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ARTICLE INFO ABSTRACT

Handling Editor: Dr. Maria Corradini Yunnan Province is the major coffee cultivation region in China, and coffee beans produced in Yunnan account
for approximately 99% of the total national coffee production. So far, the sensory properties of Yunnan coffee
have not been subjected to descriptive analysis. Here, we selected 25 representative coffee bean samples that are
produced in different cultivation areas of Yunnan and with different degrees of roasting. A total of 57 sensory
descriptors have been associated with the samples, and a sensory wheel that summarizes the sensory charac-
teristics was developed. In addition, to identify the major attributes associated with Yunnan coffee, principal
component analysis was performed, and we also explored how the bean origin and degree of roasting are related
to the overall sensory features of Yunnan coffee. Our results show that the growing area is an affecting factor on
the aspects of “spices”, “roasted”, “sweet” and “chemical/stale”, whereas “mouthfeel” and “roasted”, and “sour/
acid” levels can be influenced by the degree of roasting. The present sensory characterization may provide
valuable information for future improvements of Yunnan'’s coffee agriculture.
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1. Introduction

Coffee is one of the most popular beverages throughout the world,
and it has been estimated that more than 2 billion cups of coffee are
consumed every day (Li et al., 2021). With an increasing demand for
coffee production, the coffee plant is currently cultivated in more than
80 countries all over the world, and the coffee industry greatly shapes
the agricultural economies of major coffee producing countries (Adane
and Bewket, 2021; ICO, 2021; Magrach and Ghazoul, 2015; Vega et al.,
2003). While the western countries, mostly in America and Europe, still
represent the dominant coffee market (accounting for approximately
20% and 30% of world consumption, respectively), new markets are
rapidly emerging (Kolk, 2013). For example, in China, particularly in its
urban areas, coffee consumption has been constantly increasing by 20%
every year, and this trend has been predicted to continue due to an
increasing appreciation of coffee among the Chinese people (Wen et al.,
2018). Considering the great potential of the coffee-based economy, the
coffee industry in China is undergoing rapid development, with Yunnan
being the major cultivation area.

Yunnan is considered an ideal region for growing arabica coffee
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(Coffea arabica), the main coffee species cultivated worldwide (Rigal
et al., 2020). Yunnan’s climate is similar to that of other major
coffee-producing countries, such as Brazil and Ethiopia, with sufficient
sunshine and rainfall, and substantial diurnal temperature variation.
The average annual rainfall is 700-1800 mm, and the average temper-
ature is 15-25 °C (Zhao et al., 2019). Such a coffee friendly climate
renders Yunnan the top coffee producing area in China, accounting for
99% of the total national coffee production. In 2019, the total coffee
cultivation area in Yunnan was 118,000 hm?, and approximately 13.9
tons of green coffee beans were produced each year, representing 1.5%
of the total global coffee production (ranking 13“‘) (Zhao et al., 2019). In
Yunnan, large-scale coffee cultivation takes place in 44 counties (or
districts) of 12 cities (or autonomous prefectures), with Baoshan,
Dehong and Pu’er being the major cultivation areas (Zhang et al., 2020).
In these places, more than one million coffee farmers are producing a
total market value of ~260 million Chinese Yuan (~38.6 million US
dollars) each year, a number that is anticipated to continuously increase
in the future. The dominant coffee variety in Yunnan is “Catimor 7963”,
a hybrid between “Caturra” and “Timor”, representing 90% of the total
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cultivation. In addition, other varieties such as “Sarchimor”, “Typica”,
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“Bourbon” and “S288” can also be found but are cultivated to a much
lesser extent (Li et al., 2007). It is widely known that, for most coffee
varieties, they may display distinct characteristics due to different
cultivation conditions (Silva et al., 2005). Therefore, while these vari-
eties are also widely exploited in other countries for producing coffee
beans, the sensory properties of Yunnan coffee are still worth
investigation.

