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INTRODUCTION
Grape (Vitis vinifera L.) is an important fruit 

crop of the world, belonging to the family Vitaceae. 
Armenia is well documented as the centre of origin for 
Vitis vinifera sub sp. vinifera (Margaryan et al., 13). 
India is fast emerging as one of the top grape-growing 
countries in the world. According to an estimate for 
2021-22, grapevines occupy an area of 0.162 million 
ha with an annual production of 3.49 million tons 
(Anonymous, 2). Winemaking is concentrated mainly 
in EU countries. Italy is the leading wine producer, 
with a volume of 49.1 million hectolitres, followed 
by France and Spain (OIV report, 14). In India, the 
wine industry is only 35 years old; wine production 
in 2019 was about 30 million litres. Grape growing 
and winemaking under tropical conditions is a costly 
affair. Considering the worldwide demand for wines, 
the Indian wine industry adopted the grape varieties 
viz., Cabernet Sauvignon, Merlot, Shiraz, Sauvignon 
Blanc, Chenin Blanc, etc. (Adsule et al., 1), and wines 
are being appreciated and exported. Sauvignon Blanc 
is a ruling white variety and expresses floral to fruity 
aromas depending on the terroir. Microclimates of 
grape-growing regions of Maharashtra, specifically 
Nashik, are suited well to grow this variety with 
acceptable wine quality. A table variety Manjari 
Naveen has flavoured and seedless berries sensed 
when a TSS of 18° Brix is attained. The blending of 
juices is practiced to prepare balanced wine with 
improved quality in terms of colour, aroma, stability, 
consumer acceptability, etc. Considering the growing 
demand for wine, adaptability of Sauvignon Blanc, 

and availability of aromatic berries of Manjari Naveen, 
the present study was conducted to assess the wine 
quality after blending the juices of both varieties.

MATERIALS AND METHODS
The present investigation was conducted at the 

ICAR- National Research Centre for Grapes, Manjari 
Farm, Pune, during the fruiting year of 2021. The 
experimental site experiences tropical wet and dry 
climatic conditions, with an average temperature of 25 
to 35 °C during the peak period of the growing season. 
The vines were planted on a North-South orientation 
at a 2.66 m × 1.33 m distance and trained to mini Y 
trellis with placed cordons horizontally. Sauvignon 
Blanc vines were grafted on 110 R rootstock, while 
Manjari Naveen was grown on Dogridge. Fruit pruning 
was performed in October 2020. The bunches with 
fully ripened undamaged berries attaining the desired 
TSS and pH were harvested early in the morning. 
After juice extraction from sound berries, potassium 
metabisulphite @125 ppm was added to kill the 
natural microflora, and the juice was stored at 4 °C 
overnight. The juice was separated from lees and 
inoculated with a yeast culture of Saccharomyces 
cerevisiae Rhone 2226 @ 20 g of yeast per 100 L 
of juice. The fermentation process was performed at 
the temperature of 16 ± 2 °C. Combinations of juices 
were blended accordingly, as mentioned in Table 1, 
before adding potassium metabisulphite.

The CO2 generated during fermentation was 
removed by unplugging flasks for a fraction of a 
second. After the completion of the fermentation 
process (reducing sugar <2 g/l) on 12 days, the SO2 
level of 100 ppm was maintained by adding 200 
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mg per L of potassium metabisulphite to kill yeast 
cells and to ensure microbial stability. Prepared 
wines were stored at 10°C and racked twice for 
one month. Wines from treatments were analysed 
by using the OenoFossTM (FTIR-based wine 
analyser) for parameters like contents ethanol (%), 
glucose/fructose (g/l), malic acid (g/l), total acid 
(g/l), pH and volatile acid (g/l). The total SO2 (ppm) 
in prepared wine was estimated by adopting the 
method suggested by Zoecklein et al., 1994. Three 
biological replications from each wine were analysed 
separately. For the organoleptic study, a semi-trained 
group of 6 individuals was involved. The five-point 
hedonic scale was adopted to generate the data. 

