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 Tamarind (Tamarindus indica L.) is a nutrient-rich fruit that has an acid and exotic flavor. It is widely 

consumed in natura at tropical countries such as India and Brazil. The aim of this study was to 

evaluate the application of tamarind as a substrate for the production of tamarind wine. The pulp from 

ripe fruits was used to produce wine in three different proceedings: (1) whole pulp, (2) pulp without 

insoluble solids and (3) pulp without insoluble solids and pH adjusted to 4.5. In all cases, the 

fermentation was performed with Saccharomyces cerevisiae yeast and the initial concentration of 

soluble solids adjusted to 25 °Brix. The wine with the highest alcohol content (10.2 °GL) was obtained 

after 11 days of fermentation at room temperature (~25 °C). The alcohol content increased in 2.5 

times with the removal of insoluble solids, and the pH correction contributed to an additional increase 

of 10%. The study demonstrated that tamarind presents good potential as a substrate for the production 

of wines, which can be an alternative to improve the utilization of the fruit. 

 

  
R E S U M O 
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 Aplicação de polpa de tamarindo para produção de vinho. 

Tamarindo (Tamarindus indica L.) é uma fruta rica em nutrientes, ácida e de aroma exótico. Ela é 

comumente consumida na forma in natura em países tropicais como Índia e Brasil. O objetivo deste 

estudo foi avaliar a aplicação da tamarindo como substrato para produção de vinho de tamarindo. A 

polpa proveniente da fruta madura foi usada para produção de vinho em três tratamentos: (1) polpa 

integral, (2) polpa sem os sólidos insolúveis e (3) polpa sem sólidos insolúveis e com ajuste de pH 

para 4,5. Em todos os casos, a fermentação foi realizada com Saccharomyces cerevisae e com con-

centração inicial de sólidos solúveis ajustada para 25 °Brix. O vinho com maior teor alcoólico (10,2 

°GL) foi obtido após 11 dias de fermentação em temperatura ambiente (~25 °C). O teor alcoólico foi 

2,5 vezes maior para o tratamento polpa sem sólidos solúveis e o tratamento polpa sem sólidos solú-

veis e pH = 4,5 aumentou em mais 10% a produção de etanol. O estudo demonstrou que a tamarindo 

apresenta bom potencial como substrato para produção de vinhos, o que pode ser uma alternativa para 

aumentar a utilização da fruta.  
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INTRODUCTION 

The alcoholic fermentation of fruits is a process 
carried out with the consumption of fermentable 
sugars and, as a result, the production of mainly 
ethanol, carbonic gas and energy release. It is 
usually performed by yeasts, especially 
Saccharomyces genus (Allinger et al., 1978). The 
initial stage of the process is the preparation of the 
pulp: the fruits are washed, peeled, seeded and 
crushed. The concentration of soluble solids (SS) 
and the pH of pulp are adjusted if necessary, in 
order to make an ideal must for the yeast 
development. The SS is adjusted by the addition of 
saccharose. This process is called “chaptalization”. 
The pH adjustment is performed with acid or basic 
solutions. In some cases, the removal of insoluble 
solids is necessary, as its presence may disturb the 
fermentative process (Aquarone, 2001). 

Although grape is one of the most common fruit 
used for wine production, almost any fruit can be 
used to this purpose, resulting in different flavors 
and aromas. According to the Brazilian legislation, 
any fruit with the adequate content of fermentable 
sugars can be used to produce wine, as long as the 
variation is stated the name of the beverage (Brazil, 
2004).  

As a country with continental proportions and 
comprising different climates, Brazil is adequate 
for the cultivation of a great variety of fruits. 
Therefore, different products with particular 
flavors and aromas can be developed from fruits. 
Several studies are in progress in Brazil aiming to 
explore the production of wine from different fruits, 
such as sweetsop (Annona squamosa L.), seriguela 
(Spondias purpurea) and mangaba (Hancornia 
speciosa) (Muniz et al., 2002); jabuticaba 
(Myrciaria jaboticaba Berg) (Asquieri et al., 
2004); strawberry (Fragaria moschata) (Andrade 
et al., 2013); carambola (Averrhoa carambola) (de 
Paula Valim et al., 2016) açaí (Euterpe oleracea) 
and cupuassu (Theobroma grandiflorum) (da Silva 
Pereira et al., 2014). 

