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1 Introduction 
Recent researches in the food and nutrition sectors have 

called the attention of consumers towards the interest in fresh 
and processed foods that offer some additional benefits to 
health (ABDULLAH; CHENG, 2001; PASTORE, 2005). In 
order to meet these new standards of food demand, many 
native or introduced fruits, little explored economically, can be 
tested as raw material for domestic industrial use (PASTORE, 
2005; LAGO; GOMES; DA-SILVA, 2006). Syzygium cumini is 
a fruit commonly known in Brazil as jambolan that, when ripe, 
presents intense purple color - very attractive for industrial 
processing. It is traditionally known in its native country (India) 
for its physiological and nutritional benefits (MORTON, 1987). 
Aqueous and ethanolic extracts extracted from jambolan seeds 
are frequently used in the treatment of diabetes mellitus. Some 

studies have shown that, when these extracts were added to the 
diet of diabetic animals, there was a glycemia level reduction 
(PRINCE; MENON; PARI, 1998; GROVER; VATS; RATHI, 
2000; SHARMA  et  al., 2003) and, this therapeutic effect has 
been associated to some inorganic compounds (RAVI; SEKAR; 
SUBRAMANIAN, 2004). The juice from unripe fruits is used 
as raw-material in vinegar production and it is considered by 
the Indian popular medicine as stomach and diuretic medicine 
(BANERJEE; DASGUPTA; DE, 2005). Ripe fruits are used 
in the production of juices, nectars and jellies (BANERJEE; 
DASGUPTA; DE, 2005; MORTON, 1987). Recent studies 
have shown that the jambolan presents high anthocyanin 
content (LAGO; GOMES; DA-SILVA, 2006; TOBAL, 2007; 
VEIGAS  et  al., 2007), considered similar to the one found 

Resumo
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Abstract
In Brazil, several little economically explored fruits have good potential as raw material for the agro-industry. This study aimed to produce 
and determine the physical-chemical and sensory characteristics of light jambolan jelly. This fruit has intense purple color, which gave the 
jellies - both standard and light - a quite attractive visual aspect. The light jellies exhibited similar physical-chemical characteristics to the 
ones developed through the conventional method and; with the proportion of sweeteners used, the caloric values of the formulations were 
reduced to the range of 41 to 53%, attending the requirements of the Brazilian legislation for this type of product. The sensory profile obtained 
for the 4 light formulations developed, clearly showed the tasters’ preference for the jelly elaborated with the association of cyclamate and 
saccharin. Thus, the results revealed good perspectives for the application of this fruit in the food industry.
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running water, treated in a solution of sodium hypochlorite 
(200 ppm) (Isofar, Brazil) for 15 minutes, rinsed, conditioned 
in plastic sacks and kept under refrigeration (5-7 °C) until the 
beginning of the processing. For the elaboration of the jellies 
the following ingredients and addictives were used: sucrose 
(Cristal); glucose, citric acid, calcium chloride, sorbic acid, 
acesulfame-k, cyclamate, saccharin (Plury Química Ltda.); 
sucralose (Splenda) and three types of pectin (donated by 
CPKelco) - one with semi-rapid gelification (GENU Pectin 
Type 115, with metoxilation range between 66-70%); one with 
rapid gelification (GENU Pectin Type 105, with metoxilation 
range between 70-76%) and one specific for low sugar jellies 
with soluble solids of 45-60% (GENU Pectin Type LM-101 LS, 
with metoxilation lower than 50%).

2.2 Processing of the jellies

The fruits were separated from the seed with the aid of an 
stainless steel knife and homogenized with water in an industrial 
stainless steel blender with 2 L capacity (Tron), at 25,000 rpm 
velocity when empty, at a proportion of seedless fruit:water of 
0.7:0.3. Separation of skin and pulp was carried out by using 
a 0.59 mm diameter sieve and pulp pH was adjusted to 3.4 by 
using acidulant citric acid.

