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Abstract Mahua (Madhuca longfolia) extract and black

grapes (Vitis vinifera) must samples 100:0 (grape:mahua),

95:5 (grape:mahua) and 90:10 (grape:mahua) were analyzed

for quality characteristics. Samples were kept for fermenta-

tion and monitored for quality analysis for 15 days. 90:10

(grape:mahua) sample was found to be best on the basis of

ranking test and subjected to clarification using bentonite and

gelatine. Sample treated with a combination of 0.02 g/100 g

bentonite and 0.04 g/100 g gelatin showed better results for

anthocyanin (52.2 mg/100 g) and tannin (0.038%w/v).

After ageing of 3 months TSS was found highest (2.78Bx) in

the non-clarified sample and lowest (2.18Bx) in sample

treated with 0.06 g/100 g bentonite and 0.03 g/100 g gela-

tine. pH was highest (3.29) in sample treated with 0.06 g/

100 g bentonite and 0.03 g/100 g gelatine and lowest (3.16)

in sample with 0.04 g/100 g bentonite and 0.03 g/100 g

gelatine. Anthocyanin content was highest (56.1 mg/100 g)

in control sample and lowest (29.22 mg/100 g) in sample

treated with 0.04 g/100 g bentonite and 0.02 g/100 g gela-

tin. Tannin content was found to be highest (0.079%w/v) in

control sample and lowest (0.03%w/v) in sample treated with

0.02 g/100 g bentonite and 0.04 g/100 g gelatine.
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Introduction

In India, out of total grape production, fresh table grapes

accounts for 80% followed by raisin (18%), wine and juice

(2%) [1]. Wine is the alcoholic beverage, made of fer-

mented grape juice. Various varieties of grapes and strains

of yeasts are used depending on the types of wine produced

[2]. Alcohol strongly contributes to palate fullness in wine.

Perceived density of a de-alcoholised wine generally

increased with increasing alcohol over a 14%v/v range,

while its perceived viscosity was highest at 10% ethanol

[3]. Later work using model wines showed a positive

monotonic effect of alcohol content on both perceived

viscosity and density over the same alcohol range [4].

Mahua (Madhuca longfolia), is the succulent, cream-

colored corollas are rich source of sugar and contain

appreciable amount of calcium, vitamins, some other

minerals, cellulose, traces of fat, proteins, and appreciable

amount of vitamin C and vitamin B-complex [5]. Mahua is

useful in arresting bleeding, smoothing effect of skin, taken

in diabetes mellitus with beneficial results. Production of

liquor from mahua is cheaper than sugar and easily avail-

able in bulk, it could prove to be a good substitute for the

fermentation industries [6].

Therefore the present study was undertaken to study the

effect of incorporation of mahua extract on the overall

quality of red wine, effect of addition of fining agents

(bentonite and gelatin) and to study the effect of ageing on

the quality parameters of red wine.

Materials and Methods

Black grapes (Vitis vinifera L.) and compressed yeast

(Saccharomyces cerevisiae var.) were purchased from local

market of Sangrur, India. Mahua flowers (dry) were pro-

cured from Madhya Pradesh, India. All chemicals used in

the study were either AR grade or extra pure.
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Pretreatment, Fermentation and Ageing

Washed grapes were destemmed, crushed, sulfiting

(7–150 ppm) was done, then pressed to separate the liquids

from the solids [7, 8]. Dried mahua flowers were boiled in

water (2:1, 100�C, 30 min). Three samples were prepared

containing 0, 5, 10%v/v mahua extract. Yeast (S. cerevisiae

var.) (5%w/v) was added and fermentation was carried out at

room temperature (25 ± 2�C) in amber coloured bottles

under anaerobic condition by cotton plugging the bottles.

Fermentation was followed by measuring the drop in degree

brix and was assumed to be completed after 15 days since the

degree brix ceased to drop further. At this stage, sorbic acid

was added to wine (200 ppm) to inhibit the fermentation

process and to inactivate the yeasts. Waste metabolites were

settled at the bottom of the bottle. Clear wine was separated by

the process of racking and siphoning for 3–4 times. Samples

were analyzed for TSS, pH, titratable acidity, specific gravity,

anthocyanin, tannin, ethanol, reducing sugars and overall

acceptability. The best selected sample on the basis of ranking

test was further subjected to clarification using bentonite and

gelatine which were added to give three realistic levels (0.02,

0.04, 0.06 g/100 g bentonite and 0.02, 0.03, 0.04 g/100 g

gelatine). The nine treatment combinations (3benton-

ite 9 3gelatin) and a control sample were analyzed for the

study. Samples were further subjected to ageing for 3 months

at ambient temperature (25 ± 2�C). Changes took place were

recorded over an interval of 1 month.

