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ABSTRACT

Blood fruit and aonla are highly nutritious fruits, 
production of fermented beverage from this fruits 
could reduce post harvest loss and different variety of 
beverages can be produced. The aim of this study was 
to evaluate the response of different source of sugar 
(palm and cane jaggery) on production of blood fruit 
and aonla fermented beverages. From the finding it 
was observed that there was  decrease in TSS, total 
sugar, ethyl alcohol, β-carotene, anthocyanin and 
ascorbic content during storage. Whereas, titratable 
acidity and organoleptic score increases after 14 
months of storage. Maximum ethyl alcohol and 
organoleptic score, was obtained in fermented bev-
erages using palm jaggery during storage with better 
β- carotene and anthocyanin retention percentage. 
Both the fermented beverages showed acceptable 
scores by the panellist so can be recommended  for 
the commercial production and generate employment.

Keywords  Bloodfruit, Aonla, Jaggery, Fermented 
beverages.

INTRODUCTION

Fermentation is a viable technique in preservation as 
well as development of new products with modified 
physico-chemical and sensory qualities especially 
flavor and nutritional components. Saccharomyces 
spp. are the most generally used microorganism 
for production of fermented beverages as they are 
comparatively efficient in alcohol production and can 
withstand  higher levels of ethanol than other fungi. 
They also produce compounds that are believed to 
influence the final flavor of the fermented liquid 
(Reed and Nogodawahames 1991). The technology 
of manufacturing fermented beverages from grape 
is quite advanced because of the natural chemical 
balance of the grape juice that aids to fermentation 
process without the addition of sugars, acids, en-
zymes, or other nutrients. However, various fruits 
such as banana, cucumber, pineapple, star fruit and 
mango can be also used. The usage of different fruits 
may lead to productions of beverages with different 
flavors  (Obaedo and Ikenebomeh 2009, Chilaka et 
al. 2010, Adiyaman et al. 2019, Patel et al. 2021). 

Aonla fruits is highly nutritious and one of the 
richest sources of vitamin-C, amino acids and min-
erals. It contains several chemical constituents like 
tannins, alkaloids, polyphenols, vitamins and min-
erals (Dasaroju and Gottumukkala 2014). All these 
useful natural components, can be extracted during 
fermentation in the form of fermented beverages with 
the help of Saccharomyces cerevisiae. Blood fruit is 
one among the lesser known and underutilized fruit 
plant which has a rich source of antioxidant and pos-
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sesses immense nutritive and medicinal value. The 
high nutritional value of blood fruit indicates good 
potential for exploration and value-added products 
like fermented beverages for consumption during off 
season (Flory et al. 2021). 

Even though blood fruit and aonla possesses 
immense nutritive and medicinal value they are less 
preferred for direct consumption due to less pulp, 
thick peel and large seed in blood fruit and high 
astringency taste in aonla fruit. Therefore, these 
fruits can be prepared into value added products like 
fermented beverages. Lack of readily available publi-
cation on preparation and storage studies of fermented 
beverages from blood fruit and aonla with respect to 
sugar types. Therefore, efforts were made to evaluate 
the response of different source of sugar (palm and 
cane jaggery) on production of blood fruit and aonla 
fermented beverages and study on its chemical com-
position, sensory evaluation and nutrient retention 
percentage during  its storage.

MATERIALS AND METHODS

Sources of materials

Ripe fruits with good appearance, free from diseases 
were selected. They were purchased from local mar-
ket in Tura, Meghalaya and bought to the laboratory 
(Department of Horticulture, North Eastern Hill 
University) for preparation of fermented beverages

Yeast culture

Commercial yeast Lalvin K1-V1116 Saccharomyces 
cerevisiae INRA- Montpellier was use for fermenta-
tion. The yeast was rehydrated with a small portion 
of must and incubated at room temperature for 48 
hours and thereafter added to the total must volume 
(10 ml/1liter).
 
