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Abstract

Aim: Northwest China occupies an important position in China's wine regions due to its superior geographical
conditions with dry climate and sufficient sunlight. In this work, we aimed to investigate the physico-chemical
colour and flavour characteristics of red wine in Northwest China.

Methods and Results: A total of 196 commercial dry red wines from Ningxia autonomous region, Gansu province
and Xinjiang autonomous region in Northwest China were sampled. Spectro-analysis and chemical titration were
used to quantify physico-chemical indicators related to wine colour and flavour, including total anthocyanins, co-
pigments, monomeric anthocyanins, polymeric anthocyanins, ionisation index, CIE color space, total phenols,
flavonol, ethanol index, total tannin, gelatin index, HCl index, DPPH antioxidant activity, tartrate ester, titratable
acid, and pH value. Principal Component Analysis (PCA) of the data showed that wine samples in Ningxia, Gansu
and Xinjiang region had obvious clustering phenomena. Among them, total anthocyanin and polymeric
anthocyanins in Ningxia wines were higher compared to other wines. Ningxia wines also had the highest total
acids and lighter colour whereas Gansu wines had greater amounts of monomeric anthocyanins, co-pigments
and phenolic indexes. Gansu wines were darker in colour with the highest pH values. The parameters of Xinjiang
wines were ranged between Ningxia wines and Gansu wines. PCA also showed good discriminant results on wine
vintages. Wines older than 3 years had more polymeric anthocyanins and stable colour whilst younger wines had
more total anthocyanin and monomeric anthocyanin with brighter colour. In addition, younger wines had the
highest phenolics. Grape cultivars also contributed to the difference of colour and flavour associated indexes.
Among them, Cabernet Sauvignon wines displayed distinct characteristics compared to other wines. Values of
total anthocyanins, DPPH antioxidant activity, ionisation index, Cab and HCl acid indexes of Cabernet Sauvignon
wines were higher than those of other wines. Finally, a convolutional neural network model was used to
discriminate and analyses the categorical data of wines. These data were standardized and analysised using
TensorFlow. The corresponding fitness indexes were 99.14%, 90.52%, and 89.66% from Northwest China based
on region, cultivar, and vintage.

Conclusions: Colour and flavour associated indexes of wines from Northwest China are strongly impacted by wine
regions, cultivars, and vintages.

Significance and Impact of the Study: Wine regions in Northwest China are developing drastically in recent
decades, however relevant criteria of colour-flavour quality to help manipulate winemaking practices are
lacking in local wineries to ensure the quality of wine style. Our results highlighted the possibility of establishing
such wine quality criteria specially for Northwest China based on building a discrimination model on wine
physico-chemical related indicators.
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Materials and methods

‘Wine regions of Northwest China are developing drastically in recent decades. However,

relevant criteria to monitor winemaking technology is lacked in local wineries, and the evaluation of

wine quality characteristics is mostly carried out by professional reviewers through sensory
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evaluation, which is not objective. Furthermore, the current methods to discriminate and analyze the Northwest Ghina
quality characteristics of wine accurately are complex and expensive, which makes it difficult to ki
conduct in enterprises. . PHYSICO-CHEMICAL INDICATORS:
COLOUR: total anthocyanins, co-pigments, —
In this study, the UV spectrophotometer of low-cost and easy-to-operate was used to detect the monomeric anthocyanins, polymeric anthocyanins, =

ionisation index, CIE color space

FLAVOUR: total phenols, flavonol, ethanol index,

total tannin, gelatin index, hydrochloric acid index, —
DPPH antioxidant activity

AROMA-related: tartrate ester, titrable acid, and pH

physico-chemical indicators of wine. Region, cultivar and vintage of wine samples were classified

by physico-chemical indicators, and established a mathematical model to realize the traceability of

the wine origin in Northwest China. Our researches were expected to build a technical system of
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physi ization of wine style and quality characteristics in Northwest China, and

it provide theoretical and data support for the establishment of its standard system.

. .
[ Results and discussion
L s
y ) N 4 Physico-chemical indicators 25 pea 24.66%)
1. PCA analysis of physico-chemical indicators N ingxia aiiossnsons rezlon
A Conventima indicators T pcaasiaw) or indicators .y p— © Xinjiang autonomous region 2q ?
i st ol = bbbt ol & WCaneprovisce L .
® Gansu province © Gansn province 2o ° 1 —3.
L1 ) L] L]
«® v . * I fpohmerlcamhncmnln\
potymeric mtiggymaing o © . (X} 1 . " .
PR - m i ® co-pigments
. & i: . “"';‘““"l""” ethanol lnde( .o nun %h "“""'&[‘ Index
m.‘ o v" §ree PC1(39.760) 2 “( 1 inded <
- . ° A ng y
b -, < " : 3 4 ) gﬂatln lmln .. \ ‘e PCL(39.34%)
.’ o8 ot anthocyaning ;. tartrate ester
. *..'f Las O -3 'Z o‘ ['1“ AIO "H‘ e 'o ﬂnnnnl‘? 3
: 45
. PR A — o 0, e if{'o e total phenols
L] R
g 1% S (otalanthocyanins
. ~ III&IOI‘&I’E anthecy3nins .
Ll K
= = — 3 os | & 1=
4 Klavor indicators PC2(2576%) & Avoma indicators 3 pe2 @nazve) ° ° s °
® Ningxia autonomons region ingxta autonom ous v egion P oo
®Xinjmg mitenemons region *| ® Xinjlang autonomons reglon & -
© Gansu province LY * Gansu province 2 =
i 25

.- Figure 2. PCA of physico-chemical indices of
3 d wine samples obtained from different regions

According to Figure 1, PCA analysis of conventional, color, flavor and aroma physico-chemical indicators
. showed the clustering effect was poor, while by colour-flavour physico-chemical indicators could better

5 distinguish wine samples from different regions in Fingure 2.
s * The data shows that total anthocyanin and polymeric anthocyanins in Ningxia wines were significantly
higher compared to other wines. Ningxia wines also had the highest total acids and lighter colour whereas
Gansu wines had greater amounts of monomeric anthocyanins, co-pigments and phenolic indexes. Gansu
wines were also darker in colour with the highest pH values. The parameters of Xinjiang wines were ranged
between Ningxia wines and Gansu wines in Fingure 2.
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Figure 1. PCA of conventional, color, flavor and aroma inindices of
wine samples obtained from different regions

2. Analysis physico-chemical indexes vintages and varieties
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Figure 3. PCA of physico-chemical indices of Figure 4. PCA of physico-chemical indices of Convolutional neural network (CNN) model was used to
wine samples obtained from different vintages wine samples obtained from different cultivars discriminate and analyse the categorical data of wines. These data

PCA also shows good discriminant results on wine vintages and varieties.

Wines older than 3 years had more polymeric anthocyanins and stable colour whilst younger wines had more total anthocyanin were standardized and analysised using TensorFlow.

and monomeric anthocyanin with brighter colour. In addition, younger wines had the highest phenolics in Fingure 3. The accuracy of colour-flavour indicators was the hightest that
Values of total anthocyanins, DPPH antioxidant activity, ionisation index, Cab and HCl acid indexes of Cabernet Sauvignon wines 99.14%, 90.52% and 89.66% from Northwest China based on
were higher than those of other wines in Fingure 4. region, cultivar, and vintage.
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