Physicochemical and Sensory Analysis

Wine was subjected to TSS, pH, titrable acidity (TA,

expressed as g/L of tartaric acid) and specific gravity tests

by standard methods [9]. Tannin content was determined

by colorimetric estimation, based on measurement of blue

color formed by reduction of phosphotungstomolybdic acid

by tannin like compounds in alkaline solution [9]. Reduc-

ing sugar was estimated by determining the volume of

unknown sugar solution required to completely reduce a

measured volume of Fehling’s solution [9]. Alcohol con-

tent was determined by distillation [10]. Anthocyanin

extraction was done with ethanolic HCl and measurement

of color was carried out at the wavelength of maximum

absorption at ambient temperature (25 ± 2�C) [9]. Rank-

ing test was applied for sensory analysis for their color,

taste, and overall acceptability. A panel of 20 semi-trained

panelists rated the samples on the basis of ranking test.

This test is used to determine how several samples differ on

the basis of a single characteristic. Panelists were presented

all samples simultaneously with code numbers and asked to

rank samples according to the intensity of specific char-

acteristic (color, flavor, taste etc.) [9]. The best sample was

selected from the three samples on the basis of this test.

Statistical Analysis

Tukey test was used which compares the means of every

treatment (3 determinations) to the means of every other

treatment. Means that have no superscript in common

(a, b, c etc.) are significantly different from each other

(P \ 0.05). Microsoft Excel (2007) was used for analysis.

Results and Discussion

The pH and TSS were initially adjusted to 3.3 and 22�Bx for

all three samples as the wines having must TSS 22–24�Bx

yielded wine with 8–10%v/v alcohol [11]. The higher

anthocyanin content in 100:0 (grape:mahua) sample

(79.2 mg/100 g) (Table 1) may be due to the high content of

grape skin in contact with juice which resulted in higher

extraction rate of anthocyanins from skin to the juice. Tu-

key’s test revealed that there was significant difference in

TSS, reducing sugars and anthocyanin content on addition of

mahua extract to samples 95:5 and 90:10 (grape:mahua) as

compared to 100:0 (grape:mahua) sample. No significant

difference in specific gravity was observed in all the three

samples. Variation in parameters may be due to varietal

difference, storage conditions, climatic conditions etc. [12].

Composition of Wine After Fermentation

Anthocyanin content of the must was 79.2, 62.5 and

59.8 mg/100 g for the samples 100:0, 95:5 and 90:10

(grape:mahua) which was reduced to 74.6, 58.9 and

57.5 mg/100 g respectively in finished wine (Table 2). The

TA of 100:0 (grape:mahua) sample decreased from 0.83 in

must to 0.78 g/L in wine, whereas, the TA of samples 95:5

and 90:10 (grape:mahua) increased from 0.77 and 0.71 to

0.81 and 0.74 g/L respectively. The increase in TA was

concomitant with decrease in pH from 3.6 and 3.78 in must

to 3.54 and 3.65 in samples 95:5 and 90:10 (grape:mahua)

respectively. It was observed that as the content of mahua

Table 1 Initial composition of grape-mahua must

100:0

(grape:mahua)

95:5

(grape:mahua)

90:10

(grape:mahua)

TSS (�Bx) 19.5a 21.4bd 23.5ce

pH 3.46a 3.6ac 3.78bc

TA (g/L tartaric

acid)

0.83a 0.77ac 0.71bc

SG (20�C) 1.089a 1.096ab 1.098ab

Anthocyanin

(mg/100 g)

