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Abstract

Rapid methods of text analysis are increasingly important tools for efficiently extract-

ing and understanding communication within the food and beverage space. This

study aimed to use frequency-based text mining and biterm topic modeling (BTM) as

tools for analyzing how cider products are communicated and marketed on cider-

producer websites for products made in Virginia, Vermont, and New York. BTM has

been previously used to explore topics in small corpora of text data, and frequency-

based text mining is efficient for exploring patterns of text across different docu-

ments or filters. The present dataset comprised 1115 cider products and their web-

site descriptions extracted from 124 total cider-producer websites during 2020 and

2021. Results of the text mining analyses suggest that cider website descriptions

emphasize food-pairing, production, and sensory quality information. Altogether, this

research presents the text mining approaches for exploring food and beverage

communication.

Practical applications

This research will be valuable to stakeholders in the United States' cider industry by

providing relevant insight as to how cider marketing and sensory communication var-

ies based on extrinsic product factors, such as geography and packaging. This

research also demonstrates the efficiency and potential of text mining tools for

exploring language and communication related to foods, beverages, and sensory

quality. Further, this research provides a framework for extracting sensory-specific

language from a large corpus of data, which may be adopted by other researchers

wishing to apply rapid descriptive methods in the sensory, quality, and consumer

research fields.

1 | INTRODUCTION

Various scientific disciplines, including but not limited to linguistics,

anthropology, and data science (Jurafsky, 2014; Riley & Paugh, 2018),

explore how food is communicated and valued among producers,

consumers, and other actors in the food system. In the sensory evalu-

ation field specifically, understanding language and communication is

important for understanding food product experiences and

perceptions—particularly those which drive repeat consumption and

purchasing.
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Purchasing and consuming food entails a multisensory experience

(Lawless & Heymann, 2010b; Riley & Paugh, 2018) that is heavily

influenced by environmental context (Betancur et al., 2020; Lahne &

Trubek, 2014; Lawless & Heymann, 2010a; Meiselman, 2019;

Stelick & Dando, 2018). Context in the sensory experience can include

but is not limited to music playing in the background, visual surround-

ings in the consumption environment, and information about a product

that is being consumed, whether that information is on a package or

online platform. In the case of the latter, text-based communication is

a pertinent type of context in sensory experiences that can influence

expectations about how a product might be or is perceived. For exam-

ple, information about the typicality of grape varieties and growing

regions facilitates cognitive associations and expectations relevant to

the sensory experience (Sáenz-Navajas & Jeffery, 2021;

Spence, 2020a; Thomas & Pickering, 2003). Recent research has

investigated ways in which sensory-relevant terms are used in every-

day contexts to describe products in order to get a broader under-

standing of how sensory quality is communicated both post- and pre-

consumption, but this is an area of ongoing research

(L. Hamilton, 2022).

Qualitative research methods have been most commonly utilized

to explore the language and communication of food. These methods

can include content analysis (Krippendorff, 2019; Weber, 1990), docu-

ment analysis (Bowen, 2009), and reflexive thematic analysis (Braun &

Clarke, 2006, 2013) which can identify overarching, consistent themes

or topics across textual and visual data. Researchers have previously

used these methods and extensions of these methods to explore wine

blogs (Beninger et al., 2014; Doyle et al., 2012), cookbooks

(Parys, 2013), marketing messages (Vasiljevic et al., 2018), and even

written responses of consumers' perceptions of processed foods

(Sadler et al., 2022). However, qualitative methods for language analy-

sis can be time intensive and more influenced by researcher bias than

comparable quantitative text mining approaches (Braun &

Clarke, 2013; Creswell & Poth, 2018; Peschel et al., 2019), thus pre-

senting the need for research methods that can quickly and effectively

investigate how food is discussed.

A promising alternative to qualitative research methods for

exploring food language and food sensory experiences is the applica-

tion of automated text mining tools that allow researchers or compa-

nies to quickly process and analyze text (Peschel et al., 2019; Tao

et al., 2020). Natural language processing (NLP) is the general area of

research and application of automated, quantitative language proces-

sing that involves developing and training a statistical model to pro-

cess unstructured text. For the purposes of sensory-specific research,

NLP is an increasingly popular tool and has been used in different

ways for different purposes (Jurafsky, 2014; Souza Gonzaga

et al., 2020; Tian et al., 2021; Yoo et al., 2023). An overview of NLP

and its application in the sensory science field can be found in L. M.

Hamilton and Lahne (2023).

