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ABSTRACT : The fresh fruits of carambola (Averrhoa carambola L.) are used in jelly making, 
for garnishing salads and to prepare drinks. In some Asian countries, the green mature fruit 
is  relished and consumed fresh and used in pickle  preparations.  In the present work the 
physical  and  chemical  properties  of  carambola  fruits  were  studied  at  different  maturity 
stages.  The  fruits  were  characterized  for  physical  properties  like  length,  diameter,  fresh 
weight, dry weight and moisture content. The fruits were also analyzed for soluble protein, 
total sugars, reducing sugars, ascorbic acid, oxalic acid, amino acid, pectin and chlorophyll. 
The  composition  of  fruit  varied  widely  during  maturation.  The  length,  diameter,  fresh 
weight and dry weight increased as fruit mature and ripen. The pH of the fruit increased with 
maturity.  The contents  of reducing  sugars,  total  sugars,  soluble  protein,  amino acid  and 
oxalic acid increased with maturity. Total chlorophyll content increased from young to half 
ripe fruit but in full ripe fruit it decreased significantly. 
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INTRODUCTION

The carambola (Averrhoa carambola L.) an attractive fruit of family Oxalidaceae, also known as ‘Golden Star’ had 
attained the status of a popular commercial crop in the United States (Campbell, 1986). Most carambola fruits are 
marketed in processed forms. It is edible and has numerous uses. The ripe fruit may be processed into fermented or 
unfermented drinks, jam or jelly, can be eaten fresh or as dessert. The unripe fruit may also be eaten as a vegetable 
(Campbell, 1965). The sweet type is processed into wine in Surinam (Lewis & Grocizam 1989). In Southern China, 
carambola fruits are preserved in thin packages and exported to other countries. However, scientific information on 
the physical and chemical characteristics of the fruit is scanty. Hence, the aim of this study was to investigate the 
physicochemical changes taking place in carambola fruit during maturation.
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MATERIALS AND METHODS 

Fruits of Averrhoa carambola L. at various stages of maturity (Plate: 1 B,C) were collected from Badlapur, Thane 
(M.S.) and brought to the laboratory of Department of Botany - Herbal Sciences, Birla College, Kalyan. The plant 
(Plate: 1A) was authenticated from Blatter Herbarium, St. Xavier’s College, Mumbai. The specimen of plant has 
been deposited in the Department of Botany - Herbal Sciences, Birla College, Kalyan for future reference. The fruits 
were washed under running tap water and blotted dry.  The fruits were classified into three stages of maturities 
according to their firmness and skin colour as:

1. Young : Firm texture and skin colour 100% green
2. Half ripe : Firm texture and skin yellowish green
3. Ripe : Soft texture and skin 100% yellow

Physical analysis

Ten fruits of each maturity group were individually analyzed for physical characteristics. Length and diameter of the 
fruit were measured. The maximum width of the fruit,  measured in the direction perpendicular to the 
polar axis, was denominated as diameter.

 For fresh weight determination the edible portion of the fruit was separated manually from the seeds. These fruits 
were further kept in pre-set oven at 60 ± 20 C till a constant weight was obtained, and this was recorded as the dry 
weight. Percent moisture was also calculated (Khandelwal, 1998). The pH of the fruit was measured with the help of 
pH meter.

Chemical analysis

The edible portion of the fruit was homogenized using a mortar and pestle. The biochemical analysis like soluble 
protein content (Lowry, et. al., 1951), reducing and total sugars (Folin & Wu 1927),  ascorbic acid (Sadasivam & 
Manickam 1996), amino acid (Moore & Stein 1948), oxalic acid (Durman et. al., 2005), pectin (Moore & Stein 
1948) and chlorophyll (Arnon, 1949)  were estimated in the pulp at three stages of maturity.