Conventional jelly (control formulation): was manufactured 
according to Lago, Gomes and Da-Silva (2006) using a 
proportion of pulp:sugar of 0.6:0.4 (being the sugar in the 
proportion of sucrose:glucose of 0.8:0.2) and 1% of pectin 
(in the proportion of type 105:type 115 of 0.7:0.3, w/w). This 
mixture underwent cooking in a 5 L capacity stainless steel 
pan, with continued manual agitation until the desired final 
soluble solids concentration was reached. The total soluble solids 
content was measured using a refractometer (Abbe Modelo 2 
Waj, Biobrix). It should be emphasized that the choice for the 
pectins was based on the pH of the pulp, on the soluble solids 
content and, mainly, on the product potting temperature. It is 
known that, in artisanal processing scale, the long period of 
time spent in the potting step decreases jellies temperatures to 
values not recommended for Pectin GENU type 105, which is 
85 °C, damaging the execution of this step of the process. Thus, 
a viable alternative is the use of pectins with slower gelification 
(SOLER, 1991), which is the case of Pectin GENU type 115. 
Despite the difference in the jellifying temperature between the 
tested products be small (5 °C), the metoxilation level of the 
pectins has a direct influence on functional properties such as 
solubility, jellifying capacity and conditions (SILVA, 2006). The 
association of these pectins probably provided enough time for 
the handling during the potting and cooling steps and, therefore, 
a jambolan jelly with better texture.

Light formulations: To define the formulations of sweeteners 
the following parameters were taken into consideration: the 
sweeteners stability in processing conditions (high acidity 
and temperature) and the synergistic effect of combinations 
of sweeteners described in the literature. It is known that 
different sweeteners present specific characteristics of 
intensity, persistence of the sweet taste and presence or not 
of residual taste. Therefore, some test formulations were 
initially elaborated and simplified tastings (bench scale tests) 

in blueberries, classified as a nutraceutic commodity of high 
commercial value (VEIGAS  et  al., 2007). Brito  et  al. (2007) 
observed that the main anthocyanins present in jambolan 
harvested in Brazil are the following: delphinidin, cyanidin, 
petunidin, peonidin and malvidin diglucoside, the first one being 
predominant. On the other hand, Veigas et al. (2007) reported 
that, after qualitative determination of anthocyanins present 
in jambolan harvested in India, the main anthocyanins are 
delphinidin, petunidin and, especially, malvidin-3-ο-glucoside. 
Also, these authors observed that the anthocyanic extract from 
jambolan presents relatively high stability at high temperature 
and high antioxidant activity. Similar results were obtained by 
Hassimotto, Genovese and Lajolo (2005), Tobal (2008) and 
Faria et al. (2011) after studying Brazilian jambolan in natura, 
characterizing the fruit as an important source of bioactive 
compounds.

The ingestion of antioxidant rich foods presents a 
relevant role in the prevention of cardiovascular diseases and 
cancer (GERBER et al., 2002; KRIS-ETHERTON et al., 2002; 
SERAFINI  et  al., 2002), as well as neurodegerative diseases, 
including Parkinson’s and Alzheimer’s disease (DI-MATTEO; 
ESPOSITO, 2003).

Besides the presence of anthocyanins, jambolan contains 
tannins - phenolic compounds of high molecular weight that, as 
in cashew (Anacardium sp.) and green banana (Musa sp.), give 
the pulp an astringent taste. It is known that, in small proportions 
or in combination with other food compounds, astringency can 
contribute to a desirable taste, such as in wines produced from 
red grapes cultivar. In addition, when ingested in small amounts, 
the tannins naturally present in fruits may be beneficial to human 
health due to its anticarcinogenic activity and its antimutagenic 
effect (AGOSTINHO-COSTA; DA-SILVA, 2008).

In a study carried out in Brazil, it was noted that after 
jambolan jelly production, this astringency was masked and 
the product presented pleasant taste, characteristic of the fruit 
(LAGO; GOMES; DA-SILVA, 2006). Therefore, jambolan presents 
potential for being used as raw-material in the manufacture 
of food products (BARCIA; MEDINA; ZAMBIAZI, 2007; 
BARCIA  et  al., 2005; KHURDIYA; ROY, 1985; KANNAN; 
THIRUMARAN, 2004; LAGO; GOMES; DA-SILVA, 2006), 
being used as food additives (dyes) (TOBAL, 2007) and in 
pharmaceutical formulations (VEIGAS et al., 2007). Thus, taking 
into consideration the importance of developing light and diet 
sweets and jellies from new sources of raw-materials, this work 
had the purpose of elaborating light jelly from jambolan and 
evaluating its physical-chemical and sensory characteristics. 