Within NLP is a branch of text analysis called topic modeling,

which explores patterns in word co-occurrences in order to form

broad topics or themes. Analyzing word associations can be done

based on how often terms occur together, based on semantic

similarity (i.e., trees, orchard, apples, apple seeds), or based on the two

approaches combined. This text mining process can allow researchers

to quickly investigate themes within text-based data in a way similar

to that of reflexive thematic analysis (Braun & Clarke, 2013). Latent

Dirichlet allocation (LDA) is a standard topic-modeling methodology

that analyzes word co-occurrences within different documents, which

comprise a very large overall dataset (An, 2022; Blei et al., 2003;

Blei & Lafferty, 2009; Silge & Robinson, 2017; Vidal et al., 2022).

Recently, Cheng et al. (2014) proposed an alternative to LDA that

is better suited for investigating topics in data sets with shorter units

of text, such as websites and tweets. This approach to explore topics

within short texts is called biterm topic modeling (BTM) and over-

comes the problem of data sparsity by focusing on co-occurrences of

word pairs across the whole data corpus (Cheng et al., 2014; Vidal

et al., 2022). BTM has been used to explore topics related to con-

sumer perceptions of vertical farming (Vidal et al., 2022) and turmeric

(Feldmeyer & Johnson, 2022), and thus it may be invaluable for

exploring sensory language and other information that can potentially

influence the sensory experience.

In seeking to understand the language around food and the

context around sensory experiences, we note that much research

has focused on consumer-based data sets, such as blogs (Beninger

et al., 2014), product reviews (L. M. Hamilton & Lahne, 2020), and

open-ended responses (Danner & Menapace, 2020; Spinelli

et al., 2017; ten Kleij & Musters, 2003). However, few text assess-

ments have been conducted with producer-generated language.

Food and beverage producers, and other stakeholders or retailers,

add value to products by conveying information about how their

products are made and where they are from (Lahne &

Trubek, 2014; Paxson, 2013), whether that information is conveyed

verbally or in written form. Text-based product information that

producers use on their packaging or websites contributes to the

context around food and beverages that consumers engage with

prior to, during, and after their sensory experience (Bernard &

Liu, 2017; Betancur et al., 2020; Kessinger et al., 2020; L. Lee

et al., 2006; W. J. Lee et al., 2013).

1.1 | Cider

Cider is an alcoholic beverage made from fermented apple juice that

is growing in popularity worldwide. In the United States (US), revenue

from the cider industry has grown significantly over the past 10 years

(Jacobsen, 2022; Peck & Knickerbocker, 2018; Wood, 2022). Smith

et al. (2021) and Yenerall et al. (2022) have all documented various

consumer preferences related to cider and the cider sensory experi-

ence. These researchers emphasize that information about sensory

quality explicitly, as well as elements of sustainability, apple varieties,

product origins, and other ethical values can make relevant contribu-

tions to consumers' affective and cognitive sensory experiences, fur-

ther supporting evidence of the sensory experience being contextual

(Betancur et al., 2020; Charters & Pettigrew, 2007; Kessinger

et al., 2020; Lahne & Trubek, 2014).
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The American Cider Association and other researchers have cited

inconsistent and unclear marketing and sensory language as barriers to

growth in the current American cider industry (Demmon, 2019; Fabien-

Ouellet & Conner, 2018; Ostrom et al., 2022). Ostrom et al. (2022)

describe cider producers' need for marketing support that increases

consumer awareness of place-based qualities and cider-specific apples,

echoing the research of Fabien-Ouellet and Conner (2018). Currently,

style guidelines are a common tool for communicating cider quality in

the US cider industry, with the two dominating styles being “modern”
and “traditional.” Ciders are also beginning to be described in terms of

the explicit apple varieties that they contain, such as a “single varietal

cider” made with only Newtown Pippin apples. Yet, there is little social

or cultural consensus on how cider quality can or should be described,

particularly related to clear and meaningful sensory communication.

Therefore, the present research intends to explore how cider producers

currently communicate and market cider products in order to gain a

better understanding of how descriptive communication can be

improved to best support the growing US cider industry.

1.2 | Objectives

The present study aimed to explore the language used by cider pro-

ducers and marketers to explain their product(s) to consumers. We

apply two complementary and easily accessible text-analysis work-

flows to this problem: frequency-based analyses (Silge &

Robinson, 2017) and BTM (Cheng et al., 2014; Yan et al., 2013). We

selected these methods because, while they are simple and accessible,

they can nevertheless provide broad insight into the topics used to

communicate cider products on cider websites, from Virginia, Ver-

mont, and New York. These three states were selected because they

are leading cider-producing states in the Northeast and Mid-Atlantic

US (West, 2018). A secondary aim of this study will be to report on

the effectiveness of the “tidy-text” approach and BTM in conjunction

for small-scale, quick speech and language processing projects.

