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Abstract The present study investigated the effect of dif-

ferent wine strains and inoculum size on the physico-

chemical, bioactive, and sensorial attributes of wine

prepared from beetroot with varying TSS content (18 and

20�Brix) and inoculum sizes (5% (v/v) and 10% (v/v)). The

beetroot wine produced by fermenting the must for

0–14 days and standard protocols adopted to analyze the

wine properties. It was noticed that the acidity of wine

increased and pH was found to be decreased as the fer-

mentation days increased. In addition, alcohol content was

significantly enhanced ([ 10% by volume) in T5, which

was higher than the other trials. In general, results of

sensory and physicochemical analysis of different trials

showed that T5 (TSS 18�Brix and inoculum size of 5% (v/

v)) produced the wine of acceptable quality using Sac-

charomyces cerevisiae. The color properties revealed that

the L* value increased as fermentation progressed. Wine

prepared from T5 possessed TSS of 6.55�Brix, 3.96 pH,

0.35% titratable acidity, reducing sugar of 26.75 lg ml-1,

30.03% of DPPH free radical scavenging activity, phenol

content (104.20 lg ml-1) and betalain content of 10.85 mg

100 g-1. There were significant differences in the taste,

flavor, and overall acceptability of beetroot wines fer-

mented for 14 days.
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Introduction

Wine is an alcoholic drink made from fermented grapes or

other fruits and plants. Undistilled alcoholic beverages

which were fermented and aged are known as fruit wines.

They are nutritious and are a moderate stimulant (Swamy

et al. 2014). The fruit-based fermented product contains

significant nutrients and, as an effect of amino acids and

yeast nutrients released during fermentation, is more

nutritious than fresh juice (Swamy et al. 2014).

Fermentation is an economical processing method, used

globally and is a useful tool in household fermented tra-

ditional foods that haphazardly employs huge quantities of

microbial and raw inoculants (Ashaolu 2019). It is tradi-

tionally used to obtain various products from different

cereals. Fermentation of foods offers many advantages

including saving energy when processing the matrix,

desired biochemical changes to improve nutrition, healthy

food, product shelf life, and enhanced sensory character-

istics (Guyot 2012; Luana et al. 2014). Numerous sub-

strates from vegetables, cereals, milk and fruit, and starchy

root crops have been fermented more easily due to their

very low costs of fermentation and LAB cultures, so that

their nutritional status could improve, the toxic and non-

nutritional features are reduced and food shelf life and

sensory properties are improved (Simatende et al. 2015).

Beetroot juice (BRJ) contains an appreciable amount of

antioxidants and many other health-benefiting compounds
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like minerals such as calcium, magnesium, iron, potassium,

phosphorus, sodium, and zinc whereas vitamins like biotin,

folic acid, niacin, vitamin B6, besides soluble fiber

(Wootton-Beard and Ryan 2011) and water-soluble pig-

ments betalains like betacyanin and betaxanthins (Azeredo

2009). Previous reports depict that beetroot juice signifi-

cantly decreased levels and activities of several hepatic and

mammary gland carcinogen metabolizing enzymes in rats

and its pigments have shown the anticancer property

(Szaefer et al. 2014).

In the fermentation of beer, ales, sakes, and wines, the S.

cerevisiae is the most used yeast. Some fermented drinks,

however, are made at interspecies or interspecies levels

from Saccharomyces hybrids. Among the plants commonly

used as fermentation, yeast hybrids are S. mikatae, S.

kudriavzevii, and S.uvarum. In the production of many

wines and Belgian beers at low temperatures, for instance,

hybrids of S. cerevisiae and S. kudriavzevii are genetically

hybridized to make some fermented cider and white wine

(Peris et al. 2018). S. cerevisiae yeast vigorous fermenta-

tion capacity in the presence and lack of oxygen has been

identified as the key strategy in the fight against other

microbial species present in must. S. cerevisiae consume

sugar resources more quickly and its rivals may harm or

less tolerate the ethanol and CO2 produced during fer-

mentation. S. cerevisiae can then use accumulated ethanol

as a substratum for aerobic respiration once the competitors

are overcome (Thomson et al. 2005; Piškur et al. 2006).

Fermentation process of wine can be extended for as long

as possible, but a sweet wine is created by stopping the

process before the complete conversion of all the sugar

(Otegbayo et al. 2020).

Exotic vegetables such as passion fruit are used to make

wine (Chowdhury and Ray 2007). Research on wine pro-

duction in India shows that there has been remarkable

progress in the creation of technologies for the preparation

of different types of wines from different fruit species.