Preparation of must for blood fruit and aonla 
fermented beverages

After washing the fruits, blood fruit were used as 
whole fruit by giving four scissor cuts and used in 
the ratio of 1:1 (blood fruit : water) while aonla fruits 
were first blanched and blitzed in a pulper until a 

pulp consistency was achieved and used in the ratio 
of 1:2 (aonla pulp : water). The sugar concentrations 
were adjusted to 20 ᵒBrix TSS with  palm and cane 
jaggery, pH adjusted to 3.5 with citric acid and the 
must were mixed in the  combination of Blood fruit+ 
aonla (70%+30%) for the presence studies to pre-
pared fermented beverages).  All fermentations were 
conducted at room temperature, without agitation in 
bamboo container and covered with plastic film, each 
fermentation lasted 9 days. After fermentation they 
were filtered and stored in amber color bottles and 
kept for maturation (6 months). Reading were taken 
at every two months interval till 14 months.

Nutritive analysis 

The quality parameters were analyzed by standard 
methods like TSS (ºBrix) by Hand Refractometer, 
sugars (%) by Lane and Eynon (1923), titratable 
acidity (%) by AOAC (1990), ascorbic acid (mg/ 100 
ml), β-carotene (IU), the total monomeric anthocyanin 
(mg/100 ml) as describe by Ranganna (2000). Alcohol 
(%) by automatic digital Alcoholometer Alex 500.

Statistical analysis

The data was tabulated and subjected to analysis of 
variance (ANOVA) according to factorial completely 
randomized design. The Critical Difference Value 
at1% level was used for making comparisons among 
different treatments by Gomez and Gomez (1984).

Sensory evaluation

The sensory evaluation was carried out to determine 
the overall acceptability on a 5-point hedonic scale 
by a panel of 15 judges (adult male and female). The 
end of storage life of the processed products was de-
termined mostly on the basis of sensory quality and 
nutritive values (sensory rating 3 and above).

Estimation of benefit : Cost ratio

The benefit :  Cost ratio was calculated after esti-
mation the cost involved including the operational 
as well as 10% overhead charges incurred during 
fermentation of blended fermented beverages.
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Changes in TSS (oBrix)

Table 1 summarizes the changes in the data of pooled 
mean of two years TSS (oBrix) content of blood 
fruit and aonla fermented during storage. The TSS 
content of the fermented beverages was observed to 
decreased during storage period for both using (palm 
and cane jaggery) sugar source up to 14 months, the 
rate of decreasing being more in fermented beverages 
using cane jaggery followed by palm jaggery, it may 
be due to utilization of jaggery as a carbohydrate 
source for growth and development of yeast during 
fermentation.The total soluble solid content varied 
from 7.38  to 6.70 oBrix and 7.06 to 5.70 oBrix in 

fermented beverages using palm and cane jaggery 
during storage period up to 14 months indicating 
a non significant effect between storage period and 
sugar types. Reduction in TSS content during storage 
was also reported by Joshi et al. (2012) in jamun 
(Syzygium cuminii L. Skeels) wine.

Changes in total sugar

Perusal of data in Table 1 pertaining to total sugar 
content of blood fruit and aonla fermented beverag-
es by using different sugar source observed that the 
total sugar content of fermented beverages gradually 
reduces with increasing the duration of storage (14 

Table 1.  Changes in TSS (oBrix) and total sugar (%) of blood fruit and aonla fermented beverages during storage period. (1) MAS : 
Month after storage (2) M : Months (3) S : Sugar types (4) M × S : Months × Sugar.
 