2 Materials and methods

2.1 Raw-material and ingredients

The fruits were picked ripe in São José do Rio Preto, in the 
northwest region of the State of São Paulo in January 2009 and 
were transported to the Biochemistry and Applied Microbiology 
Laboratory at the Institute of Biosciences, Language and Physical 
Sciences (IBILCE), UNESP – São Paulo State University, São 
José do Rio Preto campus; they were then selected, washed in 
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through the difference between the last two; were determined. 
The results were evaluated by variance analysis (ANOVA) 
and the values that showed significant mean difference were 
complemented with Tukey’s test, at probability (p ≤ 0.05) 
level of 5%, using the computer program ESTAT - version 2.0 
(KRONKA; BANZATTO, 2004). From the content of energetic 
compounds, caloric content was calculated according to 
Franco (1989).

2.4 Sensory analysis of the jellies

The affective test for acceptability was carried out with 
potential fruit jelly consumers. In order to do so, the recruiting 
questionnaire presented in Chart 1 was given to a group of 
160  individuals comprising undergraduate and graduate 
students, teachers and administration employees at São Paulo 
State University - UNESP, São José do Rio Preto campus. On 
the basis of the answers, individuals who presented interest 
and availability to participate in the tests and the habit to 
consume conventional and light products were selected. 
This study was submitted to and approved by the Ethics in 
Research Committee from UNESP/IBILCE (Report N 36/09 
and CAAE – 0010.0.229.000-09) and the participants signed 
a Term of Consent according to Resolution 196/96, which 
contains the policies and regulations for researches involving 
human beings (FARIA; YOTSUYANAGI, 2008).

The tests occurred at the same time as the physical-chemical 
evaluations, at individual cabins in the Sensory Analysis 
Laboratory of the Food Engineering Department at UNESP. 
20 g samples were served randomly to the panelists, in plastic 
recipients identified with 3 digit codes. The panelists were asked 
to indicate how much they liked/disliked the jellies based on 
the following attributes: appearance, color, odor, texture, taste 
and global evaluation, according to a 9 point hedonic scale 
(1 = disliked extremely; 2 = disliked very much; 3 = disliked 
moderately; 4 = disliked slightly; 5 = neither liked nor disliked; 
6 = liked slightly; 7 = liked moderately; 8 = liked very much; 
9 = liked extremely).

were carried out to establish formulations that resulted in 
products exhibiting taste and characteristics similar to the 
conventional product (CARDELLO; SILVA; DAMÁSIO, 2000). 
All formulations selected for chemical and sensory analysis 
took into consideration the average equivalent sweetness of 
the sweeteners and their maximum limits, as defined by the 
Brazilian legislation (BRASIL, 2008). We intend, in the near 
future, to carry out a study to determine the equivalent sweetness 
and the sweetening power of the best combination of sweeteners 
compared to sucrose, as well as evaluate the acceptance of this 
product at the concentration determined as ideal.

For the four light formulations, 1.5% of low metoxilation 
pectin and 60 mg of calcium chloride were used to help 
gel formation. To keep sweetness at the same level, 30% of 
sugar was replaced for the combination of the sweeteners in 
the following proportions in weight: cyclamate:saccharin, 
0.65:0.35 (F1) ;  sucralose:saccharin,  0.80:0.20 (F2) ; 
acessulfame-k:cyclamate:saccharin, 0.40:0.40:0.20 (F3) and, 
acessulfame-k:sucralose, 0.50:0.50 (F4).

These jellies were also subjected to cooking in a 5 L capacity 
stainless steel pan, with continued manual agitation until the 
desired final soluble solids concentration was reached. The total 
soluble solids content was measured using a refractometer (Abbe 
Modelo 2 Waj, Biobrix). After that, 0.05% (p/p) of sorbic acid 
preservative was added only to the light formulation in order to 
control the growth of filamentous fungi and yeasts.

After this stage, all jellies were bottled, still hot, in 250 g 
glass pots, previously sterilized at 121 °C for 15 minutes, closed 
with metal lids, immediately in cold water for 15 minutes and 
kept at room temperature.