79.2a 62.5bc 59.8bc

RS (%w/w) 6.49a 6.68bd 7.1ce

TSS total soluble solids, TA titratable acidity, SG specific gravity, RS
reducing sugars
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extract was increased in grape must, there was an increase in

the pH value. Following fermentation of tartaric-dominant

grape wines, an increase in pH of 0.1 units may be expected

in others a significant increase in TA and a correspond-

ing decrease in pH may be expected during fermentation

[13].The reducing sugar content decreased from 6.49, 6.68

and 7.1 in must to 0.67, 0.49 and 0.26%w/w in wine. Specific

gravity was found to be least (0.9948) in 90:10 (grape:ma-

hua) sample and highest (0.9963) in 100:0 (grape:mahua)

sample. The low specific gravity indicated that as the rate of

addition of mahua extract is increased, there is an increased

rate of reducing sugars available for conversion to alcohol

and increase in alcohol content was subjected to a decrease

in specific gravity of the wine. Ethanol was found to be least

in 100:0 (grape:mahua) sample (8.8% v/v) and highest in

90:10 (grape:mahua) sample (10.2% v/v) indicating that

ethanol content increased with an increase in the mahua

extract. Tannins were found to be least in 90:10

(grape:mahua) sample (0.064%w/v) and highest in 100:0

(grape:mahua) sample (0.078%w/v) since the grape skin

contains higher amount of tannins than mahua flowers. The

TSS was finally reduced to 4.5, 4.2 and 3.5�Bx in samples

100:0, 95:5 and 90:10 (grape:mahua) respectively. Rate of

decrease in TSS was highest during the first 2 days of fer-

mentation (Fig. 1). This may be due to the higher concen-

tration of substrate available for the activity of yeast during

the initial period of fermentation during which maximum

amount of sugars was reduced to alcohol and CO2 90:10

(grape:mahua) sample was found to have least TSS (3.5)

indicating that it was best fermented. Alobo and Offonry

[14] reported a gradual decrease in TSS with a corre-

sponding increase in alcohol content.

The significance of difference between sample 100:0,

95:5 and 90:10 (grape:mahua) was assessed using Tukey’s

test. Sample 90:10 (grape:mahua) showed significant

difference in pH as compared to 100:0 and 95:5

(grape:mahua) sample. The ethanol content of 90:10

(grape:mahua) sample was also significantly higher than

100:0 and 95:5 (grape:mahua) sample. Overall accept-

ability of the three wine samples was assessed using

Ranking test. 90:10 (grape:mahua) sample containing 10%

mahua extract was found to be best among all three sam-

ples followed by 100:0 and then 95:5 (grape:mahua)

sample. 90:10 (grape:mahua) sample was found to contain

TSS (3.5), pH (3.65), TA (0.74 g/L), SG (0.9948), antho-

cyanin (57.5 mg/100 g), tannin (0.064%w/v), ethanol

(10.2%v/v) and reducing sugars (0.26%w/w) respectively.

Hence, 90:10 (grape:mahua) sample was found to be best

and was selected for further studies.

Changes in Anthocyanin and Tannin After Clarification

It was found that sample no. 3 (0.02B?0.04G) showed

better results for anthocyanin (52.2 mg/100 g) and tannin

(0.038%w/v) (Table 3). The significance of differences

between anthocyanin and tannin content was assessed

using Tukey’s test. The anthocyanin content of sample 3

was found to be significantly higher than samples 4, 7, 8,

and 9 whereas tannin content of sample 3 was significantly

lower than samples 4, 7, 8 and 10 (Table 3). Use of ben-

tonite and gelatin at a concentration of 0.02/100 and

0.04 g/100 g was found to be best suitable for clarification

of wine. With increase in the concentration of bentonite,

there was a significant loss of anthocyanins (Table 3).

Clarification reduces the content of both extractive and

volatile substances including anthocyanins [12].

Tannins contribute to astringency in wine and need to be

reduced during clarification. Tannin content was found to

be maximum (0.061%w/v) in sample containing a combi-

nation of 0.06 g/100 g bentonite and 0.02 g/100 g gelatin,

whereas, it was found to be minimum (0.038%w/v) in sample

containing combination of 0.02 g/100 g bentonite and

0.04 g/100 g gelatin respectively (Table 3). This indicates

Table 2 Composition of wine after fermentation

100:0

(grape:mahua)

95:5

(grape:mahua)

90:10

(grape:mahua)

TSS 4.5a 4.2ac 3.5bc

pH 3.57a 3.54ab 3.65ab

TA (g/L

tartaric acid)