For extraction and analysis of volatile aroma 
compounds, the sample was prepared according 
to the methodology suggested by Carlin et al. (4), 
and extraction was carried out through Headspace 
Solid Phase Micro Extraction (HS-SPME). In a 20 
mL headspace vial, 2 mL of the sample was added 
and incubated at 35 ºC for 5 min. Aroma compounds 
were extracted using SPME fibre -DVB/CAR/PDMS 
(Supelco, Sigma Aldrich, Milan, Italy), and desorbed 
for 5 min at 250 °C in split-less mode. A LECO 
Pegasus® 4D GC×GC-TOFMS was used to identify 
aroma-active compounds. The primary oven in the 
GC was fitted with a capillary column of DB-WAX 
(30 m × 0.20 mm × 0.20 mm) coupled with a smaller 
DB-5MS capillary column (1.8 m X 0.25 mm ID X0.25 
mm). The injector was held at 250 °C in the split-less 
mode with a purge-off time of 30 sec, and a 22.5 
mL/min split vent flow at 1 min. The temperature 
program was 40 °C for 5 min, ramped at 6 °C/min to 
230 °C, and held at 230 °C for 3 min. The secondary 
oven program was offset by +5 °C from the primary 
oven program, and the modulator was offset by 
+25 °C from the secondary oven and -80 °C chiller 
temperature. Headspace volatile components were 
identified as different peaks of the chromatogram, 
and confirmed based on the retention time, retention 
index (RI), and spectral matching value of >700 with 

the NIST (2005) library. Internal standards n-Hexane, 
tetradecane, pentadecane and heptadecane were 
used to calculate the retention index. 

Data on wine parameters were statistically 
analyzed by following Completely Randomized Design. 
A multivariate Principal component analysis (PCA) and 
clustering, i.e. - heatmap on chemical properties, 
volatile compounds, and sensory descriptors of wine 
samples, was performed by MetaboAnalyst 5.0 based 
on the Java Server Faces Technology using the Prime 
Faces library (version 11.0)

RESULTS AND DISCUSSION
Data recorded on the physico-chemical 

parameters of wines prepared are presented in Table 
2. Reducing sugar content in wines ranged from 1.85 
to 5.00 g/l, registering its highest value in T2 (5.00 
g/l). The prepared wines were of a very dried type. 
The content of alcohol was highest in T4 (12.75%), 
while it was lowest in T2 (11.48%), where the juice 
of Manjari Naveen was fermented. The malic acid 
in wines ranged from 2.40 to 2.93 g/l, highest in T1 
and lowest in T2. The total acidity ranged from 3.80 
to 4.23 g/l. The same pattern was followed in volatile 
acidity (VA) also however, the wines failed to show 
any significant difference in respect of VA. Sauvignon 
Blanc wine had total acidity of 6.0-6.6 g/l and volatile 
acidity of 0.65-0.70 g/l, whereas residual sugar content 
ranged from 2.8 to 6.2 g/l (Korenika et al., 10). Malic 
acid was highest in T1, as also observed by Deed et 
al.(5). Alcohol and volatile acidity in different blended 
varieties of wines ranged from 10.40 to 10.34% and 
0.010 to 0.014 %, respectively (Joshi et al., 9). 

Detected volatile compounds were divided into 
four chemical groups (Table 3); maximum detection 
was from the esters group (09), followed by alcohols/

Table 1. Treatment details on blending of juices.

Treatments Sauvignon Blanc 
(SB)

Manjari Naveen 
(MN)

T1 100% 0
T2 0 100% 
T3 90% 10% 
T4 80% 20% 
T5 70% 30% 
T6 60% 40% 
T7 50% 50% 

Table 2. Physico-chemical properties of wines.