People drink coffee mainly due to its refreshing and stimulating
properties; meanwhile, increasing amounts of people drink coffee sim-
ply because they appreciate its sensory properties (Arya and Rao, 2007;
Samoggia et al., 2020). For coffee, its sensory properties are extremely
complex, and it is considered as a combination of aroma, taste, texture
and mouthfeel (Seninde and Chambers, 2020; Sunarharum et al., 2014).
These properties are predominately established during roasting via a
series of Maillard reactions, caramelization and other thermal reactions
involving aroma precursors that are present in green coffee beans (Lee
etal., 2015). A large number of previous studies have demonstrated that
the roast level largely influences the composition of flavor compounds in
the bean and therefore greatly impacts the final quality of the coffee
drink (Baggenstoss et al., 2008). Apart from the degree of roasting,
coffee sensory properties are also influenced by the brewing method,
and many environmental factors, such as geographical origins, climate,
altitude and temperature elevation, and shading, and nutrient avail-
ability or fertilizers also have effects on the coffee sensory profile (Sta-
nek et al., 2021; Sunarharum et al., 2014).

To characterize the sensory quality of a certain type of food,
descriptive sensory analysis is often employed (Lawless and Heymann,
2010; Murray et al., 2001). This analysis summarizes the sensory attri-
butes of food products, thereby facilitating systematic comparisons be-
tween food products with different origins (Lawless and Heymann,
2010; Lawless and Civille, 2013). In a typical descriptive sensory anal-
ysis, a lexicon, which contains a list of descriptors, is first developed to
break down the complexity of sensory perception into individual com-
ponents (i.e., sensory attributes). Subsequently, these attributes are
scaled, using defined products that are representative of the scale ex-
tremes, and scaled sensory lexicons are further visualized into a sensory
wheel, in which sensory attributes are categorized and arranged hier-
archically (Chambers et al., 2016; Spencer et al., 2016). To date, no
descriptive sensory analysis has been systematically performed for
Yunnan coffee, and communications among Yunnan coffee producers
and the coffee market are therefore compromised due to the lack of such
analysis.

In this study, our main objective was to explore the sensory attributes
of coffee drinks prepared from some bestsellers of Yunnan coffee bean
packages. Furthermore, we also aimed to understand how these sensory
attributes are correlated with the bean’s specific geographic region and
the degree of roasting. To our knowledge, this is the first descriptive
sensory analysis conducted for Yunnan coffee.

2. Materials and methods
2.1. Coffee bean samples

A total of 25 representative Yunnan coffees that are commercially
available were purchased. Most of the manufactures of these coffee
beans are listed as the local industrial leaders in an official report pub-
lished by the Yunnan government (http://www.yunnancoffee.org).
These beans were produced in Baoshan, Dehong, Lincang, and Pu’er
(Fig. 1). Table 1 lists the detailed product information. All samples were
individually stored in an opaque, air-tight container at room tempera-
ture during evaluation intervals, and they were randomly numbered
prior to coffee preparation to avoid bias.

2.2. Coffee preparation

For each bean sample, the coffee brew was prepared by using a
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Fig. 1. Geographical locations of the cultivation areas in which the evaluated
bean samples were produced (the map of Yunnan Province).

standard semi-automatic coffee machine (BES870, Breville Pty. Ltd.,
Sydney, Australia), and all parameters were set as recommended in the
user manual. Briefly, coffee beans were ground to coffee powder of
medium-fine particle size by the grinder equipped with the coffee ma-
chine, and approximately 30 mL expresso coffee was extracted from ~7
g powder with 9-10 bars of pressure. Subsequently, 100 ml of near-
boiling water (92-94 °C) produced from the machine’s auto-hot water
system was immediately added into the expresso coffee, and the mixture
was cooled to 55 °C for sensory evaluation.

2.3. Sensory evaluation

2.3.1. Panelists

To recruit qualified volunteers for this study, a large number of po-
tential candidates (around 100 regular coffee consumers) were screened
through multiple tests, such as questionnaire surveys, acuity tests,
grade/rating tests, and interviews, focusing on examining the candi-
date’s coffee-drinking experience and his or her ability to detect subtle
sensory differences (Lawless and Heymann, 2010). Eventually, ten vol-
unteers (five males and five females) who passed all the tests were
recruited as panelists for the assessment. During the pre-training session,
the panelists were informed of the background and objective of the
research, along with the detailed evaluation procedure. The pre-training
was conducted as described by Lawless and Heymann (2010).