0.78a 0.81ab 0.74ab

SG (20�C) 0.9963a 0.9953ab 0.9948ab

Anthocyanin

(mg/100 g)

74.6a 58.9bc 57.5bc

Tannin (%

w/v tannic acid)

0.078a 0.069ac 0.064bc

Ethanol % (v/v) 8.8a 9.4ac 10.2bc

RS (%w/w) 0.67a 0.49bc 0.26bd

TSS total soluble solids, TA titratable acidity, SG specific gravity, RS
reducing sugars

Fig. 1 Changes in TSS during fermentation
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that gelatin had more effect on reducing the tannin content of

wine than bentonite. The reaction between tannins and pro-

teins increases astringency in wine [15]. The perception of

astringency in wine could be influenced by ethanol [16]

acidity [16, 17] viscosity [18] simple sugars [19] polysac-

charides [20, 21] and anthocyanins [20].

Effect of Ageing

Ageing was carried out for all the samples for 3 months.

There was a significant decrease in TSS of all the samples

except sample 10 (containing no bentonite or gelatin). It was

found that TSS was highest (2.7�Bx) in the non-clarified

sample and lowest (2.1�Bx) in sample treated with 0.06 g/

100 g bentonite and 0.03 g/100 g gelatin after 3 months

respectively (Table 4). Similarly, pH of all the samples

decreased significantly except sample 4 (0.04B?0.02G). The

minimum pH value (3.16) was found in sample 5

(0.04B?0.03G). Sims and Morris [22] reported that higher pH

resulted in a loss of color intensity and redness and increased

Table 3 Effect of various concentrations of bentonite and gelatin on

the anthocyanin and tannin content of wine

Sample After clarification

Anthocyanin (mg/100 g) Tannin (% w/v tannic acid)

1 55.3a 0.041a

2 54.4ac 0.039ac

3 52.2ace 0.038ace

4 47.6bcef 0.055bdfg

5 51.2acefi 0.046adegi

6 48.4acefil 0.04acehik

7 43.9bdefilo 0.061bdfgjlm

8 42.5bdfgjmoq 0.053bdfgikmo

9 43.4bdefkloqs 0.044acehiknpq

10 57.5acehjnprt 0.064bdfhjlmor

1 (0.02B?0.02G), 2 (0.02B?0.03G), 3 (0.02B?0.04G), 4 (0.04B?

0.02G), 5 (0.04B?0.03G), 6 (0.04B?0.04G), 7 (0.06B?0.02G), 8

(0.06B?0.03G), 9 (0.06B?0.04G), 10 (control sample with no ben-

tonite and gelatin treatment) where B bentonite and G gelatin (g/

100 g)

Table 4 Changes in TSS, pH, specific gravity, anthocyanin content, tannin content and titratable acidity of wine during ageing

Sample 1 2 3 4 5 6 7 8 9 10

TSS (Bx)

1 M 2.7a 2.7a 2.8a 2.8a 2.9a 2.8a 2.4a 2.5a 2.8a 2.9a

2 M 2.6ac 2.5ab 2.6ac 2.5ac 2.8ac 2.6ac 2.3ac 2.4ac 2.6ac 2.8ab

3 M 2.3bc 2.3bb 2.4bc 2.4bc 2.2bd 2.2bd 2.2bc 2.1bc 2.3bc 2.7ab

pH

1 M 3.37a 3.37a 3.38a 3.39a 3.4a 3.38a 3.39a 3.38a 3.39a 3.4a

2 M 3.31ac 3.3ac 3.34ac 3.32ab 3.28bc 3.36ac 3.34ac 3.33ac 3.35ac 3.34ac

3 M 3.25bc 3.22bc 3.28bc 3.27ab 3.16bd 3.22bd 3.24bc 3.22bd 3.29bc 3.27bd

SG (20�C)

1 M 0.999a 0.996a 0.997a 0.999a 0.997a 0.999a 0.996a 0.997a 0.999a 0.997a

2 M 0.994ab 0.994ab 0.994ab 0.996ab 0.995ab 0.997ab 0.994ab 0.994ab 0.997ab 0.995ab

3 M 0.993ab 0.993ab 0.992ab 0.991ab 0.993ab 0.993ab 0.993ab 0.992ab 0.993ab 0.994ab

Anthocyanin (mg/100 g)