Efficient marketing in India of grapes and apple wines is a

sign that fruit wine could be expected from a potential

Indian market. However, the preparation of wine with

various vegetables in India and the world is still not very

popular. Therefore, there is a need to develop value-added

products to enhance beetroot utilization and minimize

losses. This study aimed to develop beetroot wine using the

three different commercial S. cerevisiae strains (MTCC

178, ATCC 9080, and NDRI) to know the most appropriate

fermenting strains for good quality beetroot wine and also

to evaluate the influence of their inoculum sizes with

varying total soluble solids on the physicochemical com-

pounds of the produced beetroot wine.

Materials and methods

Raw materials and chemicals

Beetroot (Var. Detroit Dark Red) was purchased from the

local market of Varanasi, Uttar Pradesh, India. All the

chemicals and reagents were of analytical grade and were

procured from Merck-Sigma and Fisher Scientific, Mum-

bai, India.

Starter culture and maintenance media

The freeze-dried S. cerevisiae MTCC 178 strain was pro-

cured from Microbial Type Culture Collection (MTCC),

Institute of Microbial Technology, Chandigarh (India). S.

uvarum ATCC 9080 and S. cerevisiae NDRI strain was

received from the National Collection of Dairy Culture

(NCDC), NDRI, Karnal, Haryana (India). The freeze-dried

culture was revived in peptone water, followed by streak-

ing on PDA plates, and incubated at 25 ± 0.2 �C for 48 h.

After 48 h, pure colonies were re-cultured in the sterilized

growth medium (Patel et al. 2020).

Inoculum preparation

For inoculum preparation, one inoculation loop (6 log CFU

ml-1) of S. cerevisiae MTCC 178, S. uvarum ATCC 9080,

and S. cerevisiae NDRI strain colonies were transferred in

beetroot juice (100 ml) (Supplementary Fig. 1). The total

soluble solids (TSS) were maintained at 18 and 20�Brix.

The inoculated beetroot juice was then incubated at

25 ± 0.2 �C for 14 days. The appearance of bubbles and

over-ripened beet odor in pulp showed completion of

inoculum preparation (Buxaderas and López 2012).

Preparation of must for fermentation

and fermentation process

The beetroot samples (1 kg) were sorted, washed, peeled,

and cut into pieces (Supplementary Fig. 2). The pieces of

beets were blanched using hot water for 2–3 min at 100 �C.

The blanched beets were placed on cold water and allowed

to cool for 5–10 min followed by pulp preparation in a

pulper (Phillips, Netherlands). The extracted pulp was then

homogenized in a laboratory blender (Bajaj, India). The

pulp juice is collected through a muslin cloth by squeezing

the pulp. The extracted beetroot juice was centrifuged

(5430R, Eppendorf, Hamburg) at 10,000 rpm for 15 min to

produce clear juice and stored at - 20 �C for further pro-

cess and analysis. The juice was transferred into a 250 mL

clean conical flask and mixed with distilled water. To

maintain the initial TSS at 18 and 20�Brix, 0.105 and

J Food Sci Technol (November 2021) 58(11):4442–4449 4443

123



0.116 kg of sugar added respectively in the must prepare

from beetroot juice with vigorous stirring. Then, 0.05% (w/

v) of potassium metabisulphite was added to each must

sample before inoculation of yeast culture (Vigentini et al.

2016).

The batch fermentation was carried out in sterile conical

flasks (500 ml) and each flask contained 100 ml of beetroot

juice. Strain’s inoculum (2.5 ml, 6 log CFU ml-1) was

added to the must samples and incubated at 25 �C for

14 days. After 14 days, the fermented juice was filtered

through a 3-layered muslin cloth and clarified by bentonite

(clarifying agent) in the concentration of 0.05%. Filtration

was performed with muslin cloth and sieve after 14 days of

clarification. All the wine samples were siphoned into the

sieve containing four layers of muslin cloth. The residues

were removed and the filtrates were collected for further

physiochemical analysis.

Physicochemical analysis of juice/wine

Total soluble solids of juice or wine were estimated

according to AOAC (2019) (AOAC 932.14). The color of

beetroot wine was measured according to Das et al. (2020)

using Colour flex (Hunter Associates Laboratory Inc.,

Reston, VA, USA). Betalain content of juice or wine was

analyzed as per Stintzing, Schieber and Carle (2003) where

the samples were homogenized in methanol (1:5 v/v) and

stirred for 1 min at 500 rpm. The homogenate was filtered

through a Whatman filter (0.45 lm). Betalain content in

the sample was studied using UV–Vis spectrophotometer

(Shimadzu UV Visible 1650 PC Shimadzu, Japan) and the

quantification of betalains was carried out in triplicate

applying the molar extinction coefficients of betacyanin

(€ = 60,000 L mol-1 cm in H2O; k = 532 nm;