RESULTS

The results of physical properties of the carambola fruit are presented in Table 1. The carambola fruit is a large berry 
with a length of 7.13 cm (young) to 10.17 cm (ripe). The diameter of the fruit was more for ripe fruit (5.45 cm) than 
that of the green young fruit (4.08 cm). The fresh weight of the green young fruit was found to be 29.12 gm, which 
increased gradually to 41.03 g and finally to 59.91 g in half ripe and full ripe fruit,  respectively.  Similarly an 
increase in dry weight and pH was also observed. The dry weight ranged from 1.28 g for young fruits to 2.57 g for 
ripe fruits. The pH of the fruit slightly increased with the advancement in maturity. Ripe fruits were significantly 
less acidic (pH 4.82) than green young fruits (pH 3.43) and half ripe fruits (pH 3.56). No significant  change in 
moisture percentage was observed with ripening of fruits, the values being 95.60, 95.90 and 95.71 per cent in young, 
half ripe and full ripe fruit, respectively. The results of chemical analysis of carambola fruit is presented in Table 2.

International Journal of Applied Biology and Pharmaceutical Technology                Page: 625 
Available online at www.ijabpt.com

http://www.ijabpt.com/


Avinash et al                                                                                             ISSN 0976-4550

Table 1: Physical evaluation of Averrhoa carambola L. fruit at different stages of maturity

S.No. Parameter Maturity Stages

Young Half ripe Full ripe

1. Size

a) Length (cm) 7.13 8.78 10.17

b) Diameter (cm) 4.08 4.78 5.45

2. Fresh weight (g) 29.12 41.03 59.91

3. Dry weight (g) 1.28 1.68 2.57

4. Moisture content (%) 95.60 95.90 95.71

5. pH 3.43 3.56 4.82

Table 2: Chemical analysis of Averrhoa carambola L. fruit at various stages of ripening

S. No. Parameter Young Half ripe Ripe

1. Soluble Protein  (% fresh weight) 0.65 0.83 0.85

2. Reducing sugars (% fresh weight) 0.33 1.15 1.32

3. Total sugars  (%fresh weight) 1.12 1.50 2.25

4. Ascorbic acid (mg/g fresh weight) 9.5 13.5 18.0

5. Amino acid  (%fresh weight) 0.12 0.16 0.17

6. Oxalic acid (% fresh weight) 0.63 0.85 1.04

7. Pectin  (%fresh  weight) 1.74 1.95 5.11

8.

Chlorophyll 

  a)  Chlorophyll a  (mg/100 g fresh tissue) 1.51 4.99 0.78

  b)  Chlorophyll b  (mg/100 g fresh tissue) 2.56 8.66 1.33

  c)  Total Chlorophyll

       (mg/100 g fresh tissue)
4.05 13.60 2.10
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The amino acid content increased from 0.12 % for young fruits to 0.17 % for ripe fruits. The content of reducing and 
total sugars increased with increase in maturity. The reducing sugars content increased from 0.33 % for young fruit 
to 1.32 % for ripe fruit. Total sugar content increased from 1.12 % for young fruit to 2.25 % for ripe fruit. The pectin 
content was recorded as 1.74, 1.95 and 5.11 % in young, half ripe and ripe fruits respectively. The protein content 
was found to increase from 0.65 % in young to 0.85 % in ripe fruits. The ascorbic acid content showed an increase 
in ripe fruit (18.0 mg/g) as compared to young (9.5 mg/g) and half ripe fruits (13.5 mg/g). The oxalic acid content 
increased from 0.63 to 1.04 % for young and ripe fruits, respectively. In the present study a significant decrease in 
chlorophyll content was observed in ripe fruits as compared to young and half ripe fruits, which was indicated by 
golden  yellow  colour  of  the  fruit.  The  chlorophyll  a  values  ranged  between  0.78  to  4.99  mg/100g,  whereas 
chlorophyll b values were recorded as 2.56 mg in young, 8.66 mg in half ripe and 1.33 mg/100g in full ripe fruits. 
Total chlorophyll was 4.05 mg in young, 13.60 mg in half ripe and 2.10 mg/100g in full ripe fruits. 
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DISCUSSION

