help of vernier calliper
in centimeter to work out mean breadth. Individual fruit was
weighed on monopan electric balance and average was
calculated in grams. Circumference of the fruit was measured
with the help of cotton thread and then meter scale and
recorded in centimeters. The volume of fruit was determined
by water displacement method in ml by using a measuring
cylinder and average volume was worked out. The specific
gravity of fruit was computed by dividing the fresh weight of
fruit in grams by that of volume in ml (Sulladmath, 1975).
The shape of fruit was visually observed and recorded. The
shelf life of fruit was recorded on the basis of extent of
physiological loss in weight (PLW) up to 15 per cent. The
progressive lossin weight was noted at an interval of two days
and per cent lossin weight was calculated by using formula:

17" ~18' 19’

Original weight — Final weight
Original weight

Per cent PLW = x100

Moisture percentage was determined by drying the
carambola fruits in hot air oven at 55-60° C till the constant
weight was obtained and it was calculated as the difference
between initial and final weight of fruit (Ranganna, 1977).
Total soluble solids were estimated by using Erma hand
refractometer (0 to 32 °B) and expressed in degree Brix
(A.O.A.C.,1980). ThepH of carambolafruit wasdetermined by
using pH meter at 28°C. The reducing, non-reducing and total
sugars were estimated on fresh weight basis by using Lane
and Eynon method with modification suggested by Ranganna
(1977). Acidity was determined by titrating with standard sodium
hydroxide solution and expressed as percentage (A.O.A.C.,
1980). Ascorbic acid content of fruit was determined by using
2, 6 — dichlorophenol indophenol dye titration method
(Ranganna, 1977).

EXPERIMENTAL FINDINGSAND ANALYSIS

The fruits of carambola are attractive, medium to bold
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sized, star-shaped in cross sectionally. Data pertaining to
physical parameters of carambolafruits of different genotypes
arefurnishedin Table 1. It could be observed from Table 1 that
onanaverage carambolafruit had 65.57 g weight, 9.41 cmlength
and 4.74 cm breadth. The variations in these characters were
statistically significant. Among the thirty-five genotypes the
lowest fruit weight was noticed in C, (24.40 g), which was at
parwithC ,and C .. The C , (134.00 g) had highest fruit weight,
which was statitically significant with others except C,,. As
regardsthe length of the fruit, the highest length was recorded
in genotype C, (12.53 cm), which was at par with C .. The
lowest average fruit length was noticed in C, (6.16 cm), which
differed significantly from others. The highest breadth was
observedin C , (6.52 cm), which differed significantly fromothers.
The lowest breadth was seenin C , (3.44 cm), which was at par
with C, and C,. With respect to fruit shape, mgjority of the
genotypes produced oblong shaped fruits, with star-shaped in
cross - section. The colour of ripe fruit was yellowish green,
greenish yellow and yellow. These results are in line with the
earlier reports. Regarding the weight, Narain et al. (2001) and
Shrivastava (2005) reported the similar results. With respect to
length and breadth also identical observations were made by
Morton (1987), Knight (1999) and Rahman et al. (2003). About
shape and colour of fruit, Morton (1987), reported the similar
resultsin carambola

The data on fruit circumference, volume and specific
gravity are presented in Table 1. The differences in the
circumference, volume and specific gravity were statistically
significant. The genotype C, recorded the highest
circumference (18.72 cm), which was at par with C_and C .
The average lowest circumference was noticed in C  (11.74
cm), which was at par withC,, C,, C,, C,,C, C,,, and C,.
Similarly, Sawant et al. (1997) reported 11.95 to 12.50 cm
circumference in different genotypes of kokum (Garcinia
indica Choisy). Thegenotype C,, recorded the highest volume
(138.80 ml), which differed significantly from others except
C,g Thelowest volume was observed in C, (19.60 ml), which
was at par with C,, C ., C _and C,.. It could also be observed
from Table 1 that the fruit volume was dightly less than that
of weight of the fruits. The observations analogous to these
were also reported by Nimbalkar (2004) in kokum fruits.
Regarding specific gravity it could be reveal ed that the specific
gravity of ripe carambola fruits ranged from 1.00 to 1.27.
The specific gravity of ripe carambola fruits was found to be
more than one in majority of the genotypes. The average
specific gravity of carambola fruits was 1.10. Narain et al.
(2001) recorded the average density of carambola fruit 1.03
g/cm?. Similar observations of fruit density were reported by
Sawant et al. (1977) and Nimbalkar (2004) in kokum. The
estimates of correlation co-efficient of quantitative
characters of the fruits are presented in Table 4. Among all
the fruit characters fruit weight, length of fruit, breadth of
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Table 1: Variation in physical parameters of fruitsin carambola genotypes