2 | MATERIALS AND METHODS

2.1 | Data collection

Data collection took place from August to December 2020. To determine

which cideries to include in the dataset, researchers searched for all cider

producers described by Cidercraft Magazine's cider locator (Locator, 2022)

and West (2018) to operate in Virginia, Vermont, and New York. After

compiling this initial list of cider producers, researchers searched each pro-

ducer identity or cidery for a website. Cider producers or cideries that did

not have an official website with information about their products were

excluded from the dataset. From each cidery website, all individual cider

product names were extracted along with all product descriptions on the

cidery website. All text was directly copied from the cidery website into

the dataset. If no information was provided across the website for an indi-

vidual cider product, then the website description factor was set to “NA.”

Using all information provided on the cidery websites, including

individual product descriptions, other product attributes were extracted

including: “Alcohol-By-Volume (ABV),” “Packaging Format,” “Flavored,”
“Single v. Blend varietal,” and “Apple Varieties.” When listed on the

cider website, “ABV” was extracted for every individual cider product.

If a product did not have an explicitly stated ABV, the product factor

was set to “NA.” “Packaging Format” was made as a factor column to

indicate the packaging format for every individual cider product. If the

packaging format was not available from any information provided on

the website, the factor value was set to “NA.” If an individual cider

product came in multiple packaging formats, then the factor value was

set to “multiple.” The factor column “Flavored” was set as “Yes” if a

product description explicitly indicated that the cider was flavored with

non-apple adjuncts. If the product description was clear that no

adjuncts were used for flavoring or if flavoring could not be clearly

inferred from the product description, then the factor was set as “No.”
“Single v. Blend varietal” was made as a factor column to indicate

whether a cider is made with only one type of apple versus a blend of

different apples, which are common production decisions in cider-

making (Lea, 2008; Proulx & Nichols, 1980). If a cider product was

explicitly described to be made with one apple variety, the “Single
v. Blend” factor column was set as “Single” and the “Apple Varieties”
factor column contained the explicitly mentioned apple variety. If a

cider product was explicitly described to be made from a blend of dif-

ferent apples, then the appropriate factor column was set as “Blend”
and all apple varieties were extracted and recorded in the “Apple Varie-

ties” factor column. If the blend of apple varieties was not explicitly

stated, then the “Apple Varieties” factor column was set as “NA.” If a

product's description had no mention of apple varieties or blending for-

mat, the “Single v. Blend” column was set as “NA.” In some instances,

where apple varieties were of an unknown identity described as “wild-

foraged,” “heirloom apples,” “rare,” or of similar language, the “Single
v. Blend” factor was recorded as “Blend” and the “Apple Varieties” fac-
tor was recorded as “undesignated.”

All data were manually retrieved (i.e., copy and paste) by first and

second authors and stored in an electronic spreadsheet.

2.2 | Data analysis

All data were analyzed using R software version 4.1.2 (R Core Team,

2023) adapting procedures outlined in Silge and Robinson (2017),

Wickham (2014), Cheng et al. (2014), Wijffels et al. (2021), and Yan

et al. (2013). For data processing, the apple varieties described for each

cider product were tokenized and variety frequencies were explored

across state, apple variety use (i.e., single variety or blend), and packag-

ing format. Website descriptions were filtered to remove English stop

words, using the stop word list provided in the stopwords package for

R. Website descriptions were tokenized and term frequency-inverse

document frequency (tf-idf) was run across state, apple variety use, and

packaging. Term frequency refers to the number of times individual

terms occur in a document. tf-idf is a method of showcasing how

important a given term is to a given document by minimizing words
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that appear across multiple documents and emphasizing words that

appear in select documents (Silge & Robinson, 2017).

BTM was adapted from Yan et al. (2013) and Wijffels et al. (2021)

and inspired by the work of Vidal et al. (2022). BTM was selected to

accommodate the smaller corpus of data as well as to accommodate

the relatively small units of unstructured text (i.e., website descrip-

tions) in the present study. The methods of BTM utilized in the pre-

sent study involved assessing biterm co-occurrences within individual

product descriptions (also known as “skipgrams”) in the entire corpus,

and within reviews from each of the three states individually, remov-

ing stop words, and filtering parts of speech to only include nouns,

adjectives, and verbs in the topic models.

In order to train a BTM, specifying three hyper-parameters is nec-

essary: the number of topics (K), alpha, and beta. The latter values,

alpha and beta, control topic density and were set to recommended

values (alpha = 50/K, beta = .01) based on Cheng et al. (2014). The

BTM is trained to assume an underlying number of topics across a cor-

pus, and the model will find distribution trends of words across these

topics. Although there is no standard, pre-established way to determine

the optimal number of topics for any given corpus, researchers have

recommended training a BTM with different numbers of topics in order

to discover which number best suites the data by yielding a higher sub-

jective topic coherence (Cheng et al., 2014; Vidal et al., 2022). The pre-

sent data set was trained using multiple biterm topic models for

K (K = 1, 2, 3, 5, 7, 9) for the whole corpus of biterms, and two biterm

topic models for K (K = 5, 7) for the corpus of biterms separated across

the three states. First and last author read the words associated with

each topic and qualitatively decided on the number of topics which

best fit the data. Topics were deemed coherent when the researchers

unanimously agreed that a clear topic or theme could be identified from

the clusters with minimal repetition of non-related terms across topics.