The fruit of  carambola varies widely in its composition during maturation. Many research workers have reported 
physical (Bezerra, et. al., 1989) and chemical (Lima, et. al., 1965; Oliveira, 1974; Herrman, 1994) composition of 
carambola fruit. In the present study an increase in length, diameter and average weight of the fruit was observed as 
it matures. Bezerra  et. al. (1989) reported a range of 6.8 to 9.6 cm for length and 4.1 to 5.5 cm for diameter in 
different varieties of carambola fruits. Oliveira et. al. (1989) also reported length of  7.74 cm and diameter of  4.51 
cm, for ripe carambola fruits. Bezerra  et al.  11 reported fruit weights ranging from 39.6 to 89.5 g. An increase in 
fresh weight and dimensions during maturity stages were also recorded for Averrhoa bilimbi L. fruits (Mathew, et. 
al., 1993). In the present work, the moisture percentage had no significant difference at various stages of ripening 
thereby remaining almost constant to 95. Varying moisture percentage of 93.9 and 87.4 was also recorded (Wealth 
of India17,  Hough, et. al. 1971). A 90% moisture value was recorded by many research workers (Abdullah & Ragab 
1970 ; Mathews, 1989).  The pH values increased from 3.43 to 4.82 as fruit matures suggesting fruits are ripening 
and becoming less acidic. The varieties of carambola fruits were described on the basis of differing pH values, like 
pH 3.8 – 4.1 for sweet and those with pH 2.2 – 2.6 for tart (Lewis & Grocizam 1989). Many researcher workers 
(Wealth of India  17,  Sheth,  2005  21, Kapoor,  2005; Asolkar,   et.  al.  1965) reported the presence of oxalic acid, 
proteins and sugars in carambola fruit. In the present work, the ascorbic acid content was found to be higher in ripe 
fruits in comparison to young and half ripe fruits. This pattern has also been observed in bilimbi, guava (Esteves 
MTda, et. al. 1984)and camu-camu (Zapata, 1993) fruits. An increase in amino acid content was observed in ripe and 
half ripe fruits compared to young fruits. The amino acids along with other composition of the fruit have also been 
reported (Hall, et. al., 1980; Burguera, et. al., 1992). Oxalic acid has been identified as the main acid in carambola 
and bilimbi (Joseph,  & Mendonca 1989; Wilson, et. al. 1982) and variation in oxalic acid 0.08 to 0.73 % for ripe 
carambola fruit was recorded in the present work. However, in the present investigation, an increase in oxalic acid 
content was observed with maturation, a characteristic that can be held responsible for low pH values of the fruit. 
The pectin content was high in ripe fruits as compared to the young and half ripe fruits. 

CONCLUSION

The chemical composition of edible fruits may differ according to maturity. The composition of carambola fruits at 
different  stages  of  maturity  has  been  studied  which  revealed  a  large  variation  in  the  physical  and  chemical 
parameters. One unchanged characteristic of the fruit noted in the present study, despite of its maturing stages is the 
high moisture percentage. Reducing sugars, total sugars, soluble protein, amino acids, ascorbic acid, oxalic acid and 
pectin content increased with maturity. A significant decrease in chlorophyll content was observed in ripe fruits, in 
comparison to young and half ripe fruits, which was indicated by golden yellow colour of fruit at ripe stage.

International Journal of Applied Biology and Pharmaceutical Technology                Page: 628 
Available online at www.ijabpt.com

http://www.ijabpt.com/


Avinash et al                                                                                             ISSN 0976-4550