Physical parameters of fruit

Geno-types Fruit Weight Length Breadth Circum- Volume Specific Yield kg/
shape (9) (cm) (cm) ferance (cm) (ml) gravity plant
C, Oblong 64.40 9.32 4.64 14.88 56.00 115 36.45
C, Oval 24.40 6.16 3.68 13.17 19.60 124 11.34
Cs Oblong 40.80 8.56 3.80 12.24 34.40 118 24.07
Cs Oblong 69.20 9.60 4.66 15.76 59.60 1.16 59.16
Cs Oblong 80.20 9.80 5.18 16.20 76.20 1.05 67.44
Cs Ova 42.80 8.34 432 1352 43.00 0.99 30.13
Cs Oval 90.80 10.35 5.82 18.22 84.70 1.07 74.18
Cs Oblong 57.40 8.88 4.62 1454 50.70 1.13 47.52
Co Oblong 85.20 10.71 514 16.36 83.40 1.02 66.96
Cio Oblong 52.20 851 424 13.72 47.80 1.09 28.29
Cu Oblong 46.00 8.86 412 13.92 36.20 127 30.49
Crp Oblong 88.40 10.46 5.40 16.74 86.60 1.02 72.93
Cis Oblong 33.60 7.88 428 12.60 30.80 1.09 2321
Cu Oblong 68.20 9.14 484 17.02 61.60 1.10 53.05
Cis Oblong 88.60 1153 5.28 13.28 84.30 1.05 80.27
Cis Oblong 86.60 10.79 4.80 11.74 81.80 1.05 63.73
Cyr Oblong 24.80 7.48 344 18.30 24.60 1.00 16.04
Cis Oblong 134.00 12.39 6.52 17.16 123.60 1.08 55.34
Cio Oval 66.60 9.49 5.08 14.44 61.80 1.07 45.82
Cx Cylindrical 62.40 10.43 476 16.64 57.80 1.07 44.17
Cx Oval 73.80 9.24 5.36 15.70 67.20 1.09 39.99
Cx Oblong 65.40 9.50 4.72 14.74 61.60 1.06 29.10
Cax Oblong 52.80 8.34 4,62 15.84 47.60 1.10 25.18
Ca Oblong 70.40 9.25 4.82 12.78 68.20 1.03 53.22
Cxs Oblong 41.00 7.90 4.00 16.08 31.80 128 29.19
Cx Oblong 75.80 9.30 5.10 13.74 74.60 1.01 61.32
Cyx Oblong 45.20 8.72 4.36 1534 38.80 116 29.60
Cxs Oblong 65.00 10.00 4.66 13.24 61.80 1.05 39.52
Cxo Oblong 52.40 891 4.06 14.98 50.00 1.04 43.23
Cao Cylindrical 80.00 1253 4.88 16.34 75.00 1.06 54.40
Ca Oblong 71.80 9.70 4.86 18.72 72.00 0.99 51.12
Cx Oblong 124.80 11.58 5.74 15.46 138.80 0.89 69.63
Css Oblong 68.80 8.84 4.86 15.02 67.20 1.02 39.49
Cas Ova 46.20 8.72 4.92 14.96 47.80 0.96 36.26
C35 Oval 55.00 8.30 4.32 16.04 52.80 1.04 25.19
Mean 65.57 941 4.74 15.12 61.70 1.10 44.49
Range 24.40 6.16 344 11.74 19.60 1.00 11.34
To To To To To To To
134.00 1253 6.52 18.72 138.80 127 80.27
SE. 4.36 0.30 0.14 0.63 5.70 0.05
SD. 23.53 1.32 0.61 1.72 24.67 0.08 17.73
C.V. 21.07 10.29 9.81 13.23 29.24 14.82 39.86
C.D.5% 12.16 0.85 0.40 1.76 15.87 0.14
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Table 2: Physiological lossin weight (%) of carambola fruits