All topic models were visualized using cluster graphs following proce-

dures described by Vidal et al. (2022) and Wijffels et al. (2021).

3 | RESULTS

The present data set, which we refer to as the “Cider Catalog” moving

forward, comprises 1115 cider products, representing 15 cider pro-

ducers from Vermont, 32 cider producers from Virginia, and 77 pro-

ducers from New York (124 cider production companies total). In the

following section, we describe results of our text mining, and we visu-

alize trends across the data set according to factors including apple

varieties, packaging, and state.

3.1 | Frequency-based results

3.1.1 | Apple varieties

To explore the use of named and unnamed apple varieties in ciders

across the Cider Catalog, a word-frequency model was employed. The

manually scraped apple varieties were treated as the tokens (units of

analysis) in these analyses. In the Cider Catalog, Vermont had 6 single

varietal ciders (representing 4.0% of all Vermont ciders), Virginia had

39 single varietal ciders (representing 12.6% of all Virginia ciders), and

New York had 32 single varietal ciders (representing 4.9% of all New

York ciders). Figure 1 showcases the top 15 most commonly used

apple varieties across cider products from Virginia, Vermont and New

York, indicating broad differences in the uses of individual apple varie-

ties across the three states. Some apple varieties were more com-

monly used in certain states and regions, such as the McIntosh and

Golden Russet apples appearing much more commonly in New York

and Vermont than in Virginia. The Rhode Island Greening apple

appeared in 19 cider products in New York versus 3 cider products in

Vermont and 0 cider products in Virginia. As well, apple varieties that

were planted historically in specific states were very common in that

respective state. For example, the Newtown Pippin apple was used

commonly in New York ciders, the Albemarle Pippin apple was used

commonly in Virginia ciders, and the Dolgo Crab apple was used com-

monly in Vermont ciders (Calhoun, 2010; Proulx & Nichols, 1980;

Pucci & Cavallo, 2021).

When exploring the use of different apple varieties in single varie-

tal and blend ciders, the use of non-apple flavorings impacted the

types of apple varieties that were used in cider products. In non-

flavored single varietal ciders, the most common apple varieties were

Northern Spy, Harrison, Albemarle Pippin, Gold Rush, Golden Russet,

Arkansas Black, Winesap, Ashmead's Kernel, Baldwin, and Black Twig.

In flavored single varietal ciders, Red Delicious, Granny Smith, and

Pink Lady apple varieties were included in the list of commonly used

apple varieties. This suggests that dessert or table apple varieties may

be more common in flavored ciders overall, and that cider-specific

apples may be more common in unflavored ciders. In cider products

which were a blend of different apples (n = 386), apple variety names

were not stated at all in 122 descriptions; but all descriptions for sin-

gle varietal ciders (n = 77) explicitly stated which apple varieties were

used in the product.

The most commonly used packaging formats described for cider

products on the cider websites were 750 ml glass bottles (n = 230),

12 ounce cans (n = 161), 16 ounce cans (n = 85), and 500 ml bottles

(n = 27). Many websites did not mention the packaging format of

cider products (n = 486). The use of different apple varieties across

canned and bottled packaging is shown in Figure 2. Bottled ciders

often contained more cider-specific apple varieties, and explicitly

stated apple varieties more often than canned ciders.

3.1.2 | Website description analyses

In order to explore unique communication patterns across website

descriptions, tf-idf analyzes were conducted for all cider products.

Figure 3 shows the results of high tf-idf terms across Virginia, Ver-

mont, and New York. This visualization showcases how products

made in different places are described in different ways, primarily with

emphasis on the geography of origin: for example, “ny,” “vermont,”
“vt,” “burlington,” “virginia,” “shenandoah,” “northeast,” and
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“champlain” are all high tf-idf terms for ciders from the respective

state or region. All three states have high tf-idf terms indicative of the

sensory experience including “palate,” “aromas,” and “sight.” Virginia

also has more high tf-idf terms that are potentially related to sensory

quality such as “earthiness,” “brightness,” “mouthfeel,” and “caramel.”
Virginia has “foods” has a high tf-idf term, suggesting that food pairing

information is notably more common among Virginia cider descrip-

tions and products. Virginia's and New York's set of high tf-idf terms

includes multiple terms related to apple varieties; suggesting that this

information is often conveyed in the descriptions of products from

these two states. With New York product descriptions, high tf-idf

terms related to apple varieties include “russet,” “island,” “newtown,”
“spy,” “rhode,” “greening,” and “baldwin.” With Virginia product