 REFERENCES

Arnon, D.I. (1949). Copper enzymes in isolated chloroplasts, polyphenol oxidase in Beta vulgaris. Plant physiol., 24: 1-15.
Abdullah,  F.  & Ragab, M.H.H. (1970).  Vitamin C Content,  pH Value and Titrable acidity of 26 types of  Malayan Fresh Fruits  Grown in 
Selangor, Malaysian Agric. Journ.,47: 416-428. 
Asolkar,  L.V.,  Kakkar,  K.K.,  & Chakre,  O.J.  (1965).  Second Supplement  to  Glossary of  Indian Medicinal  Plants  with  Active  Principles., 
Publication and Information Directorate CSIR, NewDelhi.
Durman, S. B., Menendez, A. B. & Godeas, A. M. (2005). Soil Biology and Biochemistry : Variation in Oxalic acid production and mycelial 
compatability within fields populations of  Sclerotinia sclerotiorum, 37 (12): 2180-2184.
Bezerra, J.E.F., Abramof, L., Lederman, I.E., Pedrosa, A.C. & Gonzaga Neto, L. (1989). Variacoes nas characteristicas fisico-quimicas de frutos 
de carambola (Averrhoa carambola L.)oriundos de Pernambuco e do Rio Grande do Norte.  Anais de X Congresso Brasileiro deFruticultura. 
Fortaleza, Sociedade Brasileira de Fruticultura, 65-70. “(in portuguese)”Lima, Z.H., Barros, G. G., Tibinka, S.C., & Oplandi, M.G. (1965). Frutos 
Comestiveis do   Brasil, Rev. Fac. Farma. Bioquim. Sao Paulo., 3 (1): 79-88.
Burguera, J.L., Burguera, M., & Becerra, G. (1992). Mineral content of some fruits from Venezuela. Revista Espanola de Ciencia y Technologia 
de Alimentos., 32(6): 667-672. 
Campbell, C.W. (1986). Tropical fruit crops in Florida: A rapidly changing situation. In: Proc.Fla. State  Hort. Soc,  99: 217-219.
Campbell, C.W. (1965).The Golden Star Carambola. In: Florida Horticultural Experiment Station, Circular S-173, University of Florida. 
Esteves  MTda,  C.,  Carvalho,  VDde.,  Chitarra,  M.I.F.,  Chitarra,  A.B.  & Paula,  M.B.(1984).Caracterizacao  dos  frutos  de  seis  cultivares  de 
goibeiras  (Psidium  guajava L.)  na  maturacao.  II  –  vitamina  C  e  taninos.  In:  Congresso  Brasileiro  De  Fruticultura,  Florianopolis.  Anias 
Florianopolis: Sociedade Brasileira de Fruticultura., 7:490-500.
Folin, D. & Wu, H.J. (1927). Biol. Chem, In: Biochemical studies in germinating seedlings, by M. Airen, Ph.D. Thesis, University of Mumbai, 
73: 627- 650.
Herrman, K. (1994).  Constituents and uses of important exotic fruit varieties. VII Carambola,Mangosteen and Asiatic Pear, Industrielle Obst und 
Gemueseverwertung., 79 (7): 242- 244
Hough, J.S., Briggs, D.E. & Steven, R. (1971). Malting and Brewing Science. Chapman and Hall Ltd. London. 
Hall,  N.H.,  Smoot,  R.,  Knight,  Jr.  R.J.  & Nagy,  S.  (1980).  Protein  and Amino  Acid Composition  of  Ten Tropical  Fruits  by Gas-  Liquid 
Chromatography. J. Agric. Food Chem., 28: 1217-1221. 
Joseph,  J.  &  Mendonca,  G.  (1989)  Oxalic  Acid  Content  of  Carambola  (Averrhoa  carambola L.)  and  Bilimbi  (Averrhoa  bilimbi L.).  In: 
Proceedings of the Interamerican Society for Tropical Horticulture, Georgetown, 33: 117 – 120.
Khandelwal, K.R. (1998). Techniques and Experiments, In:Practical Pharmacognosy. Nirali Prakashan, India, 4th Edition,
Lewis, D. & Grocizam, M. (1989). The Cultivation and Utilization of Carambola in Surinam.  In:Proc. Interamer. Soc. Trop. Hort., 33: 596.
Lowry, O.H., Farr, A.L., Randall, R.J. & Rosebrough, N.J. (1951). Protein measurement with the Folin Reagent. J Biol Chem., 193: 265-275.
Moore, S. & Stein, W.H. (1948). Photometric Ninhydrin Method for use in Chromatography of   Amino acids, J. Biol. Chem., 176: 367-388.
Mathew, L., George, S.T., Babylatha, A.K. & Geetha, C.K. (1993) Flowering and Fruit Development in bilimbi (Averrhoa bilimbi L.).  South 
Indian Horticulture, Kerala., 41 (1):41-42.
Mathews, R.F. (1989). Processing of carambola. In: Proc. Interamer. Soc. Trop. Hort., 33:83- 90.
Oliveira, J.F.S. (1974). The Nutritional Values of Some Foods Consumed on San Tome Island, Ecology  Food Nutr., 3: 237-242. 
Oliveira, M.N., Arraes Maia, J., Guedes, Z.B., Guimaroes, A.C.L. & Figueredo, R.W.   (1989). Estudos das caracteristicas fisicas e do redimento 
da carambola (Averrhoa carambola L.), Cien Agron., Fortaleza, 20 (1/2): junho-dez, 97-99.
Sadasivam, S. & Manickam, A. (1996). Biochemical Methods. New Age International PVT LTD 2nd Edition. 
The Herbs of Ayurveda, (2005). Volume-I. Published, (Edited and distributed by Ashok Sheth).     
Kapoor, L.D. (2005). Handbook of Ayurvedic Medicinal Plants. New York: CRC Press.
Wealth of India - A Dictionary of Indian Raw Materials and Industrial Products. (1948). Publication and Information Directorate, Council of 
Scientific and Industrial Research, Delhi 
Wilson, C.W., Shaw, P.E. & Knight,  R.J. Jr. (1982). Analysis of Oxalic Acid in Carambola (Averrhoa carambola L.) and Spinach by High 
Performance Liquid Chromatography. Journal of Agricultural and Food Chemistry, Washington. 30: 1106-1108.
Zapata, S.M., Dufour, J.P., Camu-camu Myrciaria dubia (HBK) Mc Vaugh. (1993). Chemical Composition of Fruit.  Journal of the Science of 
Food and Agriculture, London,61:349- 351.