2.3.2. Panel orientation

A set of 12 bean samples of different origins and degrees of roasting
were used in the orientation step (Table 1). The panelists were first given
around five cups of coffee to become familiar with the evaluation pro-
tocol. To generate a lexicon specific for Yunnan coffee, the panelists first
sniffed three to four times to detect the odor, and then sipped the sample
to evaluate the favor and taste, as well as the mouthfeel and amplitude.
An initial large coffee-specific lexicon combined from other publications
(Akiyama et al., 2008; Bhumiratana et al., 2011; Chambers et al., 2016;
Lee et al., 2016; Liu et al., 2019; Sarrazin et al., 2000; Seo et al., 2009)
was provided to the panel, and each panelist conducted his/her own
evaluation of the samples at individual speed. Through several rounds of
discussion, panelists filtered terms that were not related, and merged
some terms with similar definitions. In the following orientation ses-
sions, the panelists were exposed to the coffee samples prepared from 12
bean samples produced in four different regions and with different de-
grees of roasting (Table 1), and after discussion, adjustments, and
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Table 1
Yunnan coffees evaluated in this study.
ID Growing Name Degree of Manufacturer
area roasting
BIL Baoshan Sinloy coffee* Light Baoshan China Coffee Food
Co., Ltd.

B2D Baoshan White tiger Dark Baoshan Chunzheng Coffee
mountain Industry Development Co.,
coffee* Ltd.

B3M Baoshan Gaosheng Medium Baoshan Gaolaozhuang
manor Agricultural & Sideline

Products Development Co.,
Ltd.

B4M Baoshan Tiansu Medium Baoshan Tianli Coffee Mill
yunnan Co., Ltd.
arabica coffee

B5L Baoshan Manlao river Light Yunnan Delu Coffee Co.,
coffee* Ltd.

B6L Baoshan Jinglan coffee Light Yunnan Jinglan Tropical

Crops Science &
Technology Co., Ltd.

B7L Baoshan Zhongka Light Yunnan Baoshan Zhongka
arabica coffee Food Co., Ltd.
beans

B8D Baoshan Xinzhai Dark Baoshan Xinzhai Coffee Co.,
coffee* Ltd.

BIL Baoshan Beaton coffee Light Baoshan Bestain Coffee Co.,

Ltd.
B10M Baoshan Hekengs Medium Baoshan Heke Coffee Co.,
coffee* Ltd.
B11M  Baoshan Yunlu coffee Medium Baoshan Yunlu Coffee
Production and
Development Co., Ltd.

DIM Dehong Hogood coffee ~ Medium Dehong Hogood Coffee Co.,
Ltd.

D2L Dehong The jura* Light Puer Shengbaishi Health
Industry Co., Ltd.

D3M Dehong Fitbean coffee Medium Dehong Yunteahouse Coffee
Co., Ltd.

D4D Dehong Colorful beans  Dark Yunnan Yika Food
coffee* Technology Co., Ltd.

L1M Lincang Mangka Medium Yunnan Balle Coffee Co.,
langzhu* Ltd.

L2D Lincang Xueyan* Dark Yunnan Balle Coffee Co.,

Ltd.
L3L Lincang Yunnan white Light Pu’er Keruite Coffee Co.,
olive* Ltd.
PIM Pu’er Yunfei roasted ~ Medium Yunnan Farming Group Co.,
coffee beans Ltd.
P2D Pu’er Fibo coffee Dark Yunnan Balle Coffee Co.,
Ltd.

P3M Pu’er Kissung coffee ~ Medium Pu’er Xinfeng Agricultural
Development Co., Ltd.

P4D Pu'er Manya coffee Dark Pu’er Manya Coffee
Industrial Co., Ltd.

P5L Pu’er Torch coffee* Light Pu’er Keruite Coffee Co.,
Ltd.

P6D Puwer Aini manor Dark Pu’er Aini Manor Coffee
coffee Co., Ltd.

P7M Pu’er Badoumai Medium Mojiang Jinggong Manor
coffee* Specialty Development Co.,

Ltd.

Note: Coffees marked with “*” were used for panel orientation.

savoring the reference when necessary, they gave consensus scores to
the 12 samples, thereby ensuring that they agreed on the terms of def-
initions and references. A score sheet was developed with an ordinal
scale of 1-15, with 1 representing extremely low and 15 representing
extremely high, and it was used by the panel to scale the intensity of all
descriptors.