2.3 Physical-chemical determinations of jellies

The jellies were analyzed regarding protein content, lipid, 
pH, total soluble solids (°Brix), acidity (direct titration in citric 
acid) and moisture according to the methodologies established 
by Adolfo Lutz Institute (PREGNOLATTO; PREGNOLATTO, 
1985). Total sugar, according to Dulbois et al. (1956); reducing 
sugars according to Miller (1958); and non-reducing sugars, 

Recruitment of jelly tasting panelists

Personal information

Name:

Telephone number:

1) Age 2) Sex 3) Jelly consumption frequency 4) Intake of light products

(  ) up to 25 years old (  ) female (   ) consumes daily (   ) consumes daily

(  ) from 26 to 35 years old (  ) male (   ) consumes occasionally (   ) consumes occasionally

(  ) from 36 to 50 years old (   ) does not consume (   ) does not consume

(  ) more than 50 years old

Chart 1. Questionnaire used to recruit panelists for the light jellies affective tests.

Ciênc. Tecnol. Aliment., Campinas, 31(3): 666-673, jul.-set. 2011668



Lago-Vanzela et al.

ZAMBIAZI, 2006). Thus, the product was used as a control 
sample for comparison with the light formulations. Light jellies 
presented lower total soluble solids contents than the one found 
for the standard jelly, which was expected due to the sugar 
reduction. Besides, there was a 41 to 53% reduction on total 
sugar content for the light jellies, which is a major component 
and practically defines the caloric value of jellies (Figure 1).

Table 1 shows that, independent of the light formulations, 
pH values did not present significant differences; however, they 
were a little higher than the value obtained for the standard jelly. 
When developing light jambolan jelly using only saccharin as 
sugar substitute, Barcia et al. (2005) reported similar behavior; 
however, the value was lower (3.38) than the ones found in this 
work (3.68-3.72). The light jellies, except for the formulation 
containing cyclamate and saccharin (F1), presented acidity 
values slightly lower than the one found for the standard jelly. 
These results differ from the ones reported by Granada et al. 
(2005) and Mota (2007) which, after developing and chemically 
characterizing light pineapple and blackberry jellies, respectively, 
noted formulations (different combinations of sweeteners) with 
acidity values higher than the ones found for the control jelly 
(with sucrose). Alterations on the light formulations, as well 
as on standard jelly, did not have a great interference on the 
lipid and protein contents. The values found were above those 
reported for light pineapple jelly (GRANADA et al., 2005). As 

To avoid any influence on tasters due to fatigue or 
indifference on the evaluation of the last sample, the evaluation 
of the four light jelly formulations was carried out in two steps: 
in the first block, the F1 and F2 formulations were compared 
and in the second block, the F3 and F4 formulations were 
compared. To be certain that differences in the appearance 
between samples could not influence the panelists’ answers, 
the evaluations of color and appearance attributes were carried 
out in white light while the other attributes assessments (odor, 
texture and taste) took place in red light. These attributes were 
chosen to be evaluated since they are part of first impression 
parameters, which have great influence on the consumption 
of food products (MORI, 1982). The results were evaluated 
by variance analysis (ANOVA) and the values that showed 
significant mean difference were complemented with Tukey’s 
test, at probability (p ≤ 0.05) level of 5%, using the computer 
program ESTAT - version 2.0 (KRONKA; BANZATTO, 2004). 

After that, the light jellies selected from previous sensory 
analysis (F1 and F4) were evaluated through a preference affective 
test (paired comparison). The samples were presented to the 
panelists in white colored disposable recipients, coded with 
three random algorisms. After tasting, they were required to 
indicate the preferred sample. Each sample was made up of 
approximately 20 g of jelly, at room temperature, according to 
the recommendations of the International Organization for 
Standardization (ISO 5497, 1982) (FARIA; YOTSUYANAGI, 
2008). The minimum number needed to establish preference of 
a sample over another was established by consulting the Table 
for Paired Comparison Test (FARIA; YOTSUYANAGI, 2008). 