International Journal of Applied Biology and Pharmaceutical Technology                Page: 629 
Available online at www.ijabpt.com

http://www.ijabpt.com/

	ABSTRACT : The fresh fruits of carambola (Averrhoa carambola L.) are used in jelly making, for garnishing salads and to prepare drinks. In some Asian countries, the green mature fruit is relished and consumed fresh and used in pickle preparations. In the present work the physical and chemical properties of carambola fruits were studied at different maturity stages. The fruits were characterized for physical properties like length, diameter, fresh weight, dry weight and moisture content. The fruits were also analyzed for soluble protein, total sugars, reducing sugars, ascorbic acid, oxalic acid, amino acid, pectin and chlorophyll. The composition of fruit varied widely during maturation. The length, diameter, fresh weight and dry weight increased as fruit mature and ripen. The pH of the fruit increased with maturity. The contents of reducing sugars, total sugars, soluble protein, amino acid and oxalic acid increased with maturity. Total chlorophyll content increased from young to half ripe fruit but in full ripe fruit it decreased significantly. 
	MATERIALS AND METHODS 
	Physical analysis

	Ten fruits of each maturity group were individually analyzed for physical characteristics. Length and diameter of the fruit were measured. The maximum width of the fruit, measured in the direction perpendicular to the polar axis, was denominated as diameter.
	Chemical analysis
	Maturity Stages
	Young
	Half ripe
	Full ripe
	Size
	a) Length (cm)
	7.13
	8.78
	10.17

	b) Diameter (cm)
	4.08
	4.78
	5.45

	Fresh weight (g)
	29.12
	41.03
	59.91

	Dry weight (g)
	1.28
	1.68
	2.57

	Moisture content (%)
	95.60
	95.90
	95.71


	Parameter
	1.
	2.
	Reducing sugars (% fresh weight)
	3.
	4.
	5.
	6.
	7.
	Chlorophyll 
	  c)  Total Chlorophyll