MW = 550 g mol-1 and betaxanthin

(€ = 48,000 L mol-1 cm in H2O; k = 482 nm;

MW = 308 g mol-1). The betalain content (sum of beta-

cyanin and betaxanthin) expressed as mg/L and was cal-

culated as per the following equation:

Betailain content BCð Þ mg L�1
� �

¼ A � DF � MW � 1000

e� L
ð1Þ

where, BC: Betalain content (mg l-1), A: Absorption (nm),

DF: Dilution factor, L: Path length, MW: Molecular

weights, €: Extinction coefficient.

Sample preparation for ethanol estimation using

GC–MS

For gas chromatographic analysis, 2 lL of samples was

injected with the help of a micro-syringe (Hamilton, Ger-

many). Nucon gas chromatograph instrument was used

with 5% Carbowax 20 m glass column on Carbopack-B

80/120 mesh. Nitrogen is used as a carrier gas with a flow

rate of 20 ml min-1. The eluted compounds were detected

by the FID detector. The fuel gas was hydrogen with a flow

rate of 40 ml min-1, and the oxidant was air, with a flow

rate of 40 ml min-1. The analytes were then identified

based on their retention time. The fermented samples were

centrifuged at 5000 g for 10 min. The supernatant was

used for ethanol analysis (Šrámková et al. 2014).

Sensory evaluation

Sensorial assessment of the acceptability of wine was

conducted using in-house panelists to conduct an in-house

customer acceptance test, as per Meilgaard et al. (2016).

Twenty semi-trained panelists chosen based on availability,

objectiveness, and wine tasting experience conducted a

sensory assessment.

Statistical analysis

The data were analyzed statistically using package IBM

SPSS Statistics Version 20.0, Armonk, NY: IBM Corpo-

ration. All the data were presented as the mean with the

standard deviation.

Results and discussion

Physico-chemical properties of the juice

The beetroot juice used in the present investigation had the

TSS of 8�Brix, moisture content of 86.50%, and 0.14% of

titratable acidity (% tartaric acid). Besides, reducing sugars

were found to be 4.10% whereas 7.73% of total sugars

were observed. The content of betalain was 14.50 mg

100 g-1 (Supplementary Table 1).

Physico-chemical and phytochemical properties

of wine

pH, TSS, and titratable acidity

The wine obtained after the fermentation of beet juice is

presented in Fig. 1a. The physicochemical properties of the

wine are presented in Tables 1 and 2. At first, the pH was

adjusted to 4, and after 14 days of fermentation, a drop in

pH was observed as the fermentation progressed between

3.56 and 3.70. This showed that during fermentation days,

the acidity of wine increased. The pH level was similar to

the results of Haliu and Mekonnen (2017) who reported a

pH of 2.89–3.53 for beetroot wine. Soibam et al. (2017)

revealed that a pH of 3.45–3.8 affects the aroma, flavor,
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Fig. 1 a Different trials of

Beetroot wine prepared from

different Saccharomyces strains

b Ethanol and Betalain

concentration c Phytochemical

attributes d L* value e a* value

f b* value g Sensory profile of

the wine
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and mouthfeel of the wine. With different strains and

inoculum sizes, the pH of wine was significantly affected.

The maximum pH values were observed in T5

(3.70 ± 0.85) and the least pH value was seen in T12

(3.56 ± 0.61). The pH level of wine has an important

effect on wine taste; as wine tastes are typically graded on

the basis of their pH; low pH wines will taste smooth and

crisp, and higher pH wines will be slightly flabby and more

prone to develop microbial growth.

The TSS level was initially adjusted to 18 and 20�Brix

but it varied significantly with different strains and their

inoculum sizes within 14 days of fermentation. The max-

imum TSS was observed in T11 (4.86 ± 0.66) and T3

(4.82 ± 0.68) respectively while T1 (3.82 ± 0.60) and T9

(3.84 ± 0.52) showed the minimum TSS value.

The maximum and minimum titratable acidity was

observed in T5 (0.35%) and T2 (0.15%) respectively

(Table 2). Higher acidic conditions facilitate keeping the

quality of the product as it limits the growth of harmful

bacteria which ultimately helps in improved preservative

properties. The production of succinic acid, produced as a

significant non-volatile acid, has shown an increased

acidity in wine during the fermentation process (Robinson

2006).