Tamarind tree (Tamarindus indica L.) is a plant 
of the dicotyledon group, and its fruit (tamarind) 
produces a very acid pulp which represents 30-50 
% (kg/100 kg) of the ripe fruit. Due to the large 
amount of seeds in tamarind, the yield of the pulp 
is relatively lower when compared to the grape and 
other exotic fruits. Previous studies have indicated 
yield of red jambo (Syzygium malaccensis) pulp of 
approximately 75% (kg/ 100 kg) and grapes 
between 64 and 70% (kg/100 kg), depending on the 
type of treatment applied to extract the pulp. The 
pulp contains reducing sugars, pectin, protein, 
fibers, and cellulosic material. The main acid is the 
tartaric, with a concentration between 8 – 18 % 

(kg/100 kg). Tamarind is used in curry-based 
sauces and in beverages and can be applied as an 
acidulant to sodas. Tamarind also has digestive and 
laxative effects besides hypolipidemic activity. 
India is the largest producer of tamarind, but the 
fruit is also consumed in the Northeast of Brazil, 
where it is usually gathered from native trees or 
trees grown on family farms (Augusta et al., 2010; 
Ferreira et al., 2011; Muzaffar & Kumar, 2015; 
Paludo, 2015).  

Although the fruit is largely consumed in natura 
or made into juice, there are relatively few studies 
in the literature about the use of tamarind as a raw 
material for the production of fermented beverages. 
In the study developed by Mbaeyi-Nwaoha & 
Ajumobi (2015), tamarind was utilized associated 
with soursop (Annona muricata) in different 
proportions, and the results demonstrated that both 
fruits are good substrates for the production of table 
wines. However, that study was focused on the 
analysis of the nutritional composition of the wines. 

Therefore, the aim of this study was to 
investigate the characteristics of the fermentation 
for the production of tamarind wine and evaluate 
the effects of pH and insoluble solids on the 
efficiency of the fermentation process. 

MATERIAL AND METHODS 

 
Extraction and characterization of tamarind 
pulp  

 
Tamarind (Tamarindus indica L.) fruits were 

purchased in a local market in Campinas-SP-Brazil. 
The fruits were sanitized by immersion in water and 
a neutral detergent for 2 minutes and rinsed in 
running water. Subsequently, they were peeled 
manually and immersed in hot water (80 °C) for 5 
minutes in order to favor the separation of the seeds 
from the pulp. The extraction of the pulp and its 
separation from the seeds were done manually, with 
a domestic sieve. The pulp obtained was frozen (-
18° C) in glass flasks for later characterization and 
fermentation. 

In order to characterize the tamarind pulp, the 
mass of the whole fruits, the peeled fruits and the 
fruit pulp were weighed. The values obtained were 
used in order to calculate the extraction yield. The 
physicochemical analyses were conducted based on 
the methods of Adolfo Lutz Institute (IAL, 2005). 
The soluble solids (SS, °Brix = kg/100 kg of 
glucose) were measured directly with a portable 
refractometer (Instrutemp). The insoluble solids 
(IS, % = kg /100 kg) were measured by filtering a 
portion of pulp with a known mass in previously 
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dried and weighed paper filter. The paper and the 
insoluble residues were dried in an oven (105 °C) 
until a constant weight was achieved and the IS 
were measured by the difference between the initial 
and final mass. The titratable acidity, expressed in 
tartaric acid (% TA = kg/100 kg of tartaric acid), 
was measured by the titration of the pulp with a 
standard solution of NaOH (0.1 mol/L) until a final 
pH between 7.8 and 8.2 was obtained. The pH was 
measured directly in a digital pHmeter (Digimed). 
The reducing sugars expressed in glucose (% RS = 
kg/ 100 kg) were measured by titration of 10 mL of 
a standardized solution of reagent of Fehling and a 
solution of tamarind pulp. The vitamin C (vitC, 
mg/100g) was measured by the titration of the pulp 
with a standardized solution of iodine (0.1 mol/L) 
and a starch solution as an indicator. The ash 
content (% Ash, kg/100 kg) was obtained by 
calcining a portion of pulp with a known mass in a 
muffle furnace at 550 °C for 3 hours. Ethanol was 
measured by densimetry. Samples of 100 mL of 
wine were distilled in simple distillation equipment 
until collecting ¾ of the initial volume in order to 
guarantee the entire distillation of ethanol present 
in the sample. The volume of the distillate was 
completed to 100 mL in a volumetric flask and the 
solution thus obtained was used to measure the 
density using a previously calibrated pycnometer. 
All analyzes were performed from samples 
collected directly from the liquid tamarind pulp 
obtained in this study. The analyzes were 
performed in triplicates and the results were 
expressed as the mean plus or minus the standard 
deviation. 
 
