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The fruits of the umbu (Spondias tuberosa Arruda Camara), also known as 
'imbu' in English, were analysed for some physical and chemical changes during 
various stages of maturity. The fruit was found to be round to ovoidal in shape, 
being, on average, 3.21 cm long and 2.86 cm in width. Half-ripe fruits contained 
the maximum (64.62%) pulp content. The pH of the fruits increased with the 
advance in maturity and ripe fruits were significantly less acidic than green ma- 
ture and half-ripe fruits. Ripe and half-ripe fruits contained significantly higher 
reducing sugars (5.34 and 4.14%, respectively) than green mature (2.79%) fruits. 

INTRODUCTION 

Among several fruits belonging to the genus Spondias, 
which are grown in various parts of the tropics, the 
umbu (Spondias tuberosa Arruda Camara), although 
relatively little known in the Western Hemisphere, is 
considered perhaps the best in quality (Popenoe, 1920). 
Umbuzeiro, or imbuzeiro as the plant is traditionally 
known in Brazil, is native to the semi-arid region of the 
Borborema, in the state of Paraiba (Gomes, 1964). It is 
found in great abundance in dry areas known as 
'caatingas' in North-eastern Brazil (Rizzini & Mors, 
1976). 

Although the annual production of umbu is reported 
to be about 19,000 metric tons (Fundaq/io Instituto 
Brasileiro de Geografia e Estatistica, 1989), its actual 
production is expected to be much higher as its ac- 
countability is subject to error, as a result of its natural 
habitat and the absence of any systematic plantations. 
The fruit is utilized principally in the form of 'um- 
buzada', prepared by mixing the filtered pulp with 
sugar and milk. The fruit is also used in the production 
of ice cream and in the manufacture of cordial, wine 
and sweet confections. Recently, the fruit-processing in- 
dustries of the region have developed an interest in this 
fruit and are exporting the frozen pulp to several Euro- 
pean countries. 

The fruit, umbu, sometimes referred to in English as 
'imbu', is a drupe that is 2-3.5 cm long and weighs 
10-20 g; it is round, ovoid or oblong in shape and 
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greenish yellow in colour when ripe, with a thin skin and 
a large seed (Gomes, 1985). The pulp, which is soft, juicy 
and has a bitter-sweet taste, is very much appreciated 
by the local people and comparable to sweet orange. 

Scientific information, in general, on this fruit is 
scanty. Silva et aL (1987a) studied the phenological 
characteristics of umbu trees, relating this to the gen- 
etic variations existent in different municipalities of Ta- 
peroa and Teixeira in the state of Paraiba, Brazil. Silva 
et al. (1984) also reported the mineral composition of 
leaves, fruits, roots and tubers of umbuzeiro. Chaves et 
al. (1971) presented some physical and chemical analy- 
ses of ripe umbu fruit. However, no detailed study ex- 
ists on the physical and chemical characteristics of 
umbu fruit at different stages of maturity. 

The objective of the present study was to determine 
the physical, physico-chemical and chemical characteris- 
tics during the various stages of maturation of the fruit. 
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MATERIALS AND METHODS 

The fruits of the umbuzeiro (Spondias tuberosa Arruda 
Camara) were obtained from the municipality of Pom- 
bal in the state of Paraiba, Brazil. After the harvest, the 
fruits were classified into three apparent maturities, 
based on the subjective evaluation of the texture of the 
fruit and colour of the skin: 

(1) green mature - -  hard texture and green colour; 
(2) half-ripe - -  firm texture and light green coiour; 
(3) ripe - -  soft texture and light green colour with 

yellowish tinge. 
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Physical analysis 

Thirty fruits of each maturity were individually analysed 
for physical characteristics. The length and diameter of  
the fruit were measured with a vernier calliper and the 
volume was measured by displacement of liquid. The 
measurement of length was made on the polar axis of  
fruit, i.e. between the apex and the stem. The maximum 
width of  the fruit, measured in the direction perpendic- 
ular to the polar axis, is defined as the diameter. 