Genotypes - - Days of5 storage - -

C 0.00 7.67 15.61 Spoiled

C 0.00 11.30 25.00 Spoiled

Cs 0.00 9.17 16.82 Spoiled

Cs 0.00 8.19 14.97 19.71 Spoiled
Cs 0.00 9.05 12.87 14.93 19.80
Cs 0.00 8.21 17.23 Spoiled

(o 0.00 7.49 13.93 21.01 Spoiled
Cs 0.00 10.76 18.63 Spoiled

Cy 0.00 9.18 14.55 18.28 Spoiled
Cuwo 0.00 9.38 17.50 Spoiled

Cu 0.00 8.45 15.20 Spoiled

Crp 0.00 5.59 1147 1511 Spoiled
Cis 0.00 5.08 12,51 18.73 Spoiled
Cu 0.00 9.98 10.88 13.39 17.23
Cis 0.00 253 5.64 8.64 16.75
Cis 0.00 591 10.43 13.55 17.44
Ci7 0.00 9.41 17.32 Spoiled

Cis 0.00 4.56 8.16 10.81 19.95
Cio 0.00 7.79 11.85 1523 Spoiled
Cxo 0.00 11.29 17.31 Spoiled

Cx 0.00 9.69 15.69 Spoiled

C» 0.00 7.57 12.33 15.49 Spoiled
Cxs 0.00 7.49 12.25 15.29 Spoiled
Cu 0.00 8.65 11.82 14.50 18.32
Cxs 0.00 13.68 20.55 Spoiled

Cx 0.00 9.60 13.91 17.56 Spoiled
Cx 0.00 10.34 15.16 Spoiled

Cxs 0.00 6.93 9.97 13.35 25.00
Cx 0.00 9.09 14.48 18.29 Spoiled
Cao 0.00 12.04 18.07 Spoiled

Ca 0.00 9.11 13.28 17.44 Spoiled
Cx 0.00 6.38 9.69 16.13 Spoiled
Csx 0.00 16.15 23.03 Spoiled

Ca 0.00 9.65 20.38 Spoiled

Css 0.00 1125 16.22 Spoiled

Mean 0.00 8.82 14.71 15.65 1911
SE+ 0.00 0.91 121 1.14 0.54

C.D.5% 0.00 255 3.36 3.20 154

C.V. 0.00 32.85 26.02 23.15 9.00
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Table 3: Variation in chemical composition of fruits of carambola genotypes