Production of tamarind wine 

 
The fermentation process for the production of 

tamarind wine were conducted in glass beakers 
with usable volume of 1.0 L. In each fermentation 
set, the pulp was thawed, and the initial SS and the 
pH values were measured. The chaptalization 
(addition of sucrose) was performed in order to 
increase the SS value to 25 °Brix (kg/ 100 kg), thus 
achieving the desired alcoholic content which 
permits the fermented beverage to be classified as 

wine (4.0 a 14.0 ºGL = L/100 L) (Brazil, 2004). 
The musts were inoculated with lyophilized 

Saccharomyces cerevisae (Fermentis®). The 
reactivation of the yeasts was carried out according 
to the manufacturer instructions, which consists of 
spreading the yeasts in a volume of must equivalent 
to 10 times the yeast mass, at a temperature of 23 ± 
3°C. Then the mixture is left to stand for 15 
minutes, followed by slow stirring for 30 minutes 
until obtaining a cream consistency. The cream is 
inoculated into the must. Yeasts were inoculated at 
a concentration of 5.0 g/L. 

 
The beakers were covered with plastic film with 

small holes to allow the elimination of the carbonic 
gas produced during the fermentation, and then, 
were incubated at room temperature (~25 ºC). The 
SS and pH were measured over the period of 
fermentation to evaluate the kinetics of the process.  

The fermentations were carried out in three 
different conditions: (1) whole tamarind pulp, with 
pH = 3.0; (2) filtered tamarind pulp, i. e. without IS, 
with pH = 3.0; and (3) filtered tamarind pulp, with 
an adjusted pH of 4.5. All the tests were carried out 
in triplicate. The pulp was filtered with a cotton 
cloth (weight 210 g/m2) for the removal of the IS. 
The pH adjustment was achieved by adding 
calcium carbonate (CaCO3), until the pH 4.5 (de 
Paula Valim et al., 2016). 

RESULTS AND DISCUSSION 

Extraction and characterization of tamarind 
pulp  

 
From this extraction, the yield was calculated in 

two bases, the results were: 21.3% (kg pulp/100 kg 
of the whole fruit) and 31.2% (kg pulp/100 kg, 
excluding the mass of the peels). The last result is 
in accordance with the data observed in the 
literature (Ferreira et al., 2011; Muzaffar & Kumar, 
2015) 

The results obtained in the characterization of 
tamarind pulp are presented in Table 1. 
 

 
Table 1 - Physicochemical characterization of tamarind pulp. 

SS (º Brix = kg/100 kg of glucose) 13.5 ± 0.1 
IS (%, kg/ 100 kg) 2.0 ± 0.1 

TA (%, kg/ 100 kg of tartaric acid) 1.52 ± 0.04 
pH 3.0 ± 0.1 

RS (%, kg/100 kg of glucose) 9.0 ± 0.3 

Vitamin C (mg/100 g) 38.0 ± 0.8 
Ashes (% kg/100 kg) 0.19 ± 0.03 
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The fleshy pulp of the tamarind is strongly 
adhered to the seed. This characteristic, which 
makes the extraction difficult and requires variable 
amounts of water, combined with a large quantity 
of skin and seeds, explains the low yield of 
extraction in tamarinds. Furthermore, physical 
chemical characteristics of the tamarind pulps may 
vary considerably in function of the means by 
which the extraction was conducted. 