3 Results and discussion

3.1 Physical-chemical analysis of jellies

In the standard jelly obtained in this work, the total soluble 
solids content (72 °Brix) was superior to the one found by 
Barcia et al. (2005) and by Lago, Gomes and Da-Silva (2006) for 
jambolan jelly, which were 67 and 68 °Brix, respectively. This 
variation did not result in apparent damages to the jelly taste 
and texture and the value obtained was close to the one found 
for other jellies such as hibiscus (73 °Brix) (NACHTIGALL; 

Table 1. Physical-chemical determinations of standard and light jellies.*

Determinations Formulations
Standard F1 F2 F3 F4

Moisture (%) 25.50 ± 0.21a 47.83 ± 0.49b 47.86 ± 0.15b 47.72 ± 0.09b 47.79 ± 0.17b

Protein (%) 0.54 ± 0.01a 0.57 ± 0.00ab 0.62 ± 0.04b 0.65 ± 0.05b 0.62 ± 0.02b

Lipids (%) 0.28 ± 0.02a 0.27 ± 0.02a 0.23 ± 0.01a 0.26 ± 0.01a 0.25 ± 0.01a

Total sugars (% glucose) 68.0 ± 2.0a 37.0 ± 2.0b 37.0 ± 2.0b 32.0 ± 1.0c 36.0 ± 1.0b

Reducing sugars (% glucose) 29.0 ± 1.0a 17.0 ± 0.0b 14.0 ± 1.0c 15.0 ± 0.0bc 17.0 ± 0.0b

Non-reducing sugars (% sucrose) 39.0 ± 0.7a 19.0 ± 1.0b 21.0 ± 1.4c 17.0 ± 1.1b 19.0 ± 1.0b

Total soluble solids (°Brix) 72.0 ± 0.00a 51.0 ± 0.00b 52.0 ± 0.00b 55.5 ± 0.00c 50.0 ± 0.00b

Acidity (%) (in citric acid) 1.09 ± 0.03a 1.09 ± 0.01a 0.98 ± 0.00c 1.02 ± 0.01b 0.99 ± 0.01c

pH 3.56 ± 0.02b 3.70 ± 0.01a 3.70 ± 0.03a 3.72 ± 0.02a 3.68 ± 0.01a

*Values followed by the same letter on the same row do not differ significantly by the Tukey’s test (p < 0.05). F1 - sweeteners cyclamate:saccharin in the proportion of 0.65:0.35; 
F2 - sucralose:saccharin in the proportion of 0.80:0.20; F3 - acesulfame-k:ciclamate:saccharin in the proportion of 0.40:0.40:0.20; F4 - acesulfame-k:sucralose in the proportion of 0.50:0.50.

Figure 1. Reduction of the caloric value of the light jambolan 
jellies in comparison to standard jelly. (F1. cyclamate: saccharin; 
F2 - sucralose: saccharin; F3. acessulfame-k: cyclamate: saccharin; 
F4. acesulfame-k:sucralose).
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at a wide range of pH 2.0-10.0 and at high temperatures 
(WELLS  et  al., 1989). The combined use of cyclamate and 
saccharin to provide the sweetness in diet and light food 
products is very common in Brazil due to the synergism it 
offers. These positive effects were also evidenced in this study 
for jambolan jelly.

Sucralose is also used in combination with saccharin. This 
sweetener exhibits excellent chemical and biological stability, 
which makes its use possible in any type of product, including 
foods with low pH and subject to thermal treatment (NABORS, 
2002). Besides, it presents advantages in comparison to other 
sweeteners because its taste is very similar to sucrose and, when 
combined with saccharin, it masks the metallic residual taste 
which is distinctive in saccharin (PINHEIRO et al., 2005). In 
jambolan jelly, this characteristic was not impressive since the 
interaction between the sweeteners and compounds of the jelly 
did not result in preferential acceptance by the panelists.

In block B, the combinations of sweeteners tested were 
acesulfame-k:cyclamate:saccharin and acesulfame-k:sucralose. 
Acesulfame-k exhibits a sweetness profile similar to glucose: 
rapidly perceptive sweetness, with low decrease, but not 
persistent, nevertheless, with a slightly superior lasting 
sweetness when compared to sucrose. Besides, it is highly 

expected, the standard jelly differed from the light formulations 
by presenting lower moisture content caused by the higher sugar 
concentration. Due to the higher water activity, light jellies 
are more susceptible to microbial contamination (coliforms, 
filamentous fungi and/or yeasts). Thus, it is necessary to 
carry out microbiological analysis during storage in order to 
determine the period in which the product exhibits adequate 
sanitary conditions.