2.3.3. Evaluation

Coffee samples were coded with numbers and presented in a ran-
domized order to each panelist (i.e., each panelist received samples in a
unique order). For each coffee sample, one panelist spent approximately
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15 min to evaluate, and in one session, two or three samples were
evaluated using the developed score sheet with an ordinal scale of 1-15.
During the interval between evaluating different coffee samples, the
panelists were asked to clean their mouths regularly with water and
odorless biscuits to avoid taste fatigue. To maintain the motivation of
the panelists, a number of coffee related gifts, such as coffee mugs, were
provided to them when one session finished. Each coffee sample was
evaluated in triplicates, and the entire evaluation took around two
months. The panel performance was monitored using PanelCheck soft-
ware (Version 1.4.2, www.panelcheck.com).

2.4. Data analysis

After all score sheets were received from the panel and passed the
quality test, the frequency of each descriptor was calculated as
following:

NS;

Fi )
SxP

i=1,2N,

where F; is the frequency of descriptor i; NS; is the number of score sheets
in which the descriptor i was scored; S is the number of coffee bean
samples; P is the number of panelists; and N is the number of descriptors.
The relative intensity of each descriptor was calculated as following:

TS;

I[:7='
SXPxM !

=1,2--N,
where I; is the relative intensity of descriptor i; TS; is the total of all
scores the panel marked for the descriptor i; M is the max intensity that a
descriptor can be scored by one panelist for each coffee sample (which is
15 in this study). Using the method described in ISO 11035-1994, an
indicator to show the contribution of one descriptor to the food samples
was calculated as following:

M;=+\/F, <1,

A descriptor with a larger M indicates that the descriptor contributes
more significantly to the samples. All descriptors with M < 5% were
filtered, and the remaining descriptors were used for the development of
a sensory wheel and the following analyses.

The sensory wheel was constructed using Microsoft Excel. One-way
ANOVA with post-hoc Tukey’s HSD and principal component analysis
(PCA) using the correlation matrix were conducted using R (Version
4.0.3).

3. Results
3.1. Sensory descriptors

A total of 133 candidate descriptors were provided to the panel, and
after the panel orientation, 66 descriptors were included in the initial
lexicon for the coffee samples made from Yunnan coffee beans (Table 2).
These descriptors were divided into three categories: taste, flavor and
others, which contained 12, 47 and 7 descriptors, respectively. The term
“taste” refers to the basic taste modalities an assessor felt when sipping
the coffee sample, whereas “flavor” was used to describe the complex
combination of retronasal and orthonasal perceptions in the mouth
(Koch et al., 2012). In total, 57 descriptors with an M value larger than
5% were retained for the following analyses. According to the M value,
“taste” descriptors significantly contributed to the coffee samples were
“sour”, “sour aromatics”, and ‘“caramelized”, while “dark chocolate”,
“brown, roast”, and “smoky” were the major “flavor” descriptors for
outlining retronasal and orthonasal perceptions. The “others” category
contained amplitude and mouthfeel descriptors, with “longevity”,
“body/fullness”, and “oily” being the significant ones (Table 2).
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Table 2
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Complete list of preliminary descriptive terms generated during panel training and the corresponding M values.

Taste attributes Descriptors M value® (%) Flavor attributes Descriptors M value (%) Other attributes Descriptors M value (%)
Sour/Acid Sour 65.21 Alcohol/Fermented Winey 18.17 Amplitude Longevity 68.39
Sour aromatics 25.34 Fermented 12.42 Body/fullness 59.18
Citric acid 14.45 Cereal/Nutty Dark chocolate 41.52 Blended 53.33
Malic acid 5.75 Hazelnut 25.94 Mouthfeel Oily 80.34
Acetic acid 5.15 Chocolate 23.31 Thickness 66.15
Sweet Caramelized 39.07 Almond 14.34 Mouth drying 50.88
Sweet aromatics 18.13 Grain 8.60 Metallic 23.24
Cream 10.11 Malt 8.54
Honey 9.61 Peanuts 7.12
Sweet 7.86 Chemical/Stale Bitter 73.15
Vanillin 6.99 Meaty/brothy 24.16
Cheese 1.07 Salty 16.24
Papery 14.92
Woody 14.92
Animalic 11.88
Medicinal 11.58
Stale 9.55
Petroleum 3.38
Rubber 2.27
Floral/Vegetative Herb-like 16.72
Black tea 13.48
Raw 6.44
Rose 5.18
Osmanthus 5.18
Fruity Tangerine 11.81
Orange 7.98
Honey peach 7.96
Grape 7.66
Lemon 6.37
Lychee 5.19
Mango 4.83
Strawberry 4.26
Pineapple 4.13
Tomato 2.93
Blueberry 2.11
Roasted Brown, roast 51.48
Smoky 43.13
Ashy 25.91
Pipe tobacco 25.03
Baked sweet potatoes 16.65
Tobacco 14.01
Malted oatmeal bread 10.17
Bread 8.31
Biscuit 3.77
Spices Cinnamon 10.07
Nutmeg 9.95
Pungent 7.24

@ The M value is the square root of the product of the frequency and the relative intensity of a descriptor (see Materials and methods).