descriptions, high tf-idf terms related to apple varieties include

“albemarle,” “harrison,” “twig,” and “winesap.” Interestingly, one of

Vermont's highest tf-idf terms is “manufactured,” though this term is

not common in New York or Virginia cider descriptions. Unique to

Vermont, various high tf-idf terms are related to the name of a cider

product itself (e.g., “arlo” and “americran” are two cider product

names) or the producer (e.g., “windfall,” “citizen,” and “eden” are all

Vermont cider brands). Finally, New York also has “ph,” “ta,” and

“0.0” (presumably referring to pH, titratable acidity, and 0.0 g residual

sugar, respectively) indicated as high tf-idf terms, suggesting that cider

chemistry is a unique feature of website descriptions for products

from this state.

An analysis of tf-idf terms across blended and single varietal

ciders revealed that blended ciders contain many high tf-idf terms

related to the cider-making process (i.e., “yeast,” “time,” “lees,”
“vintage,” and “mix”) and cider sensory quality (i.e. “aromas,”
“balance,” and “structure”). Blended ciders also include “summer” as a
high tf-idf term, indicating that these products may be marketed for

seasonal or occasion-based consumption. However, no obvious

F IGURE 1 Specific apple varieties mentioned in website descriptions were counted across cider products from Virginia, Vermont, and New
York. Apple varieties accounted for in the visualization must have been explicitly stated on cidery websites. Null values (NA) were removed from
the visualizations to improve readability of the varietal frequencies. The proportion of website descriptions that did not explicitly mention apple

varieties were 35.66% (435/1220) in New York, 47.98% (202/421) in Virginia, and 35.23% (99/281) in Vermont.
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themes were able to be identified from the high tf-idf terms consis-

tent with single varietal ciders and visualizations of these analyses

were deemed not critically meaningful by the researchers.

Figure 4 visualizes high tf-idf terms from the website descriptions

across the two primary packaging formats (i.e., glass bottles and alumi-

num cans). Figure 4 indicates subtle yet important differences in the

language used to describe the products across packaging formats.

Ciders in cans are distinguished by website descriptions without a

clear overarching topic, though multiple high tf-idf terms appear to

refer to nutrition-related information such as “carb” and “cal.” As well,

the terms “3g” and “6g” potentially refer to residual sugar content

and the terms “140” and “155” potentially refer to calorie contents

(see Figure 4). In addition, tf-idf analyses were calculated across

12 ounce cans, 16 ounce cans, 500 ml bottles, and 750 ml bottles

(results not shown). Twelve ounce cans in particular had high tf-idf

terms such as “fermented,” “pressed,” and “concentrate,” and the

term “tart,” as an unique sensory descriptor. Ciders in bottles were

distinguished by website descriptions with terms related to apple vari-

eties, chemistry, and cider production methods. For example, the

terms “perfection,” “russet,” “newtown,” “esopus,” and “goldrush”
are suggestive of apple varieties and the terms “disgorged” and

“champenoise” are related production methods (see Figure 4).

Network bigram visualization

To explore words which commonly occurred together throughout the

entire dataset, tokenization of website descriptors was performed using

bigrams and a cluster network graph was visualized in Figure 5. This

visualization was not segmented based on extrinsic product factors in

order to maintain simplicity, given that bigrams are sparser than uni-

grams (Jurafsky & Martin, 2021), and to gain an overall glimpse of terms

which are commonly used together. The biterm cluster related to resid-

ual sugar indicates a trend of website descriptions emphasizing sugar

F IGURE 2 Specific apple varieties mentioned in website descriptions were counted across cider packaging formats. Apple varieties
accounted for in the visualization must have been explicitly stated for cider products on the cider website, or the null value (NA) indicates that no
apple varieties were indicated. Packaging formats accounted for in the visualization must have been explicitly stated on cidery websites. These
results indicate that canned ciders very frequently do not indicate the apple varieties (NA) used, whereas bottled ciders are more likely to include
mention of apple varieties in website descriptions.

6 of 14 CALVERT ET AL. Journal of
 Sensory Studies

 1745459x, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/joss.12854 by V

irginia T
ech, W

iley O
nline L

ibrary on [23/06/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



content, among other attributes, in website descriptions. Many biterms

refer to apple varieties, such as “granny smith” and “kingston black,”
and places, such as “blue ridge” and “finger lakes.” Some biterms are

suggestive of production-related language, such as “bottle conditioned”
and “6 months,” and “secondary fermentation,” and others are sugges-

tive of sensory terminology, such as “soft tannins” and “fruit forward.”
Interestingly, there is a bigram for “taste process,” suggesting that many

producers use website descriptions to share information about the con-

nections between the cider-making process and sensory attributes.