It was observed that the light jellies exhibited caloric 
reduction of approximately 50%, which is superior to what 
was previously planned (theoretical) for the formulations. For 
jellies of different fruits, a reduction between 30 and 50% on the 
sugar content is common when compared to the conventional 
formulation (GRANADA  et  al., 2005; MENDONÇA  et  al., 
2000; MOTA, 2007; TEIXEIRA; SOUZA; ZAMBIAZI, 2001). 
Examples are light strawberry, peach, plum and pineapple jellies 
(TEIXEIRA; SOUZA; ZAMBIAZI, 2001), as well as apple jelly 
(MENDONÇA et al., 2000) and pineapple (GRANADA et al., 
2005), which exhibited 21 to 37% reduction on the total sugar 
content.

3.2 Sensory analysis of the jellies

Among the 160 individuals who answered the recruiting 
questionnaire, 68% were female and 32% male. Out of these, 
105 individuals were pre-selected by the team and only fifty 
were required for the analysis, with 50% from the total of 
women and 6% from the total of men within the age range of 
26-35 (Figure 2). In spite of the percentage of women being 
significantly higher, it is known that the sexual category does 
not interfere in the acuity of sensory analysis. This age range is 
preferred since the individuals normally present well defined 
consuming habits, good health and financial condition. The 
consumption frequency reported by the recruited population 
showed that percentages higher than 70% from the total of 
women and men occasionally ate jellies or light products 
(Figure 3), being the recruitment of panelists satisfactory for 
the objectives of the research.

After the light jellies acceptability tests, it was possible to 
note that, in Block A, the use of the cyclamate and saccharin 
mixture resulted in a product (F1) with pleasant sensory 
characteristics, and the grades of the analyzed attributes 
were significantly better than the ones for the jelly made with 
sucralose and saccharin (F2). Taccharin presents low price when 
compared to other sweeteners; high sweetening power; high 
stability throughout a wide range of temperature and pH; low 
hygroscopicity; easy incorporation to liquid or dry mixtures 
(PINHEIRO et al., 2005); easy solubility in hot or cold water; and 
it is not metabolized by the human organism. This versatility of 
saccharin allows its use in many food products due to its stability 
towards storage and heating, and also because it blends well 
with other sweeteners and it can be successfully incorporated 
to both liquid and dry mixtures (NABORS; GELARDI, 1986). 
In spite of presenting residual bitter taste in aqueous solution, 
this bitterness can be masked or minimized when mixed with 
other sweeteners (HIGGINBOTHAM, 1983).

One of the sweeteners used in association with saccharin 
is cyclamate, which presents excellent taste quality, exceptional 
storage stability, as well as high solubility in water and stability 

Figure 2. Age distribution of the panelists required for the analysis of 
light jambolan jelly.

Up to 25 
years old

From 26 to 
35 years old

From 36 to 
50 years old

More than 
50 years 

Figure 3. The consumption frequency reported by the recruited 
population.
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4 Conclusions
Light jambolan jelly exhibited physical-chemical 

characteristics which were in agreement with what is demanded 
by the Brazilian legislation. The jelly formulated with cyclamate 
and saccharin presented better sensory characteristics when 
compared to the other formulations and, consequently, better 
acceptance among the panelists. The results obtained encourage 
new studies in order to improve the formulation and also the 
use of this product as a new alternative for the agro industry.
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be rapidly diluted in water and it is not affected by thermal 
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properties which make it very interesting when associated with 
other sweeteners, probably due do the sum of the time-intensity 
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and acesulfame-k presented better acceptance by the panelists. 
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due to the presence of acesulfame-k. On the other hand, when 
the product was elaborated with sucralose and acesulfame-k, the 
panelists observed an improvement on the product sweet taste.

Based on these results, we chose to continue the studies 
with formulations F1 and F2, which were evaluated by affective 
test of preference. The results revealed that 35 out of 55 panelists 
preferred the jelly made with cyclamate and saccharin. The 
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was significantly more preferred than the one made with 
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their effects on the human beings are gaining importance 
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Table 2 - Sensory characteristics of jambolan jellies.*

Attributes Formulations
Block A Block B
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*Values followed by the same letter on the same line, for each block, do not differ significantly by the Tukey’s test (p < 0,05). F1 - cyclamate: saccharin; 
F2 - sucralose: saccharin; F3 - acesulfame-k: cyclamate: saccharin; F4 - acesulfame-k:sucralose); LSD. Least Significant Difference of Tukey’s test.
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