Months                                              TSS (oBrix)                                                                 Total sugar (%)
           Palm jaggery          Cane jaggery                         Palm jaggery          Cane jaggery
 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean

0Month 7.42 7.33 7.38 6.92 7.20 7.06 2.03 2.11 2.07 1.98 2.09 2.04
6MAS 7.40 7.20 7.30 6.67 7.07 6.87 1.66 1.85 1.76 1.59 1.68 1.63
8MAS 7.40 6.73 7.07 6.53 6.47 6.50 1.61 1.70 1.65 1.55 1.65 1.60
10MAS 7.47 6.27 6.87 6.53 5.40 5.97 1.48 1.48 1.48 1.40 1.48 1.44
12MAS 7.40 6.20 6.80 6.13 5.40 5.77 1.45 1.45 1.45 1.39 1.45 1.42
14MAS 7.27 6.13 6.70 5.93 5.47 5.70 1.35 1.38 1.37 1.30 1.37 1.34
Mean   7.02   6.31   1.63   1.58
                SED±          CD   (0.01%)                 CV %                SED±            CD (0.01%)               CV %

M  0.22  0.61  5.71  0.03  0.07  2.74
S  0.13  0.35    0.01  0.04 
M×S    NS      NS  

Table 2. Changes in titratable acidity (%) and ascorbic acid (mg/100 ml) of blood fruit and aonla fermented beverages during storage period. 
(1) MAS : Month after storage (2) M : Months (3) S : Sugar types (4) M × S : Months × Sugar.

Months                          Titratable acidity (%)                                                       Ascorbic acid (mg/100ml)
          Palm jaggery                      Cane jaggery                         Palm jaggery                          Cane jaggery
 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean

0Month 0.40 0.45 0.42 0.38 0.38 0.38 9.88 9.40 9.64 7.18 7.36 7.27
6MAS 0.43 0.45 0.44 0.40 0.45 0.42 7.11 7.20 7.15 7.04 7.15 7.10
8MAS 0.44 0.47 0.46 0.40 0.46 0.43 4.91 4.76 4.83 3.27 3.91 3.59
10MAS 0.46 0.50 0.48 0.43 0.48 0.45 4.00 3.63 3.82 3.55 3.81 3.68
12MAS 0.49 0.53 0.51 0.50 0.51 0.51 3.29 3.41 3.35 2.52 2.89 2.71
14MAS 0.51 0.54 0.52 0.50 0.51 0.51 3.18 3.07 3.13 2.52 2.55 2.54
Mean   0.47   0.45   5.32   4.48

                SED±              CD(0.01%)                 CV %                SED±               CD (0.01%) CV %

M                 0.01                    0.03                  4.12                  0.09                    0.24                  3.08
S                 0.01                    0.02                                    0.05                    0.14 
M×S   NS      NS     
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months). The rate of decrease was more in fermented 
beverages prepared using cane jaggery (2.04 to 
1.34%) as compared to fermented beverages prepared 
using palm jaggery (2.07 to 1.37%) up to 14 months 
of storage. During storage, a steady reduction in total 
sugar content might be due to slow mobility of sugar 
molecules within the wine and helped them being 
utilized in Maillard reaction and other degradative 
reaction such as formation of organic acid. The values 
obtained for total sugar showed much more synchro-
nization with the results of an earlier study conducted 
by Reddy et al. (2017) in aonla fermented beverages.

Changes in titratable acidity (%)

It is apparent from the Table 2 that the titratable acid 
content of fermented beverages increased slightly 
with increase in the storage duration. It was evident 
from the result that the titratable acidity content of 
blood fruit and aonla fermented beverages showed 
an increasing trend. This might be due to rapid break 
down of ascorbic acid and pectinous substances 
(Desrosier and Desrosier1998). The increased in 
titratable acidity in fermented beverages using palm 
jaggery (0.42 to 0.52%) as sugar source were more as 
compared to fermented beverages prepared using cane 
jaggery( 0.38 to 0.51%) . Increase in titratable acidity 
during storage  are in conformity with the findings of 
Karan et al. 2017 in pomegranate  based Fermented 
Nutraceutical Product, Oba et al. 2018 in mixed fruit 
wine produced from physically damaged fruits.