Chemical analysis 

The edible portion of the fruit was separated from the 
seed using a stainless steel knife, and triturated in a do- 
mestic mixer, at its maximum velocity, for 3 min. Mois- 
ture, titratable acidity, ash, crude fibre, sugars, starch, 
pectin, tannin, ascorbic acid, iron, calcium and phos- 
phorus were determined according to the methods de- 
scribed by Ranganna (1977). The protein content was 
determined by the method of  Lowry, modified by 
Schacterle & Pollack (1973). Five samples of  each ma- 
turity were analysed in triplicate. 

Statistical analysis 

The statistical analysis was performed using the Statis- 
tical Package for the Social Sciences (Nie et aL, 1975). 
Tukey's studentized range test (Steel & Tome ,  1980) 
was performed to compare all the mean differences. 

RESULTS AND DISCUSSION 

The dimensions of the umbu fruit and its components 
are shown in Table 1. The fruit is round to ovoidal in 

shape, being 3.21+1.14 cm (mean + three times the 
standard deviation covering 99-97% of  all determina- 
tions) long and 2.86+0-84 cm in diameter for all three 
maturities. Medeiros (1967) reported the fruit to be an 
oval drupe, 3-5-4.0 cm long. The ratio of  length to di- 
ameter of  the seed was about 1.5, because of its ellip- 
soidal-to-ovoidal form. The thickness of the pulp in- 
creased from 0.64 cm in green mature fruits to about 
0.86 cm in half-ripe fruits, presenting a significant dif- 
ference between them; however, no significant differ- 
ence was observed between half-ripe and ripe fruits. 

The distribution by weight of  the various compo- 
nents of  the fruit is presented in Table 2. Taking into 
consideration the fruits of  all three maturities, it was 
observed that, on average, the pulp, seed and skin con- 
stituted 57.78, 21.27 and 20.95% of  the weight of the 
whole fruit, respectively. Although no mention was 
made of the maturity of the fruits, higher values of 
61-72% of pulp for the fruits obtained from the muni- 
cipalities of  Taperoa and Teixeira, in the state of 
Paraiba (Silva et aL, 1987b) and 73% for the fruits 
from various municipalities of  the state of Pernambuco 
have been reported. Since the cultivars of  this fruit are 
not well defined, the studies relate to the production 
place. In the present study, the half-ripe fruits con- 
tained the maximum pulp content (64-62%), which 
showed a significant difference from green mature or 
ripe fruits. The pulp was white with a greenish tinge, 
soft and juicy, and possessed a very characteristic taste, 
which changed from sour for green mature to sweet for 
half-ripe and ripe fruits. The total weight, volume and 
density of  the fruit also increased from green mature 
fruits to half-ripe fruits, being maximum at this stage. 
The lower weight of  ripe fruits compared with that of  

Table 1. Dimensions of the umbu fruit and its components 

Parameter Statistical Apparent maturity All 
description the 

Green Half-ripe Ripe fruits 

No. of fruits n 30 30 30 90 

Length of fruit Mean (cm) 2.88 a 3-55" 3.19" 3.21 
SD 0-25 0-24 0-30 0.38 

Diameter of fruit Mean (cm) 2.63 a 3.08 c 2.88 h 2.86 
SD 0.19 0.17 0.27 0-28 

Length of seed Mean (cm) 1.84 a 2.11 h 1.88 a 1.94 
SD 0-19 0.17 0.18 0.21 

Diameter of seed Mean (cm) 1.35 ~' 1.36 b I. 19 a 1.30 
SD 0-09 0-14 0.14 0-14 

Thickness of pulp Mean (cm) 0.64 a 0.86 b 0.84 b 0.78 
SD 0.08 0.15 0-14 0-15 

Length/diameter Mean 1.09 a 1.15 h 1.11 h 1.12 
of fruit SD 0.06 0.08 0-09 0.08 

n = Number of fruits. 
Means in each row followed by different superscript letters were significantly different (p < 0.05). 
SD = standard deviation. 
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Table 2. Weight of various components and volume of the umbu fruit 
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Parameter Statistical Apparent maturity All 
description the 