Sugar

To assess wine quality, the level of sugar fermentation is an

important characteristic, as its content acts as an indicator

of alcohol content. There is no substantial difference in the

reduction in total sugar content between the different

samples but the maximum reduction was found in T1

(Table 2). The higher the reduction of the total sugar

content, the more the production of ethanol. The must is

fermented under the conditions of anaerobicity and thus

has used more possible alcohol than the available sugar. In

the absence of oxygen, the wine sugar is converted by

fermentation into alcohol and carbon dioxide. Similarly, S.

cerevisiae, isolated from fermented grape pomace, is found

for sugar fermentation (Asli 2010).

Ethanol concentration

Beetroot wine may be considered a natural wine because its

alcohol content ranged from 9 to 14% (Swami et al. 2014)

and with the majority of the natural wines ranging from

Table 1 Effect of different

Saccharomyces strains and their

inoculum sizes on TSS and pH

of the wine

Samples TSS pH

0 Day 7 Day 14 Day 0 Day 7 Day 14 Day

T1 18 5.70 ± 0.86d 3.82 ± 0.60c 4 3.93 ± 0.32a 3.64 ± 0.58a

T2 18 6.05 ± 0.96d 4.80 ± 0.99a 4 3.97 ± 0.16a 3.64 ± 0.63a

T3 20 7.25 ± 0.55b 4.82 ± 0.68a 4 3.92 ± 0.32a 3.60 ± 0.89b

T4 20 6.72 ± 0.23c 4.55 ± 0.82a 4 3.99 ± 0.55a 3.64 ± 0.61a

T5 18 6.55 ± 0.19c 4.24 ± 0.72b 4 3.96 ± 0.65a 3.70 ± 0.85a

T6 18 6.00 ± 0.63d 4.60 ± 0.92a 4 3.97 ± 0.96a 3.61 ± 0.49b

T7 20 7.25 ± 0.89b 4.72 ± 0.52a 4 3.91 ± 0.48a 3.59 ± 0.68b

T8 20 6.12 ± 0.66c 4.10 ± 0.64b 4 3.96 ± 0.62a 3.61 ± 0.99b

T9 18 5.55 ± 0.78d 3.84 ± 0.52c 4 3.96 ± 0.32a 3.62 ± 0.94b

T10 18 5.72 ± 0.66d 4.08 ± 0.33b 4 4.03 ± 0.75a 3.66 ± 0.37a

T11 20 8.10 ± 0.96a 4.86 ± 0.66a 4 3.91 ± 0.68a 3.58 ± 0.78b

T12 20 7.92 ± 0.68b 4.42 ± 0.48b 4 3.89 ± 0.28ab 3.56 ± 0.61b

Values are means ± standard deviation of three determinations (n = 8). Values followed by a different

superscript letter in a row are significantly different (p B 0.05)

Table 2 Titratable acidity and reducing sugars of beetroot wine

Samples Titratable acidity (% acidity) Reducing sugars (lg ml-1)

T1 0.16 ± 0.04f 24.91 ± 1.27e

T2 0.15 ± 0.06 g 26.91 ± 0.59d

T3 0.19 ± 0.12e 26.67 ± 1.83d

T4 0.22 ± 0.13c 28.75 ± 0.96c

T5 0.35 ± 0.16a 26.75 ± 1.10d

T6 0.16 ± 0.048f 26.08 ± 0.76d

T7 0.25 ± 0.036b 31.00 ± 0.95a

T8 0.23 ± 0.014c 26.25 ± 0.88d

T9 0.22 ± 0.03c 25.91 ± 0.69d

T 10 0.20 ± 0.05d 25.67 ± 0.79d

T 11 0.26 ± 0.01b 30.50 ± 2.63ab

T 12 0.19 ± 0.015e 30.16 ± 2.19ab

Values are means ± standard deviation of three determinations

(n = 8). Values followed by a different superscript letter in a row are

significantly different (p B 0.05)
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12.5 to 14.5%. In comparison to other fermented fruits

beverage, considering the duration of fermentation

(14 days), beetroot juice produced a wine with a higher

content of alcohol than a banana (10%) and sugarcane-

beetroot wine (8.2–11.7%) (Soibam et al. 2017). The

maximum alcohol content was found to be 10.6% in T5

whereas 7.5% was observed as the minimum alcohol

content in T3.

Betalain content of beetroot wine

The maximum content of betalain was observed in T5

(10.85 mg 100 ml-1) and the minimum amount was

observed in T11 (7.65 mg 100 ml-1). The present study

also shows the correlation between the amount of betalain

content and alcohol content. Higher the betalain content

more is the ethanol produced in the sample which can be

seen in Fig. 1b. However, there is no previous such report

for this finding but the present investigation suggests that

sample T5 (S. cerevisiae NDRI strain having TSS 18� and

5% (v/v) inoculum size) has the highest betalain and

alcohol content with respect to other samples. Results

obtained are in accordance with the findings of Sawicki and

Wiczkowski (2018).