With regard to the soluble solids (SS), Silva, 
Oliveira & Jales (2010) found values ranging from 
2.8 to 5.0 % w/w in tamarind pulps obtained from 
different manufacturers. These values are 
considerably lower than that obtained in our study 
(13.0 % w/w). On the other hand, the TACO table 
(2011) indicates a high concentration of 
carbohydrates (72.5 %, kg/100 kg) and fibers (6.4 
%, kg/100kg), and low concentration of humidity 
(22 %, kg/100 kg) for the tamarind in natura. These 
values are higher than the SS and IS found in our 
study, which indicate the influence of the addition 
of water during the process of pulp extraction. A 
different study has stated that the pulp of the ripe 
tamarind may represent 30 to 50% (kg/100 kg) of 
the fruit (Muzaffar & Kumar, 2015), which is closer 
to the results of our study (31.3 % kg/100 kg yield). 

The tamarind is rich in vitamin C. A content of 

36.73 mg/100 g of vitamin C was found in the pulp 
(Silva et al., 2008), and values of 29.9 and 35.9 
mg/100 g in the pulp and wine, respectively 
(Mbaeyi-Nwaoha & Ajumobi, 2015). These results 
are similar to those found in our study (38.0 mg/100 
g). The daily intake of vitamin C recommended for 
adults varies from 60 to 90 mg/day (FAO, 2001), 
which means that approximately 200 g of tamarind 
pulp are sufficient to fulfill the daily needs of an 
adult. 

Other data obtained in the physical chemical 
characterization indicate that most of the sugars 
present in tamarind pulp are reducing sugars (9.0% 
of RS for 13.5 °Brix of SS, i.e. 66.7% of the 
sugars). Furthermore, one verified that the tamarind 
is a highly acid fruit, for the pulp obtained showed 
a low pH (3.1) and high titratable acidity (1.5 % 
w/w of tartaric acid). Finally, the ash content 
obtained in our study was the same as that cited on 
the TACO table (2011). 

 
Tamarind wine production 

 
Figure 1 shows the results obtained from the first 

fermentation for the production of tamarind wine 
conduct with the whole pulp. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 - Values of pH and concentration of soluble solids (SS, °Brix) and ethanol (°GL) of the alcoholic 
fermentation of the whole pulp of tamarind by S. cerevisiae at room temperature (~25°C). 
 

 These results indicate that the fermentation was 
not efficient, since there was a low consumption of 
SS and a small production of ethanol (2.3 ± 0.3 
°GL, L/100 L) after 8 days of fermentation. The 
concentration of ethanol obtained did not allow the 

classification of the fermented beverage as wine ac-
cording to the Brazilian legislation (Brazil, 2004). 
During the fermentation, a separation of the insolu-
ble solids from the must occurred and, apparently, 
the yeasts were attached to the layer of insoluble 
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solids that was formed on the surface of the must.  
Then, a second fermentation was conducted, in 
which a previous filtration of the must in a cotton 

cloth was done in order to remove the insoluble sol-
ids. The results can be seen in Figure 2. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 - Values of pH, concentration of soluble solids (SS, °Brix) and ethanol (°GL) of the alcoholic fermen-
tation of tamarind pulp (with the removal of insoluble solids but without initial pH adjustment) by S. cerevisiae 
at room temperature (~25°C). 
 

The data presented in Figure 2 demonstrate that 
the removal of the insoluble solids improved signif-
icantly the performance of the alcoholic fermenta-
tion of tamarind pulp. Comparatively, the alcohol 
content in the second fermentation had reached 5.8 
°GL after 8 days of fermentation (2.5 times higher 
than in the fermentation with the whole pulp). 
However, the alcohol content obtained after 8 days 
of fermentation was not sufficient for the fermented 
to be classified as a table wine, which must have 
between 8.6 and 14.0° GL (L/100 L) (Brazil, 2004). 
Thus, fermentation was prolonged until the alcohol 
content reached the desired range. 

After 15 days of fermentation, the tamarind wine 
had reached 9.3 ± 0.2 °GL (L/100L), an adequate 
value for table wines. This value was higher than 
the alcohol content obtained in the production of 
tamarind and soursop wines, which was of 8.14 
°GL (L/100 L) after around five weeks of fermen-
tation (Mbaeyi-Nwaoha & Ajumobi, 2015). This 

means our experiment has a productivity 2.7 higher 
than what describe in literature. The obtained result 
was also similar to that observed in the production 
of carambola wine (11.25 °GL), which used the 
same yeast strain (de Paula Valim et al., 2016). 
Those authors, however, obtained the fermentation 
in a shorter period (5 days) by applying optimized 
initial conditions of SS (23.8 o 25.0 °Brix), pH (4.5 
to 5.0) and concentration of yeast (1.5 to 2.5 g/L).
  