Green Half-ripe Ripe fruits 

No. of fruits n 30 30 30 90 

Weight of Mean (g) 10.95 a 19.02 c 16.19/' 15-39 
fruit SD 2.55 2-54 3.89 4.52 

Mean (%) 100.00 100-00 100.00 100.00 

Weight of Mean (g) 2.19 a 3.05 b 428 c 3.17 
seed SD 0.35 0.50 1-24 1-17 

Mean (%) 20.52 16.09 27.20 21.27 

Weight of Mean (g) 2.72 a 3.66 b 2-90 a 3-09 
skin SD 0.63 0.58 0.53 0.71 

Mean (%) 25-01 19.29 18.57 20.95 

Weight of Mean (g) 6.04 a 12.32 c 9.01 b 9.12 
pulp SD 1.85 1.93 3.66 3.65 

Mean (%) 54.48 64.62 54-24 57.78 

Volume of Mean (cm 3) 10.30 a 16.43 b 15.40 b 14.04 
fruit SD 2-17 3-13 3.77 4.08 

Density Mean (g/cm 3) 1.06 a 1.18 b 1-05 a l- 10 
of fruit SD 0.06 0.17 0.05 0.12 

n = Number of fruits. 
Means in each row followed by different superscript letters were significantly different (p < 0-05). 
SD = standard deviation. 

half-ripe fruits could be attributed to the metabolic 
changes during ripening. 

The data on physico-chemical parameters of  the pulp 
of umbu fruit are presented in Table 3. The pH of  the 
fruits increased with the advance in maturity, being 
2.90 for green mature,  3-00 for half-ripe and 3.30 for 
ripe fruits. These relatively low pH values characterized 
the acidic taste of  the pulp. Chaves et al. (1971) re- 
ported still lower pH values (2-65) for umbu fruits. The 
titratable acidity decreased with the advance in matu-  
rity. Ripe fruits were significantly less acidic (0-95%) 
than green mature (1.35%) and half-ripe fruits (1.13%). 
The soluble solids (degree Brix) content was highest 

(10.2%) in the ripe fruits. The Brix/acid ratio increased 
from 5.40 for green mature to 10-73 for ripe fruits. 

The chemical analysis of  the fruits is shown in Table 
4. On average, the umbu fruit pulp has a moisture con- 
tent of  87%; however, a higher value of  92.6% was re- 
ported by Benk (1981). There were no significant differ- 
ences among the three maturities for moisture, fibre 
and tannin contents. Ripe and half-ripe fruits con- 
tained significantly higher reducing sugars (5.34 and 
4.14%), respectively than green mature (2.79%) fruits. 
Benk (1981) reported a higher reducing sugars (7.09%) 
content in umbu fruit, although the stage of  maturity 
of  the fruit was not mentioned. The mean protein con- 

Table 3. Physico-chemical parameters of the umbu pulp 

Parameter Statistical 
description 

Apparent maturity 

Green Half-ripe Ripe 

All 
the 

fruits 

pH 

Degree Brix 

Titratable acid 
(as anhydrous 
citric acid) 

Degree Brix/Titratable 
acidity 

Mean 2'90 a 3.00 a 3.30 b 3.07 
SD 0.17 0.10 0-23 0.21 

Mean 9.30 a 8-90 a 10.20 h 9.47 
SD 0-27 0.42 0.45 0-67 

Mean (%) 1.35 c 1.13 b 0.95 a 1. ! 4 
SD 0-02 0.04 0.10 0.18 

Mean 5-40 a 7.87 b 10.73 c 8.56 
SD 0.20 0.25 1.23 1.88 

Means in each row followed by different superscript letters were significantly different (p < 0.05). 
SD = standard deviation. 
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Table 4. Chemical composition of the umbu fruit (per 100 g of edible portion) 