Changes in ascorbic acid

It was observed that the blood fruit and aonla fer-
mented beverages prepared using palm and cane 
jaggery as carbohydrates sources showed gradual 
decrease in ascorbic acid content as storage duration 
increase. It was found that the initial value of ascorbic 
acid of the freshly prepared fermented beverages us-
ing palm jaggery was 9.64 mg/100 ml while it reduces 
to 2.52 mg/100ml respectively after 14 months of 
storage. The ascorbic acid was oxidized during stor-
age and the rate of oxidation was more in fermented 
beverages prepared using cane jaggery. Retention 
of ascorbic acid (34.94%) was more in cane jaggery 
as compared to palm jaggery sugar types (32.47%). 
This findings were in comfirmation with the findings 
of Adiyaman et al. (2019), Suresh et al. (2015) in 
Emblica officinalis wine.

Changes in anthocyanin (mg/100 ml) 

The anthocyanin content of blood fruit and aonla 
fermented beverages showed a decreasing trend 
with increase in storage duration in Table 3 (from 
7.02 to 3.15 mg/100ml and 8.94 to 3.32 mg/100 ml) 
by using palm and cane jaggery as sugar sources re-
spectively loss of anthocyanins during storage is due 
to degradation and polymerization of anthocyanins 
with time. The data showed significant interaction 
effect between storage period and sugar types. The 
fermented beverages prepared using palm jaggery 

Table  3.  Changes in anthocyanin (mg/100 ml) and β- carotene (IU)  of  blood  fruit  and  aonla  fermented beverages  during  storage period. 
 
Months                                      Anthocyanin(mg/100ml)                                                β- carotene(IU)
                                   Palm jaggery         Cane jaggery                           Palm jaggery                      Cane jaggery
 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean

0Month 8.77 5.28 7.02 9.06 8.82 8.94 102.98 91.05 97.01 140.33 121.25 130.79
6MAS 4.21 4.60 4.40 5.75 4.28 5.02 92.75 80.82 86.79 92.75 85.94 89.34
8MAS 3.67 4.43 4.05 3.67 4.10 3.88 72.30 72.30 72.30 73.24 78.28 75.76
10MAS 3.51 4.13 3.82 3.56 3.77 3.67 64.30 68.89 66.60 73.20 78.28 75.74
12MAS 3.43 3.24 3.34 3.51 3.37 3.44 58.66 63.35 61.01 70.60 73.23 71.91
14MAS 3.19 3.11 3.15 3.41 3.22 3.32 58.66 62.02 60.34 68.89 73.20 71.04
Mean   4.30   4.71   74.01   85.76

 SED±  CD (0.01%)                  CV %  SED±  CD (0.01%) CV %

M 0.33  0.93   12.75  2.40  6.70  5.19
S 0.19  0.54     1.38  3.87 
M×S 0.47  1.31     3.39  9.47 
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have maximum anthocynin retention (44.87 %) as 
compared to cane jaggery (37%), this might be due 
to presence of higher alcohol percentage which help 
in preserving anthocyanin content in the fermented 
beverages. Similar trend of decrease in anthocyanin 
with increased in storage duration  was  reported by 
Mousavi et al. (2011) in probiotic pomegranate juice.

Changes in β-carotene (IU)

The β-carotene content of blood fruit and aonla fer-
mented beverages showed a decreasing trend with 
increase in storage duration in Table 3 (from 97.01 
to 60.34 IU and 130.79 to 71.04 IU by using palm 
and cane jaggery as sugar sources respectively). As 
β-carotene are light sensitive so they decreases as 
storage time increases. The data showed significant 
interaction effect between storage months and sug-
ar types. At the end of aging maximum retention 
(62.21%) of β-carotene was observed in fermented 
beverages prepared using palm jaggery. Similar trend 
was reported by Adiyaman et al. (2019) in star fruit 
(Averrhoa carambola L.) wine.