1 M 40.56a 39.26a 36.84a 35.54a 36.81a 36.3a 35.28a 35.03a 30.19a 56.43a

2 M 38.56ac 37.96ab 36.5ac 33.43ac 35.7ac 33.9ac 32.34ac 31.64bc 30.03ab 56.17bc

3 M 37.57bc 37.32ab 35.82bc 29.22bd 33.48bc 29.3bd 30.96bc 30.56bc 29.72ab 56.1bc

Tannin (%w/v tannic acid)

1 M 0.039a 0.038a 0.036a 0.053a 0.043a 0.036a 0.056a 0.049a 0.04a 0.06a

2 M 0.038ab 0.035ac 0.031bc 0.046ac 0.039bc 0.034bc 0.05ac 0.044ac 0.035ac 0.072bc

3 M 0.037ab 0.033bc 0.03bc 0.04bc 0.035bd 0.033bc 0.045bc 0.039bc 0.031bc 0.079bd

TA (g/L tartaric acid)

1 M 1.4a 1.7a 1.8a 1.8a 1.7a 1.6a 1.7a 1.7a 1.6a 1.7a

2 M 1.5ac 1.8ac 1.9ac 2.0ac 1.9ac 1.9bc 1.9ac 1.8ac 2bc 1.8ab

3 M 2.1bd 1.9bc 2.1bc 2.2bc 2.0bc 2.2bd 2.1bc 2.0bc 2bc 1.9ab

1 (0.02B?0.02G), 2 (0.02B?0.03G), 3 (0.02B?0.04G), 4 (0.04B?0.02G), 5 (0.04B?0.03G), 6 (0.04B?0.04G), 7 (0.06B?0.02G), 8

(0.06B?0.03G), 9 (0.06B?0.04G), 10 (control sample with no bentonite and gelatin treatment) where B bentonite and G gelatin (g/100 g), TA
titratable acidity, SG specific gravity, TSS total soluble solids, M month
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browning during storage for 9 months. The anthocyanin

content in all samples of wine decreased on ageing which was

found to be significant for all the samples except sample 2

(0.02B?0.03G) and sample 9 (0.06B?0.04G) (Table 4). The

loss of anthocyanins was more in sample treated with a higher

concentration of bentonite. The concentration of total antho-

cyanins and total phenols in wines treated with bentonite and

gelatin declined with ageing [23].

Tannin content also showed a significant decrease in all the

samples except sample 1 (0.02B?0.02G) (Table 4). The

tannin was found to be least in sample containing 0.02 g/

100 g bentonite and 0.04 g/100 g gelatin respectively. Usu-

ally the tannin content of non-clarified wine increases with

storage resulting in the increased astringency of wine. But

treatment of wine with gelatin significantly reduces the tannin

content of wine [24]. Similarly control sample showed an

increase in the tannin content on storage, while all other nine

samples showed a decrease in tannin content with ageing. The

titratable acidity was found to be highest in sample containing

a combination of 0.04 g/100 g bentonite and 0.02 g/100 g

gelatin and 0.04 g/100 g bentonite and 0.04 g/100 g gelatin

respectively (Table 4). Chung et al. [25] found slight increase

in titratable acidity of wine upon ageing for 9 months.

Conclusions

Fortification of mahua extract in the proportion of 10%v/v to

red grape wine was the best and found to increase the overall

acceptability of wine. After fermentation 90:10 (grape:ma-

hua) sample showed significantly lower pH (3.54) and higher

ethanol (10.2%v/v) as compared to other samples. Use of

bentonite and gelatin at a concentration of 0.02/100 and

0.04 g/100 g was found to be best suitable combination for

the clarification of wine. With the increase in the concen-

tration of bentonite, there was a significant loss of anthocy-

anins. Gelatin had more effect on reducing the tannin content

of wine than bentonite. After ageing anthocyanin content

was lowest in sample treated with 0.04 g/100 g bentonite

and 0.02 g/100 g gelatin (29.22 mg/100 g). Tannin content

was found to be lowest (0.03%w/v) in sample treated with

0.02 g/100 g bentonite and 0.04 g/100 g gelatine.
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