3.2. Sensory wheel

The descriptors were grouped into categories and presented in a
three-tiered sensory wheel (Fig. 2). In the wheel, the inner tier contains
the three major sensory modalities, namely, “taste”, “flavor”, and
“others”; secondary descriptors that group a certain type of attributes
are in the second tier; and the outer tier includes specific attributes. The
“flavor” group is the most comprehensive first-tier descriptor, which
contains three large secondary descriptors, namely, “chemical/stale”,
“roasted”, and “cereal/nutty”, each consisting of seven to eight specific
descriptors, while in the “taste” and “others” groups, “sweet” and “sour/
acid” descriptors account for the largest proportion, representing the
overall taste of the coffee samples. Detailed definitions of the terms
included in the wheel can be found in Sensory Lexicon 2.0 issued by
World Coffee Research (https://worldcoffeeresearch.org/work/sensor
y-lexicon).

According to the M value, nine descriptors included in the lexicon
were excluded in the sensory wheel. These descriptors were distributed
in four second-tier categories, namely, “sweet”, “roasted”, “chemical/
stale”, and “fruity”. Only one or two descriptors were removed in the
first three categories, including “cheese”, which had the lowest M value
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(1.07), whereas five “fruity” terms were filtered, including “mango”,
whose M value (4.83) was the highest among the removed terms
(Table 2).

3.3. PCA analysis of the Yunnan coffee beans

Given that a large number of descriptors were generated for our final
sensory wheel, standardized PCA plots were made to show the associ-
ation between the sensory attributes and the main sensory differences
among the bean samples. Fig. 3 shows the PCA bi-plots for the “flavor”
(Fig. 3a and b), “taste” (Fig. 3c and d) and “others” (Fig. 3e and f)
descriptors.

In the PCA plots of “flavor” descriptors, the attributes are evenly
located in the four quadrants, and the samples are not grouped together
according to their origins (Fig. 3a). However, according to the first
principal component (PC1), most of light roast samples are located in the
left two quadrants, associating with attributes such as “grape”, “honey
peach”, “lychee”, “lemon”, and “fermented”, whereas all dark roast
samples except for D4D were on the right, where “dark chocolate”,
“smoky”, “pipe tobacco”, “ashy”, and “nutmeg” are the major attributes
(Fig. 3b). As shown in Fig. 3c, samples from Dehong and Linchang are to
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Fig. 2. The sensory wheel comprising 57 terms describing the sensory attributes of the 25 Yunnan coffee samples.

a large extent grouped according to their origins, while samples from
Baoshan and Pu’er are positioned quite separately in the plot. With re-
gard to the roast level, it is worth noting that dark roast samples are
widely spread according to the PC1, while light roast and medium roast
samples are more concentrated, indicating that dark roast samples
display more pronounced variations in attributes such as “honey”,
“sweet aromatics”, “malic”, and “vanillin” (Fig. 3d). According to the
PC1 in the plots of “others” descriptors, all attributes with the exception
of “animalic” are positioned in the left two quadrants (Fig. 3e and f). It is
clear that samples from Dehong tend to locate in the right two quadrants
while most Baoshan samples are found on the left, suggesting that
samples from these two places display fairly distinct sensory properties
in the aspects of “body/fulness”, “metallic”, and “blend” (Fig. 3e). As
shown in Fig. 3f, light, medium and dark roast samples are grouped
separately according to the PC2, and such obvious grouping demon-
strates that the degree of roasting can affect sensory attributes such as
“animatic”, “thickness”, “mouth drying”, “blended”, and “metallic”
(Fig. 3c).

3.4. Sensory differences of the bean samples from different origins and
with different degrees of roasting

To investigate how the sensory profiles vary among beans produced
in different regions and with different degrees of roasting, we calculated
the M value of each descriptor for the beans produced in the same region
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or with the same degree of roasting, and the comparisons of the sensory
profiles were visualized in Fig. 4. In the spider plots, sensory profiles
were plotted according to the 11 second-tier descriptors in the sensory
wheel (Fig. 2), which include two taste basics and nine descriptors
generally representing the sensory characteristics of Yunnan coffee, and
significant differences (p < 0.05) are indicated by different letters.