Alcohol content (%)

At the initial stage, the alcohol content of both fer-
mented beverages ranged between 9% and 8.59%  
respectively. Due to the impact and unequal distri-
bution of carbohydrate sources from palm and cane 
jaggery for the growth and development of yeast 

during fermentation major discrepancy in alcohol 
content was observed. There was gradual increased 
in alcohol % in both the fermented beverages after 
6 months of storage due to complete conversion of 
sugar to alcohol. But after 8 months of storage the 
alcohol content reduces in both the fermented bev-
erages (9 % to 8.54% in palm jaggery and 8.59% to 
8.28 %  in cane jaggery), this might due to evaporation 
of alcohol due to inproper packaging.  These results, 
coupled with earlier studies conducted by Reddy et 
al. (2017) in amla fermented beverages Holegar et 
al. (2015) in jamun wine.

Organoleptic characteristics

Acceptability of fermented beverages by the con-
sumers depends on its sensory attributes. The sensory 
characteristics of the fermented beverages were 
evaluated by a panel of 15 semi-trained judges based 
on 5 points hedonic scale up to 14 months of storage 
and the values are expressed in Table 4.  Both the fer-
mented beverages were accepted by the panelist. The 
organoleptic score increases as the storage duration 
increases for both the fermented beverages prepared 
using palm jaggery (3.69 to 4.32) and cane jaggery 
(3.54 to 4.16). More economical  b/c ratio of 3.53 was 
obtained in fermented beverages using cane jaggery 
whereas B/C ratio of fermented beverages using palm 
jaggery (3.32)  as sugar source were also beneficial 
for the producer. 

Table 4.  Changes in Alcohol (%) and Organoleptic taste of blood fruit and aonla fermented beverages during storage period.
 
Months                     Alcohol (%)                                  Organoleptic taste (5 Hedodic scale)
            Palm jaggery                          Cane jaggery                           Palm jaggery          Cane jaggery
 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean 2018 2019 Mean

0Month 8.93 9.07 9.00 8.70 8.47 8.59 3.86 3.52 3.69 3.83 3.24 3.54
6MAS 9.57 9.89 9.73 9.41 9.57 9.49 4.20 3.60 3.90 3.50 3.45 3.59
8MAS 9.33 9.48 9.41 8.89 9.10 8.99 4.23 3.91 4.07 4.18 3.78 3.98
10MAS 8.89 9.00 8.95 8.34 8.86 8.60 4.35 3.96 4.15 4.23 3.79 4.01
12MAS 8.80 8.60 8.70 8.33 8.46 8.40 4.37 4.01 4.19 4.26 3.85 4.05
14MAS 8.57 8.51 8.54 8.32 8.24 8.28 4.45 4.18 4.32 4.35 3.97 4.16
Mean   9.05   8.72   4.05   3.89

 SED±  CD (0.01%)  CV %  SED±  CD (0.01%) CV %

M 0.065  0.183   1.27  0.11  0.31  4.84
S 0.038  0.106     0.06  0.18 
M×S  NS       NS     



173

 

CONCLUSION

It can be concluded from the present study  that both 
palm and cane jaggery are effective carbohydrate 
(energy) sources for the growth and development of 
yeast during the fermented beverages  processing with 
better retention of nutrient and sensory parameters. 
Both the fermented beverages contained significant 
amount of antioxidant like anthocyanin, ascorbic acid 
and β-carotene. Therefore,on the basis of the present 
study, palm jaggery is recommended as a carbo-
hydrate source having higher alcohol% and higher 
organoleptic  score, better anthocyanin and β-carotene 
retention percentage after 14 months of storage. It is 
however recommended that further studies should 
be carried out on different formulation of fermented 
beverages from blood fruit and aonla by using more 
different types of sugar as carbohydrate source like 
fructose, sucrose for growth and development of yeast 
to see if acceptable fermented beverages would be 
produced. Other health promoting attributes from the 
fermented beverages can also be identified for further 
studies. The fermented beverage of this combination 
(70% blood fruit+30% aonla) using palm and cane 
jaggery showed acceptable scores by the panellist 
so can recommend this beverage for the commercial 
production and generate the employment based on 
the B/C ratio.
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