Geno-types Moisture 'I;SS pH Acidity Reducing Non-reducing Total Ascorbic acid
(%) (°Brix) (%) sugar (%) sugar (%) sugars (%) (mg/ 100g)
C, 92.24 6.40 1.69 0.97 3.84 458 8.43 19.60
C 83.64 7.40 1.96 0.83 442 5.32 9.74 18.00
Cs 87.94 7.90 2.09 0.78 4.76 5.57 10.33 21.60
Cy 91.49 7.40 1.97 0.81 4.40 541 9.82 20.00
Cs 92.84 7.10 1.88 0.82 4.29 517 9.46 15.60
Cs 89.62 5.90 1.58 0.97 354 4.39 7.93 17.60
Cs 87.11 6.40 1.70 0.94 3.86 4.65 851 21.60
Cs 85.86 6.70 177 0.90 4.01 4.92 8.94 19.20
Co 90.55 6.40 1.68 0.98 3.83 4.68 851 25.20
Cuwo 90.42 8.35 222 0.71 5.02 6.03 11.06 19.20
Cu 82.76 6.10 161 0.93 3.64 4.44 8.09 32.80
Cr 91.91 8.05 2.16 0.80 4.76 5.57 10.34 21.60
Cis 90.75 6.50 1.72 0.96 3.90 477 8.68 21.60
Cu 89.81 6.40 167 0.91 3.76 4.49 8.25 22.40
Cis 91.58 5.55 144 1.04 3.24 4.10 7.35 28.00
Cis 87.69 7.50 194 0.81 442 551 9.94 21.20
Cy7 89.80 7.90 2.05 0.80 4.76 5.54 10.31 18.80
Cs 96.18 7.20 1.85 0.81 434 5.14 9.48 16.00
Cio 86.08 8.45 2.09 0.69 497 6.18 11.16 24.40
Cx 88.46 9.40 2.46 0.67 534 6.83 12.17 26.40
Cx 86.05 5.60 1.56 0.90 343 452 7.96 24.40
Cx 92.68 7.05 1.80 0.80 4.03 5.38 9.42 16.00
Cx 8151 7.65 2.01 0.80 4.60 5.61 10.22 21.60
Cos 89.30 5.55 1.46 1.05 3.28 4.05 7.34 25.60
Cxs 91.38 7.15 1.87 0.80 4.18 5.16 9.34 26.80
Cs 88.44 5.80 153 1.03 3.39 4.35 7.74 17.60
Cx 86.51 5.85 1.53 1.01 3.61 4.15 7.76 16.40
Cz 89.00 9.00 237 0.68 531 6.23 1155 18.40
Cy 87.90 7.80 2.04 0.80 4.69 5.52 10.22 16.40
Cso 88.21 7.65 2.05 0.76 458 5.53 10.12 23.20
Ca 88.48 6.15 1.66 0.93 3.66 4.62 8.29 26.80
Cs 89.72 10.10 2.69 0.65 5.98 7.37 13.36 22.00
Css 86.03 5.50 147 1.16 3.20 3.92 7.13 24.00
Cxu 87.26 5.75 1.46 1.03 3.36 4.18 7.55 23.20
Css 85.87 6.35 1.65 0.94 3.65 4.62 8.27 19.60
Mean 88.72 7.02 1.85 0.87 417 5.10 9.28 21.50
Range 81.57 5.50 144 0.65 3.20 3.92 7.13 15.6
To To To To To To To To
96.18 10.10 2.69 1.16 5.98 7.37 13.36 328
SD. 2.98 114 0.29 0.12 0.67 0.79 145 391
C.V. 1.89 143 254 1.23 2.38 3.62 2.02 10.29
SE. * 119 0.07 0.03 0.007 0.07 0.13 0.13 1.66
C.D. at 5% 342 0.20 0.09 0.02 0.20 0.37 0.38 4.77
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fruit, and volume of fruit had significant positive correlation
with yield. It indicated that fruit weights, fruit length, fruit
breadth, volume of fruit were involved directly in the
contribution of yield. Fruit weight was significantly and
positively associated with fruit weight, breadth of fruit, volume
of fruit, seed weight and significantly negative associated with
specific gravity of fruit. The fruit length was significantly and
positively associated with breadth of fruit, volume of fruit,
seed weight and number of seeds. The breadth of fruit
exhibited significantly positive correlation with volume of
fruit, seed weight, and negatively correlation with specific
gravity. Volume of fruit had positive and significant correlation
with the seed weight and negatively significant correlation
with specific gravity of fruit. Seed weight had positive
significant correlation with the no. of seeds. The data thus
indicated that, in carambola most of the characters were
associated positively and significantly with each other. The
yield had significant and positive correlation with fruit weight,
length of fruit, breadth of fruit and volume of fruit which
indicated their involvement in determination of yield.

The physiological lossin weight of the carambola fruits
of different genotypes under ambient storage are presented in
Table 2. The physiological loss in weight was slow in the
genotype C,,, followed by C,. Most of the genotypes had the
highest (above 15 %) physiological lossin weight on 4 to 5 day
of storage. Among all the genotypes, genotype C,, showed lowest
physiological weight (5.64 %) on 5" day of storage. It wasfollowed
by genotypes C,, (9.69 %) and C , (10.88 %), respectively. It was
highest on 7" and 9" days of storage irrespective of genotypes
and fruits start rotting. In case of all the genotypes, the
physiological loss in weight was found to be increased as the
storage period increased. This could be due to the fact that fruit
being living entities continueto respire and transpire after harvest
leadingtolossmoisture, whichinturnresulted into lossinweight.
Prado et al. (2005) described carambolafruit loss of fresh mass
(%) 11.7 at 7" day of storage.