For the four groups of beans with different origins, significant dif-
ferences were found in the descriptors of “sweet”, “chemical/stale”,
“roasted”, and “spices”. Three of these descriptors are significantly
different between Dehong and Pu’er samples, with Dehong coffees being
less strong in “spices” and “roasted” and having a higher degree of
“sweet” (Fig. 4a). Considering “chemical/stale”, Banshan samples
display a significantly higher intensity than Dehong samples (Fig. 4a).
As shown in the sensory profiles plotted based on the roast levels, in
comparison with light roast coffees, dark roast coffees received signifi-
cantly higher scores in the “mouthfeel” and “roasted” groups of de-
scriptors while their “sour/acid” level is significantly lower. Notably,
dark, medium and light roast coffees show pairwise significant differ-
ences regarding their intensities in “mouthfeel”, indicating that the de-
gree of roasting can greatly affect the mouthfeel of Yunnan coffee
(Fig. 4b).

4. Discussion

Sensory analysis has been widely carried out for coffee in the past,
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including brewed (filter) coffee, instant coffee, and espresso or expresso-
milk coffee (Maeztu et al., 2001; Narain et al., 2004; Navarini et al.,
2004; Nebesny and Budryn, 2006; Seo et al., 2009). However, no such
attempt on coffee samples from China has been reported. In this study,
we conducted descriptive sensory analysis on 25 Yunnan coffees. We
first identified 66 descriptors, and 57 of them were used to develop a
sensory wheel, which outlines the overall sensory profile of Yunnan
coffee. Given that Yunnan coffee is still a minor player in the market and
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their sensory properties are unlikely to be distinctly different from cof-
fees from other counties, in this study we did not de novo develop an
initial large lexicon; instead, we took advantage of a comprehensive
reference lexicon developed using more than 100 different coffee sam-
ples from various major coffee growing countries (Chambers et al.,
2016), and this lexicon was further expanded by adding descriptors from
a number of other coffee sensory studies. The usage of this well-built and
comprehensive lexicon enabled a more efficient and accurate evaluation
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Nebesny and Budryn, 2006). Given that arabica coffee is the main spe-
cies in Yunnan, our sensory wheel is unsurprisingly similar to the sen-
sory wheels generated for popular coffee beans produced in other
countries, and such result is also reflected by the high scores Yunnan
coffee beans received for cup quality (Spencer et al., 2016; Zhang et al.,

of Yunnan coffee beans, in particularly considering that our panelists
were not professionals. In the set of descriptors identified here, there are
three large groups of “cereal/nutty”, “fruity” and “floral/vegetative”
descriptors (Table 2, Fig. 2), and these descriptors were found to be
positively correlated with pleasant perceptions (Kreuml et al., 2013;
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Fig. 4. Spider plots showing the mean scores for the 11second-tier descriptors in the sensory wheel that were associated with coffee samples produced in different
regions (a) and with different degrees of roasting (b). The letters represent statistical grouping defined through an ANOVA followed by Tukey’s Post hoc tests.
Samples that are significantly different (p < 0.05) are shown with different letters.

2014). In terms of the differences in comparison with wheels generated
for other beans, our wheel owns a smaller number of “fruity” descriptors
(lacking, e.g., “apple”, “peach” and “pear”), while other negative de-
scriptors, such as “rubber” and “petroleum” do not appear, indicating

that Yunnan coffee’s sensory profile is converged and shows a high
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average quality (Fig. 2).

We speculate that the differences between sensory qualities of
Yunnan coffee and other coffees stem from the following reasons. In
general, elevation is one environmental factor being often positively
associated with coffee quality and price (Avelino et al., 2005; Bertrand
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etal., 2012; Martins et al., 2020; Tolessa et al., 2017). The altitude of the
four coffee production regions included in this study ranges from 700 to
1700 m above the sea level, which is similar to the altitude range in
Brazil’s coffee production regions but lower than the altitude in
Ethiopia. Bertrand et al. (2012) concluded that the mean air tempera-
ture during seed development is the main reason for the positive effects
of elevation, and they also concluded that cool climates might result in
more positive quality attributes. Therefore, Yunnan’s mild annual tem-
perature might play a major role for determining the sensory profile. In
addition, agricultural practices have also been linked to coffee quality,
such as cultivation and harvest methods (Sunarharum et al., 2014). In
most coffee farms in Yunnan, production is still in small-scale, and
cultivation is largely not standardized, leading to large variations in soil
fertility (Zhao et al., 2019). The above reasons may also explain the
sensory differences detected among beans from different regions in
Yunnan (Figs. 3 and 4). In particular, Baoshan has the highest average
elevation among the four regions, and its rainfall is lower than the other
three regions (Huang et al., 2010).