3.2 | BTM results

BTM is an unsupervised learning method that finds “topics” in texts

by identifying terms that occur in the same small context window

more often than would be expected by chance. In order to explore

topics across the text used in website descriptions, different “docu-
ment corpora” were selected for fitting the BTMs: first, BTMs with

various numbers of topics were fit to the entire cider catalog; second,

separate BTMs were fit for each state for various numbers of topics.

For each BTM, topics were manually labeled following agreement

from the researchers. A topic was deemed coherent when the

researchers agreed on topic identity based on the relevant biterms

and deemed incoherent when the researchers could not identify a

consistent theme according to the biterms. For all models, only coher-

ent topics are labeled.

Figure 6 shows the seven-topic model of biterms across the

whole corpus. In this figure, the five coherent topics were labeled

Food Pairing, Apple Varieties, Production, Sensory, and Flavorings as

relevant themes emerging from website descriptions of cider prod-

ucts. The topic Sensory was the most stable topic in the corpus, origi-

nally appearing as a subjectively distinguishable cluster in the three-

F IGURE 3 Term frequency-inverse document frequency (tf-idf) of terms from website descriptions, compared across Virginia, Vermont, and
New York, shows that all three states have important terms related to proper nouns and geography. More sensory and food-related terms are
unique to cider descriptions for products from Virginia, whereas the mention of chemical parameters (e.g., “ph” and “ta”) are unique to New York
cider product descriptions. Both New York and Virginia cider products have more unique terms related to apple varieties.
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topic model. When the topic model was expanded to the nine-topic

model, the Flavorings cluster separated into three clusters each con-

taining different flavoring-related biterms in addition to inconsistent

terms. For example, a cluster containing the term “cranberry” also

contained the terms “sweet” and “refresh,” whereas another cluster

containing the term “hop” also contained the words “valley” and

“local.” This cluster was named to refer to non-apple adjunct flavor-

ings which are common in the US cider industry (Alexander & Ewing

Valliere, 2020).

In Figure 7, the five-topic model for cider website descriptions

from each of the three states showed the most coherent and non-

repetitive topic clusters. Only coherent topics were labeled, including

three Sensory clusters, three Production clusters, two Food-Pairing

clusters, and one Apple Varieties cluster. Cider descriptions from New

York were unique in their biterm clustering of words related to apple

varieties, including the terms “northern,” “spy,” “golden,” and “russet”
(see Figure 7a), which refer to two apple varieties commonly used for

cider-making: Northern Spy and Golden Russet (Proulx &

Nichols, 1980). Vermont ciders had three clusters (red, yellow, and

blue clusters) inconsistently including sensory biterms, although the

yellow cluster included the majority of sensory-related terms (see

Figure 7c). For example, Figure 7c shows the blue cluster including

the terms “sweet” and “fresh” and the red cluster including the term

“flavor.” This suggests that Vermont cider products may use sensory-

related language in a way that is unclear on their website descriptions.

We elaborate on the inconsistent occurrence of these and other terms

in the following section.

4 | DISCUSSION AND CONCLUSIONS

The present study aimed to explore the language used by cider pro-

ducers to explain and market their products via website descriptions

for cider products in three primary cider-producing states in the

F IGURE 4 Term frequency-inverse document frequency (tf-idf) of terms from website descriptions were compared across the two most
common packaging formats, cans and bottles revealing that bottled ciders tend to emphasize terms clearly related to apple varieties, chemistry,

and fermentation processes. Packaging formats accounted for in the visualization must have been explicitly indicated on the cidery websites.
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Northeast and Mid-Atlantic US. This study objective was accom-

plished using two text-mining approaches: frequency-based and BTM

workflows which were selected for their accessibility and applicability

to small-scale language projects. In general, text frequency, tf-idf, and

BTM produced meaningful insights regarding the patterns of commu-

nication and marketing on cider website descriptions. The BTM

approach was particularly effective at reporting coherent and consis-

tent themes across website descriptions with some limitations, and

both text mining approaches were valuable for uncovering patterns

related to descriptive sensory language. As we demonstrate in detail

below, these relatively simple text-mining approaches can be imple-

mented with low cost and overhead by sensory scientists in a number

of circumstances. For example, as was the case in this study, a text-

mining approach can be extremely useful in getting a “first look” at a

category's possible sensory attributes when a category has relatively

little information published about it. Text mining is also extremely

valuable as an alternative or additional method for exploring how sen-

sory language is used in vivo: what terms and terminologies are impor-

tant for product users and consumers outside of the laboratory.