Chemical compositions of fruits of different genotypes
in carambola are presented in Table 3. The variations in

chemical composition of fruits were statistically significant.
Thedata presented in Table 3 showed that the moi sture content
of fruit varied from 81.51 per cent in genotype C,, to 96.18 per
cent in C.. The highest moisture per cent was observed in
genotype C,, (96.18 %), whichwas statigtically significant with
others except C,. The lowest moisture per cent was noticed in
C,, (81.51 %), which was at par with C, and C,,. The moisture
content of carambolafruitsreported by Shrivastava (2005) and
Mandal and Muzumdar (1988) was close to the present
investigation. From Table 3 it could be seen that the average
T.S.S. of thecarambolafruit was 7.02 °Brix. The T.S.S. ranged
from5.50(C,,) t010.10(C,)). The highest T.S.S. was observed
in C,, (10.10), which differed significantly from others. The
lowest T.S.S. wasrecorded in C,, (5.50), whichwasat par with
C,, C,, and C,,. The observations analogous to these findings
werereported by Wagner et al. (1975) and Sawant etal. (1997).
It could be observed that the average pH of carambola fruit
was 1.85. The highest pH was noticed in C,, (2.69), which was
statistically significant with others. The lowest pH was
observed in C  (1.44), which was at par withC,,, C_,and C,,.
The observations similar to these findings were also reported
by Sawant et al. (1997) and Shrivastava and Rajput (2003).
The average titratable acidity of carambola fruits was 0.87
per cent. The average highest percentage of acidity was noticed
in C,, (1.16 %), which differed significantly from others. The
lowest acidity was found in C_, (0.65 %), which differed
significantly from other genotypes. The observations similar
to these findings were also reported by Shrivastava (2005)
who reported average acidity 0.87 per cent.

The data pertaining to the reducing, non-reducing and
total sugars from the carambola fruits of different genotypes
are presented in Table 3. It could be seen from the data that an
average reducing, non-reducing and total sugars in fruits of
different genotypes of carambola were 4.17, 5.10 and 9.28
per cent, respectively. Regarding reducing sugars, it ranged
from 3.20 per cent (C,,) to 5.98 per cent (C,,). With respect
to non-reducing sugars it ranged from 3.92 per cent (C,)) to
7.37 (C,). It was observed that the total sugars ranged from

Table4: Correlation co-efficientsfor yield in carambola

Characters X1 X Xs Xa Xs Xe Xz Xs Y
Fruit weight (X4) 1.00

Fruit length (X5) 0.87** 1.00

Breadth of fruit (Xs) 0.91** 0.78** 1.00

Circumference (X4) 0.25 0.21 0.30 1.00

Volume of fruit (Xs) 0.95** 0.80** 0.86** 0.27 1.00

Specific gravity (Xg) -0.34* -0.30 -0.34* -0.18 -0.51** 1.00

Seed weight (X7) 0.49** 0.52** 0.37* 0.18 0.43** -0.08 1.00

No. of seeds (Xs) 0.25 0.35* 0.13 0.09 0.19 -0.03 0.91** 1.00

Yield (Y) 0.81** 0.78** 0.76** 0.20 0.72** -0.31 0.30 0.09 1.00

* and ** indicate significance of values at P=0.05 and 0.01, respectively
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7.13 per cent (C,,) to 13.36 per cent (C,,). The highest reducing
sugarswas noticed in C, (5.98 %), which was significant over
others. However, it waslowest in C_, (3.20 %), whichwas at par
withC ,, C,,, C,., and C,,. The non-reducing sugars was highest
inC,, (7.37 %), whichwas significant from others. While, it was
lowest in C,, (3.92 %), whichwas at par withC ,, C24, C,, and
C,,- Thetotal sugars was recorded highest in C,, (13.36 %),
which differed significantly from others. However, it waslowest

in C,, (7.13 %), which was at par with C, and C,,. Similar

observations were recorded by Narain et al. (2001) and
Shrivastava (2005). The chemical analysis of carambola fruit
showed that average ascorbic acid content was 21.50 mg/100
g. The highest ascorbic acid content was noticed in C , (32.81
mg/100 g), which differed significantly from others. Thelowest
ascorbic acid wasobserved in C, (15.60 mg/100 g), which was
atparwithC,C, C, C, Cs,. Clg, C.. .C18, C,, ng,’ C,.C.C,
and C,.. These reports are in line with the earlier reports of
Narainetal. (2001).
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