Treatments Sugar 
(g/L)

Ethanol 
(%)

Malic 
acid 
(g/L)

Total 
acid 
(g/L)

Volatile 
acidity 
(g/L)

T1 2.30 11.50 2.93 4.23 0.31
T2 5.00 11.48 2.40 3.80 0.23
T3 2.28 12.50 2.85 4.10 0.29
T4 1.93 12.75 2.83 3.90 0.28
T5 2.10 12.50 2.80 3.98 0.29
T6 1.85 12.65 2.75 3.85 0.27
T7 1.85 12.20 2.78 3.85 0.28
S.E. (m)± 0.05 0.18 0.03 0.02 0.03
CD @ 5% 0.13 0.54 0.09 0.06 NS

T1=100% SB, T2=100%MN, T3=90:10 (SB:MN), T4=80:20 (SB:MN), 
T5=70:30(SB:MN), T6=60:40 (SB:MN), T7=50:50 (SB:MN)
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phenol (5) and acids (4). Four acids, viz., acetic acid, 
butanoic acid, hexanoic acid, and propanoic acids, 
were found in all seven wines. Acetic acid showed 
dominancy, followed by hexanoic acid, which is related 
to vinegar odour (Fang and Qian, 6). The present 
findings agreed with the results of Weldegergis et 
al. (17). 2-Methyl-propanoic acid, hexanoic acid and 
acetic acid are found in wines (Louw et al., 12; Yan-
Nan et al., 18); these compounds were also observed 
in wines prepared in the present study.

All five volatile compounds (alcohols/phenols) 
were estimated in all wines except 1-Octanol, which 
was detected in Sauvignon Blanc wine. The alcohols 
viz., 3-methyl-1-butanol, phenyl ethyl alcohol and 
1-propanol were recorded with higher concentrations. 
The alcohol 1-octanol had waxy aromas, while 
3-methyl-1-butanol had a fruity aroma. The presence 
of 1-octanol in wines was recorded by Losada et al. 
(11). Presence of phenyl ethyl alcohol and 1-octanol 
in wines was noted by Korenika et al. (10). A higher 
concentration of aroma compounds 3-methyl-1-
butanol is also recorded indicating its influence 
in the aromatic complexity of the wine. A higher 
concentration of this compound represents a harsh 
aroma and taste, but it is degraded during wine 
ageing (Bejaei et al., 4). Principal esters include ethyl 
hexanoate, ethyl octanoate, ethyl decanoate, ethyl-
9-decanoate, isoamyl acetate, hexyl acetate, and 
2-phenylethyl acetate characterized by fruity and floral 
notes of wines (Gambetta et al., 8). The contents of 
hexanoic, octanoic, and decanoic acid esters in wine 
depend on the yeast strain, fermentation conditions, 
and grape must composition (Robinson et al., 15).

A total of nine esters were observed in the wines 
of the present study (Table 3). Isoamyl acetate was 
reported to be an impact odorant characteristic of 
the Pinotage varietal (Van Wyk et al., 16) and was 
detected at relatively high levels in all prepared wines. 
Acetic acid, 2-phenylethyl ester (odour type-floral), 
butanoic acid ethyl ester, ethyl-9-decanoate and 
heptanoic acid ethyl ester contribute to fruity aromas. 
Volatile compounds like decanoic acid ethyl ester, 
dodecanoic acid ethyl ester, and Octanoic acid ethyl 
ester are known for their waxy odour. Hexanoic acid 
ethyl ester and ethyl acetate express a pineapple-
like fruity aroma. The presence of volatile ester 
compounds in wines like acetic acid methyl ester, 
butanoic acid ethyl ester, acetic acid heptyl ester, 
dodecanoic acid ethyl ester, etc., have also been 
recorded by Weldegergis et al. (17). Ethyl esters are 
the main compounds in wines, related to the tree 
fruit aroma note (Ferreira et al., 7). The available 
compounds are related to fruity aromas to floral and 
waxy types. Due to the juices blending, the primary 
aroma was disintegrated during fermentation. It is 

not necessary that a compound found in the original 
wine has to be found in the blend, as their pathways 
become different when the juice gets blended and 
fermented further. Volatile compounds of wine can, 
of course, be detected at a much lower intensity than 
taste compounds, and are responsible for the aroma, 
detected both ortho and retro nasally. 