DPPH free radical scavenging activity

The present study also revealed the effect of different

Saccharomyces strains with varying inoculum sizes on the

antioxidant potential of the prepared beetroot wine. The

higher the value of the activity, the more the antioxidant

property it possessed. The maximum activity was found to

be 30% in T5 while T6 presented the minimum activity of

2.20% (Fig. 1c).

Total phenol content (TPC)

The phenolic content of wine consists of a wide group of

chemical compounds, including phenolic acids, flavanols,

dihydroflavanols, anthocyanins, monomers of flavanol

(catechins) and polymers of flavanol (proanthocyanidins),

quercetin, all of which contribute to color, mouthfeel, and

taste (Kennedy et al. 2002). The maximum value of TPC

was found in T5 (104.20 lg ml-1) whereas the minimum

value of TPC was found in T12 (47.80 lg ml-1) (Fig. 1c).

In comparison to the other sources that affected the

development of polymeric pigments and hence the higher

phenolic content of beetroot, the higher phenolic content of

the root may be attributable to its higher content of

anthocyanin expressed in the beet in its deep red color.

Effects of inoculum sizes and strain on color parameters

of wine

Beetroot consists of a group of intensely bioactive pig-

ments called betalains, the components of betacyanin

which gives the beetroot its deep dark red color and have

an exceptionally high free radical scavenging activity,

Kapadia and Rao (2013). During the fermentation phase,

L* value varies from black to white. Thus, the fermentation

process has led to the increased lightness of the wine.

Garcia-Estevez et al. (2017) reported a similar pattern of

increased lightness over time for red wine, which may be

attributed to a reduction in the overall level of pigment.

The influence of various yeast strains of different sizes on

the colors of beetroot wines can be easily observed from

Fig. 1d–f. The a* value indicating the red-green (positive

and negative values respectively) axis and the b* coordi-

nate of the prepared beetroot wine also gave positive val-

ues, which showed that they tend towards yellow. The L*

value ranges from 12.57 to 13.73, a* value from 1.86 to

3.37, and b* value varies from 5.30 to 5.99 for different

trials. The tristimulus color values suggested that during

fermentation the characteristics of dark red color shift

slightly towards lighter shade, however, a* value found to

increase in double fold whereas a slight shift was observed

in b* values during fermentation of the juice.

Sensory properties of beetroot wine

The sensory evaluation results of the beetroot wines are

presented in Fig. 1g. The maximum overall acceptability

was found to be T5 (8.67) whereas the minimum score was

reported in T11 (7.39). There was perceptible sweetness

but not as much as of sweet wine. The good aroma

obtained in the wines could be attributed to the high

alcohol content in accordance with the report of Clement-

Jimenez et al. (2005).

Microbial load

In all the trails, the initial microbial load was in the range

of 5–6 log CFU ml-1 and observed to increase with the

fermentation period and reached 8–9 log CFU ml-1 after

14 days of storage. The trend of microbial growth curve

that was noticed during fermentation highlighted that

alcoholic fermentation was taking place as the sugar was

consumed and alcohol was produced throughout the pro-

cess. The result of microbial load can easily be correlated

with the physicochemical properties of wine where after

14 days of fermentation, sugar, TSS, and alcohol levels

elevated to a certain level than the control.
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Cost economics From 1 kg of beetroots, approximately

400 ml of juice is produced, and takes 1500 ml of juice for

making 1 L of wine. Hence 1 L of wine would cost

approximately Rs 55.00 which is comparatively much less

than other reported wines such as Mango wine (Patel et al.

2020). To evaluate the actual cost of beetroot wine pro-

duction, however, scale-up studies are required.

Conclusion

The present study conducted to determine the efficiency of

three strains of Saccharomyces as a starter culture for

beetroot wine production and revealed that beetroot wine

prepared with the Saccharomyces cerevisiae NDRI strain

with 5% (v/v) inoculum size showed better potential in

winemaking owing to its functional attributes and higher

alcohol production efficiency. The study showed that fer-

menting beetroot Must for 14 days produced wine that

exhibits appreciable physicochemical and bioactive prop-

erties and better acceptance by consumers. There is a

limited study focusing on the effect of inoculum size on

wine quality, but the results of the present study highlight

the importance of defining this process parameter for key

the development of certain bioactive and chemical com-

pounds for discrimination and selection of wine yeasts.
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