The first portion of the text mining procedures involved simple

frequency analyses of apple varieties used and discussed in products

from Virginia, Vermont, and New York, as well as across different

packaging formats. Frequency analyses revealed that different apple

varieties are used with different frequencies across the three states

(see Figure 1). The observations of certain apple varieties being more

common in certain states aligns with horticulture research regarding

how certain apple varieties are more prevalent and successful in cer-

tain regions (Miles et al., 2020; Ostrom et al., 2022; Peck &

Knickerbocker, 2018). Because apples can be unique to a place, and

because cider products can have significant sensory differences as an

effect of apple varieties and place (Calvert, Neill, et al., 2022; Littleson

et al., 2022), it may be relevant for cider producers and marketers to

clearly communicate the apple varieties used in their products. Apple

varieties were also a coherent cluster predicted using BTM across all

website descriptions (see Figure 7). However, apple varieties were

only a coherent cluster for New York cider descriptions, not for Vir-

ginia and Vermont ciders (see Figure 7). Recent research has also

described consumers' increasing interest in local and regionally

sourced apples and historically significant apple varieties (Smith

et al., 2021; Yenerall et al., 2022) and so it may be valuable for cider

producers, particularly those in Virginia and Vermont, to emphasize

their use of regionally distinct apple varieties when applicable.

The present research also reveals broad findings related to the

language used to describe cider products across Virginia, Vermont,

F IGURE 5 A visualized network of the most frequently occurring bigrams from the cider website descriptions using connected nodes. This
visualization shows common bigrams in cider website descriptions primarily related to apple varieties, sensory quality, production processes, and
places. This visualization showcases some of the overarching topics across website descriptions.
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and New York overall. Cider product descriptions from all three states

include emphasis on sensory attributes, production information, and

geography based on findings from both the frequency-based text min-

ing and BTM. Results of the single-word tf-idf approach suggest that

Virginia cider products place more emphasis on food, New York cider

products place more emphasis on chemistry and apple varieties, and

Vermont cider products place more emphasis on proper nouns

(i.e., locations, product names, and brand names). BTM revealed that

food pairing was in fact a consistent topic among both Virginia and

New York products. Food-pairing information has been historically

and culturally common for wine, both on websites and on product

labels (Kelley et al., 2015; Mueller et al., 2010; Pettigrew &

Charters, 2006; Spence, 2020b), but is less common within the prod-

uct experience for beer (Martinez et al., 2017; Pettigrew &

Charters, 2006). As well, in the case of wine, food-pairing information

has been linked with higher consumer valuation (Kelley et al., 2015;

Pickering et al., 2022). Although food-pairing is becoming more popu-

lar in the craft beer industry (Arellano-Covarrubias et al., 2022;

Pettigrew & Charters, 2006; Spence, 2020b; Stoller, 2019), our results

of food-pairing information being a dominant topic in cider descrip-

tions may seem to suggest that cider producers are using food-pairing

information as a way to analog cider closer to wine in terms of prod-

uct expectations and valuation. The same predictions may also apply

to the use of apple varieties as a common topic among bottled (see

Figure 4) and New York products, which may be an artifact of regional

beverage and packaging trends given that New York is home to

11 American Viticultural Areas and was ranked third as the most wine

producing state in the United States in 2020 (Conway, 2022).

It is worth discussing that Figures 5 and 6 also reveal interesting

trends related to cider production as evidenced by the biterms “sec-
ondary fermentation,” “bottle conditioned,” “native yeast,” “wild

yeast,” and “wild fermentation.” These biterms suggest that the men-

tion of wild fermentation methods is becoming common in product

descriptions, presumably as a way to differentiate products. Wild fer-

mentation methods are also trending in wine-making and brewing

(Dillon et al., 2013; Molinet & Cubillos, 2020), though the details of

these processes are not well-understood nor is the use of process-

oriented terms regulated by industry stakeholders or governmental

organizations. To reemphasize, the “taste-process” biterm in Figure 5

suggests that cider producers use cider website descriptions to draw

connections between production methods and intrinsic sensory attri-

butes. These findings are consistent with consumer research on cider

F IGURE 6 A seven-topic (k = 7) biterm topic model of topics appearing across the whole corpus of data. Only coherent topics were labeled
manually by the researchers. Inside of each topic cluster, the line width indicates how commonly two terms were associated with each other as a
biterm. For example, “wild-fermentation” and “blend-cider” were terms commonly associated with each other. The orange, unlabeled cluster

represents one incoherent topic cluster which is normal for biterm topic modeling (BTM) (Wijffels et al., 2021).
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and other craft products demonstrating how consumers are interested

in cognitive, reflective sensory experiences that are supplemented

with cider-making information (Calvert, Neill, et al., 2022; G�omez-

Corona et al., 2016, 2017; Lahne & Trubek, 2014; Paxson, 2013).

Sensory terms were a meaningful feature of the present research.