The sequence of the study was conducted with 
the removal of insoluble solids by filtration, which 
proved itself to be effective in the second fermen-
tation, and with the adjustment of the pH of the 
must to 4.5 (the most favorable condition to the 
yeast strain utilized) by the addition of calcium car-
bonate (de Paula Valim et al., 2016). The results of 
the fermentation with the pH correction and re-
moval of insoluble solids are shown in Figure 3. 
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Figure 3 - Values of pH, concentration of soluble solids (SS, °Brix) and ethanol (°GL) of the alcoholic fermen-
tation of tamarind pulp (with the removal of insoluble solids and initial pH adjustment to 4.5) by S. cerevisiae 
at room temperature (~25 °C). 
 

The correction of the initial pH of tamarind pulp 
to 4.5 led to a greater efficiency of the fermentative 
process (Fig. 3). The consumption of SS and the 
production of ethanol on the first days of fermenta-
tion were accelerated noticeably, in contrast to the 
previous fermentations, in which the SS consump-
tion was slow and gradual. The fermentation profile 
obtained was very similar to that observed for the 
production of carambola wine (de Paula Valim et 
al., 2016) using the same yeast strain and initial pH, 
in which there was a tendency of stabilization of the 
fermentation process after 5 days. The fermentation 
in this third test was conducted up to 11 days of fer-
mentation, reaching a final alcohol content of 10.2 
± 0.4 ° GL (L/100 L). This result was approxi-
mately 10% higher than in the second fermentation 
(9.3 °GL), with a reduction of 4 days (26.7%) in the 
fermentation period.  

The three tests conducted in this study can also 
be compared in terms of the productivity of ethanol 
production, since the fermentation times were dif-
ferent. Considering the final ethanol productivity 
(calculated on the last day of each fermentation), 
the results obtained were 0.29, 0.62 and 0.93 L eth-
anol/(100 L wine. day), respectively. This means 
that removing IS increased productivity by 2.1 
times (trial 2 versus trial 1) and that pH adjustment 
increased productivity by 1.5 times (trial 3 versus 
trial 2). It is also possible to make this comparison 

in terms of maximum productivity for each trial, 
which were, respectively, 0.47, 1.15 and 3.07 L eth-
anol/ (100 L wine. day). In this case, there was an 
increase of 2.4 times (trial 2 versus trial 1) and 2.7 
times (trial 3 versus trial 2). This information 
demonstrates that the modifications undertaken in 
the study were efficient both to increase the total 
production of ethanol and to reduce the fermenta-
tion time. 

The final alcohol content (in °GL, L/100 L) 
achieved in the production of tamarind wine was 
also similar to the results obtained for other tropical 
fruits, as shown in the literature, such as of sweet-
sop (8.4), açaí and cupuassu (6.8), starfruit (11.1), 
seriguela (10.0), jackfruit (13.0), strawberry (9.6), 
mangaba (9.8) and tamarind (8.1) (de Paula Valim 
et al., 2016; Mbaeyi-Nwaoha & Ajumobi, 2015; da 
Silva Pereira et al., 2014; Andrade et al., 2013; As-
quieri et al., 2004; Muniz et al., 2002). This demon-
strates that the tamarind, as well as other tropical 
fruits, shows good potential for the production of 
wines under adequate fermentation conditions. 

CONCLUSION 

This study demonstrated that tamarind is a good 
substrate for alcoholic fermentation and production 
of wine. The high concentration of insoluble solids 
(IS) and low pH are, however, limiting factors for 
the fermentation by the yeast used in the tests, 
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which retard the process and lower the alcohol 
content. The utilization of the filtered pulp led to an 
increase in the alcohol content of 2.5 times. After 
removing IS, changing the initial pH from 3.0 to 4.5 
promoted an increase of 10% in alcohol content, 
which reached 10.2° GL. As the study was 
univariate, it is not possible to say whether there 
was an interaction between the two factors studied. 
The filtration and pH correction also enhanced the 
fermentation time, thus making the process more 
efficient. The results in this study are important due 
to the exiguous literature available dealing with the 
utilization of the tamarind in the production of 
processed foods and beverages. 
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