Constituent Statistical 
description 

Apparent maturity 

Green Half-ripe Ripe 

All 
the 

fruits 

Moisture Mean (g) 88.57 a 87.81 a 85.38 a 87.25 
SD 0.47 0.34 0-10 1.44 

Fat Mean (g) 0.81 a 0.82 a 0-89 a 0.85 
SD 0.02 0.02 0.03 0.03 

Protein Mean (g) 0.31 b 0.24 a 0.38 c 0.31 
SD 0.06 0.02 0.03 0.07 

Crude fibre Mean (g) 1-09 a 0.97 a 1.06 a 1-04 
SD 0-15 0.07 0-08 0.19 

Total sugars Mean (g) 3.37 a 6-14 b 6.63 b 5.38 
SD 0.49 1.24 0.09 1.65 

Reducing sugars Mean (g) 2.79 a 4-14 b 5.34 b 4.09 
SD 0.19 0-57 0.40 1-10 

Non-reducing Mean (g) 0.58 a 2.00 b 1-29 ab 1.29 
sugars SD 0.33 0.70 0.43 0.76 

Starch Mean (g) 1.55 b 1.39 b 1.28 a 1.41 
SD 0.14 0.27 0.14 0.21 

Calcium pectate Mean (g) 1-98/' 1.19 a 0.99 a 1.39 
SD 0.37 0.06 0.06 0.44 

Tannin Mean (g) 0-13 a 0.12 a 0.12 a 0.12 
SD 0.01 0-01 0.02 0.01 

Ascorbic acid Mean (mg) 18.4 c 15.9 b 13.2 a 15.8 
SD 0.52 0.32 2.25 2.52 

Means in each row followed by different superscript letters were significantly different (p < 0-05). 
SD = standard deviation; <0.01 is reported as 0.01. 

tent o f  the fruit was found to be low (0-31%) compared  
with reported values o f  0.54% (Benk, 1981) and 0.96% 
(Chaves et aL, 1971). The starch content  decreased with 
the advance in matur i ty  and its concentra t ion in ripe 
fruits was found to differ significantly f rom those o f  
green mature  and half-ripe fruits. The average value o f  
ascorbic acid for  all three maturities o f  umbu  fruit was 
15.8 mg/100 g, which is higher than the reported values 
o f  13.1 mg/100 g (Benk, 1981) and 1.84 mg/100 g 

(Chaves et al., 1971). The ascorbic acid content  de- 
creased significantly with the advance in maturi ty,  
being 18.4 mg/100 g for green mature,  15-9 mg/100 g 
for half-ripe and 13.2 mg/100 g for ripe fruits. 

The ash and phosphorous  contents  (Table 5) found 
in this study are in good  agreement  with the values 
reported by Benk (1981); however,  higher values o f  
ash (0.47%, calcium (22.8 mg/100 g) and phosphorus  
(50.3 mg/100 g) were reported for the fruits f rom the 

Table 5. Mineral content of the umbu fruit (per 100 g of edible portion) 

Constituent Statistical Apparent maturity All 
description the 

Green Half-ripe Ripe fruits 

Ash Mean (g) 0.32 a 0-27 a 0-30 ~ 0.30 
SD 0.02 0.04 0.06 0.05 

Iron Mean (mg) 1.5 a 1-4 a 1.4 a 1.46 
SD 0.50 0-26 0.30 0.35 

Calcium Mean (mg) 16.2 a 15-! a 15.8 a 15-6 
SD 1-29 1.21 0.85 1.13 

Phosphorus Mean (mg) 32.7 b 23.9 a 29-9 ab 27-9 
SD 3.37 2-56 3.12 2-97 

Means in each row followed by different superscript letters were significantly different (p < 0.05). 
SD = standard deviation. 



Variation in umbu fruit during maturation 259 

state of  Pernambuco (Chaves et al., 1971). There were 
no significant differences among the three maturities 
for calcium, iron and ash contents. The iron content 
was found to be high (1-46 mg/100 g) compared with 
the 1.02 rag/100 g reported by Chaves et al. (1971) and 
the 0.6 rag/100 g reported by Benk (1981). 
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