A principal component analysis (PCA) 2D was 
performed on the detected chemical compounds in 
wines (Fig.1). Processed data contains 21 (samples) 

Fig. 1. PCA analysis of wine samples (2D scores plot).
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i.e. seven treatments triplicated by 18 (compounds) 
data matrix. The first two principal components, PC1 
and PC2, accounted for 95.7 per cent of the total 
variance. PCA analysis highlighted that most data 
could be explained by the first and second principal 
components, with a 90.3 and 5.4 per cent variance, 
respectively. Samples are distributed in six quadrants 
of the PCA graph. The PC1 explained 90.3 per cent 
of variability and showed treatment T2 away from T3, 
but both dispersed in the positive side of PC1, while 
the rest of the treatments, namely T1 and T7 (where 
equal part of both juices), showed clear opposition.

The Second factor of PCA was driven by attribute 
treatments closely placed in the positive quadrant of 
PC2, while only two treatments, T1 and T3, dispersed 
in the negative side of PC2, indicating that the 
treatment with a higher concentration of Sauvignon 
Blanc juice was noted in negative quadrant of PC2. 

The heat map built (Fig. 2) with the content of 
wine volatiles provided a comprehensive and easy-
to-understand overview of the effects of different 
treatments and wine compositions. Regarding the 
comparison of pure and blending treatments, there 
was a differentiation in the volatile composition 
of the samples. The red colour represents the 
high concentrations, while blue represents the low 
concentrations. Wine prepared from pure Sauvignon 
Blanc juice (T1) comprises of higher concentration of 
octanoic acid ethyl ester followed by butanoic acid 
ethyl ester, ethyl-9-decanoate and decanoic acid ethyl 
ester. In contrast, in lower quantities, ethyl acetate, 
3-methyl-1-butanol and 2-methyl-1-propanol were 
observed.

The treatment T2 comprised of  h igher 
concentration of volatile compounds 1-propanol and 
1- octanol. The moderate concentration of ethyl-9- 
decanoate and hexanoic acid ethyl ester was also 
noted. Wine samples of treatment T3 showed higher 
levels of acetic acid followed by dodecanoic acid 
ethyl ester; hexanoic acid ethyl ester, decanoic acid 
ethyl ester and phenyl ethyl alcohol were observed in 
lower concentrations. Only three volatile compounds, 
viz., heptanoic acid ethyl ester, phenyl ethyl alcohol 
and 1-propanol were observed in treatment T4. In 
T5, four compounds, viz., dodecanoic acid ethyl 
ester, acetic acid-2-phenylethyl ester, 3-methyl-
1-butanol and heptanoic acid ethyl ester, were 
present moderately. The treatment T6 showed the 
highest concentration of 2-methyl propanoic acid, 
followed by phenyl ethyl alcohol and butanoic acid 
ethyl esters. Some volatiles, viz., ethyl acetate, 
butanoic acid and hexanoic acid, were found in lower 
concentrations. 

Of the various treatments, the wine under T7 
proved superior regarding clarity, aroma, acidity, 
body, alcohol, length and overall quality (Fig.3). 
The organoleptic score of wine prepared under 
T1 was lower, even compared to wine prepared in 
T2. Organoleptic scores of wines were increased 
with the increase in the concentration of Manjari 
Naveen juice. It showed that the presence of Manjari 
Naveen directly improved the sensory quality of the 
wine. Overall acceptability also showed a similar 
trend. The sense of aroma in the wines impacts 
consumer preference. However, the varietal aroma 
has its importance. Blended wines are being 
prepared to give a unique selling proposition (USP) 
and attract a consumer base. Wine quality was 
improved when the juices of Sauvignon Blanc and 
Manjari Naveen were blended before fermentation. 
A combination of 50% proved best, which was also 
evidenced by the score assigned through sensory  
evaluation. 

Fig. 2. Heatmap representation of 18 volatile compounds. Fig. 3. Organoleptic evaluation of prepared wines.
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