Singular sensory terms were minimally showcased by tf-idf analyses

across each state in Figure 3 but were the most stable biterm topic

predicted with the BTM across the whole data corpus (see Figure 7).

This indicates that while few specific sensory terms are unique to

cider products from specific places, cider website product descriptions

consistently use sensory language. However, the sensory terms

shown in Figure 6 and Figure 7 (from the BTM) include fairly simple

descriptive terms (e.g., “fruit”) though sensory research on cider has

demonstrated an abundance of more detailed sensory terms, like

those that were unique to Virginia product descriptions (see Figure 3;

Calvert, Neill, et al., 2022; Cole et al., 2022; Littleson et al., 2022).

These findings suggest that the sensory language of cider marketing is

not emphatically descriptive, which may align with discussion of cider

descriptive language being unclear (Demmon, 2019; Fabien-Ouellet &

Conner, 2018).

In addition, the sensory terms “sweet” and “dry” both appear in

clusters separate from the distinctly labeled Sensory topic in Figure 6.

This may seem to suggest that ciders described as “dry” are also

commonly described according to how they are made, whereas ciders

described as “sweet” do not have any other clearly consistent descrip-

tive attributes. Interestingly, traditional style cider is often described

as less “sweet” than modern style cider (Alexander & Ewing

Valliere, 2020; Calvert, Neill, et al., 2022)—so, the co-occurrence of

“sweet” and “traditional” in the yellow cluster of Figure 6 reaffirms a

lack of clarity regarding the sweetness and dryness of cider products

in sensory communication (Calvert, Cole, et al., 2022; Kessinger

et al., 2020; Phetxumphou et al., 2020). Sensory quality is a driving

factor of consumer preference and willingness to pay for American

cider products (Cole et al., 2022; Kessinger et al., 2020; Tozer

et al., 2015), therefore it is crucial that sensory information be clear

and meaningful so that consumers can know what to expect from a

cider product before purchasing and consuming.

Although the present study was able to effectively use text min-

ing to explore common terms and topics used to market cider prod-

ucts in an online space, this research has broad limitations. Most

importantly, websites are not the primary means of conveying product

information between producers and consumers. In addition, this

research only uses website descriptions from Virginia, Vermont, and

New York as a snapshot of cider product descriptions in the

United States. Another limitation of the present research is that all

analyses conducted using frequency-based text mining and the BTM

F IGURE 7 Three, five-topic biterm topic models of topics appearing per state, across the whole corpus of data. Topics related to Production
and Sensory were consistent and coherent across all three states. New York (a) uniquely had a topic cluster related to Apple Varieties, confirming
the results of term frequency-inverse document frequency (tf-idf) seen in previous visualizations. Vermont products (c) did not have a coherent

Food-Pairing cluster but did have a cluster including specific places (i.e., “vermont” and “burlington”) and two clusters including flavoring-related
terms (i.e., “cranberry” and “dry-hop”).
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require data processing decisions that are unique to the research team

and heavily influential on the present findings (Jaeger &

Rasmussen, 2021; Vidal et al., 2022). For example, the pre-processing

steps taken in the present research included lemmatization, removal

of common stop words, and selection of specific parts of speech

(i.e., nouns, adjectives, and verbs), which were done to reduce data

sparsity and allow for more coherent topic formation from the BTM.

With the frequency-based text mining methods, procedures were

closely adapted from Silge and Robinson (2017) though wrangling

techniques unique to the data-set and chosen by the researchers

were also necessary (i.e., filtering out “NA” when not relevant to the

scope of the analysis in question). Other data manipulation and wran-

gling steps could have been conducted to deepen or change the infor-

mation shown in the data visualizations, including running tf-idf

across all packaging formats or running more general frequency ana-

lyses. Nonetheless, both the tidy-text mining and BTM approaches

were valuable for understanding broad themes and patterns across

cider website descriptions for products from Virginia, Vermont, and

New York.

More broadly, the present research offers a framework for the

use of frequency-based and BTM approaches for exploring sensory

language in the context of marketing and product descriptions. With

the hard cider industry as a case study, sensory scientists in research

and specialized industries can use this research as a framework for

quickly and efficiently exploring how sensory descriptive language is

used across food and beverage products—results that can then be

used to support other sensory testing protocols and quality assurance

programs. For example, these text mining tools could be used to rap-

idly generate sensory lexicons that could then be used as a starting

point for panel training or rapid descriptive profiling. Future work

should be conducted to show how the described text mining tools can

be adapted to more thoroughly extract sensory terms and can be used

in conjunction with or to support panel training, lexicon development,

and rapid descriptive profiling. With BTM and frequency-based

approaches, text mining is a multifaceted tool that can both support

sensory research and provide meaningful product-specific insights.
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