Coffee cup quality is not only determined by green beans, but also
significantly influenced by commercial processing steps, such as roast-
ing, grinding, and brewing. Numerous studies have demonstrated that
among these steps, roasting has the largest impact on coffee aroma and
taste (Buffo and Cardelli-Freire, 2004; Esquivel and Jiménez, 2012;
Redgwell et al., 2002). During roasting, the temperature is elevated to
180-240 °C for 8-15 min. Under such extreme conditions, a large
number of complex chemical reactions take place, such as Maillard re-
actions; Strecker degradation; breakdown of sulphur amino acids,
hydroxy-amino acids, proline and hydroxyproline; degradation of trig-
onelline, the quinic acid moiety, pigments and lipids. Hundreds of
substances associated with coffee sensory properties are formed or
released directly from these reactions or through interactions between
intermediate products (Buffo and Cardelli-Freire, 2004). A previous
study by Bhumiratana et al. (2011) found that coffee prepared through
light roasting is usually less sour and sweeter than medium or dark
roasted ones, while darker roasting contributes to typical “coffee” at-
tributes. In this study, we found a similar trend, with light roasted beans
showing significantly lower intensity scores of “sour/acid”, whereas
medium and dark roasting giving rise to significantly higher scores of
the “mouthfeel” and “roasted” groups of descriptors (Fig. 4b). Such
sensory differences are likely because excessive roasting would lead to
certain changes in the concentrations of volatile substances, which are
major determinants of coffee cup quality (Baggenstoss et al., 2008; Buffo
and Cardelli-Freire, 2004).

One weakness of our study is that we only used commercially
available beans. On the one hand, the exact coffee been variety infor-
mation is not available to us, and on the other hand, different processing
standards may result in variations of final cup quality. For example,
there are three major green coffee bean processing techniques—dry
processing (natural), wet processing (washed), and semi-dry (semi-
washed) processing. Previous efforts have found that dry processing may
give the coffee drink a more intensive medicinal flavor whereas wet
processing can increase acidity and richness of the aroma (Sunarharum
et al., 2014). Furthermore, while the initial lexicon we employed is of
high quality, the usage of the translated version might bring inaccura-
cies into our analysis. It has been reported that sensory descriptors are
affected by culture and language, so the comparison between Yunnan
coffee with other coffee samples using sensory wheels should be inter-
preted with caution (Hayakawa et al., 2010).

The present work can be extended in multiple ways. For example, a
detailed analysis of the chemical components of the Yunnan coffee beans
may provide more objective support to our sensory property assessment.
Recently, Barbosa et al. (2019) analyzed the correlation between the
composition of 66 green Arabica coffee bean samples and their brews’
sensory qualities; they found that levels of caffeine, protein, chlorogenic
acids and total titratable acidity in the green coffee beans are negatively
correlated with coffee quality, while high ratios of sucrose/total
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titratable acidity and cafestol/kahweol are associated with higher
quality of coffee brews. Therefore, it would be interesting to conduct a
similar detailed analysis as such chemical results may not only be
indicative of the overall quality of Yunnan coffee beans, but also may
provide relevant information for coffee improvement programs.
Furthermore, the health effect of coffee intake has been linked with
coffee quality (Gonzalez de Mejia and Ramirez-Mares, 2014; Kolb et al.,
2020). Notably, a number of bioactive compounds, such as caffeine,
chlorogenic acids and derivatives, trigonelline, nicotinic acid, 5-hydrox-
ymethylfurfural, theobromine, and theophylline have been associated
with a variety of significant bioactivities, including antioxidant activity,
anticarcinogenic activity and antimutagenic activity (George et al.,
2008; Rodrigues and Bragagnolo, 2013). Hence, to comprehensively
characterize the quality of Yunnan coffee, it would be important to also
take these bioactive compounds into consideration in future chemical
analyses.
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