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Abstract

Little is known about why smelly foods have been maintained for long periods of time despite their unpleasant
smell. Previous research suggests that regional background and family environment during upbringing
influence food selection. Based on those findings, we hypothesized that living in a region where traditional
smelly foods are produced and consumed during one's childhood would enhance the recall of such foods in
adulthood. Additionally, we proposed that this childhood experience would positively influence the effect of
marriage on an individual’s recall of smelly foods. We selected kusaya as the chosen smelly food and
examined how, as the main effect, living in the Kanto region of Japan until the age of 20 impacts an
individual’s kusaya recall. Furthermore, we explored the moderating effect of this upbringing on kusaya
recall and marital status by sequentially inputting variables into a logistic regression model. Both effects were
confirmed. This study contributes to the understanding of how characteristic smelly foods can be preserved
by clarifying the factors that enhance their recall, using kusaya as an example.

Keywords: regional smelly food, kusaya, reinforcement of memories, childhood region, natural language
processing

1. Introduction

Human appetite is enhanced by sensory cues, such as odor (Morquecho-Campos et al., 2020; Ramaekers, Boesveldt,
Gort, et al., 2014; Ramaekers, Boesveldt, Lakemond, et al., 2014), and controlled by proteins (Morquecho-Campos et
al., 2020) and calories (Zoon et al., 2016). Foul smells emanating from food provide information about the presence
of uncooked, putrid, or poisonous substances. However, we somehow continue to eat smelly food. For instance,
surstrdomming, a lightly salted fermented fish dish from Sweden, was invented owing to limited salt availability
(Belleggia et al., 2020; Skara et al., 2015). Similarly, in Japan, a lack of salt in fish processing led to the creation of a
fermented fish dish known as kusaya (Simidu et al., 1967). Although salt deficiency is no longer an issue in Sweden
or Japan, surstromming and kusaya are still consumed.

Why are these malodourous foods still consumed? We considered the influence of the local area on residents' food
choices, because the region may impact the integrated conceptual model of food choice (Chen & Antonelli, 2020).
According to Chen and Antonelli (2020), food choice is influenced by a combination of factors, including internal
factors (sensory and perceptual features), external factors (information, social environment, and physical
environment), personal state (biological features and physiological needs, psychological components, habits, and
experiences), cognitive factors (knowledge and skills, attitude, likes and preferences, anticipated consequences, and
personal identity), and sociocultural factors (culture, economic variables, and political elements). The relationship
between region and food may also influence these food choice factors. For instance, external food factors may include
proximity to the production region and sociocultural factors may include food culture traditions. Likewise, food
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accessibility may influence the personal state factors of habit and experience, and more information about food may
influence cognitive factors of choice.

In fact, kusaya, a famously smelly Japanese food, is produced in the Izu Islands, including in its place of origin.

Kusaya is consumed primarily in the Kanto region (Fujii, 2011) centered on Tokyo (Edo), where it has been distributed
since its origination in the Edo period (Simidu et al., 1967). Funazushi is produced and consumed along the shores of
Lake Biwa (Fujii,, 1984). Natto, a fermented soybean product, is now widespread throughout Japan, although

previously there were regional differences in its production, processing, and consumption methods (Honma & Ishihara,
1996). These examples indicate that foods considered smelly are likely to continue being consumed in their place of
origin and in certain regions closely tied to that origin. We hypothesized that the reason for this is that the memory of
smelly foods is formed due to the influence of the region.

We further considered the period from the fetal stage to adolescence to be crucial for the formation of the memories
that individuals associate with smelly foods. For example, previous studies have illustrated that fetuses are affected
by maternal eating and drinking through the amniotic fluid (Faas et al., 2000, 2015; Hepper, 1995; Hepper et al., 2013;
Mennella et al., 2001; Schaal et al., 2000) and, in the case of infants, through breast milk (Hausner et al., 2010;
Mennella & Beauchamp, 1993, 1999; Spahn et al., 2019). Examples of foods that can lead to fetal effects during
pregnancy include alcohol (Faas et al., 2000, 2015), anise (Schaal et al., 2000), carrot juice (Mennella et al., 2001),
and garlic (Hepper, 1995; Hepper et al., 2013). Additionally, infants exhibit altered responses to the flavors of carrots
(Mennella & Beauchamp, 1999), garlic (Mennella & Beauchamp, 1993), and caraway (Hausner et al., 2010) after
experiencing them through breast milk. Moreover, exposure to garlic in the amniotic fluid during pregnancy has been
illustrated to alter eating behavior in eight- to nine-year-old children (Hepper et al., 2013), suggesting that
experiencing smelly foods during fetal life through the amniotic fluid may have unexpectedly long-lasting effects.

Children are also more likely to base their food choices on the foods their parents gave them as children, even after
they reach college age (Unusan, 2006). For the vast majority of foods, significant associations have been observed
between perceived recollection of the frequent consumption of foods in childhood and current preferences in
adulthood, including nutritious foods such as vegetables (Wadhera et al., 2015). These studies indicate that dietary
habits from fetal development through adolescence influence food choices later in life. Furthermore, since parental
food choices may be influenced by regional factors, it is conceivable that children are also indirectly affected by
regional influences. Therefore, we hypothesized that the region where an individual spends their childhood through
adolescence influences their food memories later in life. Therefore, this study focused on the impact of the
sociocultural environment of the residential area on memory formation, rather than the mechanisms of direct fo od
transmission within families.

This study aimed to examine regional influences on the preservation of traditional smelly food in the present day. We
posited that children raised in regions where traditional smelly foods are produced and consumed acquire experiences
related to these foods through regional influences from the fetal stage through adolescence and, consequently, they
are more likely to recall smelly food as adults, with its scent acting as a sensory cue. Hence, it may be easier to recall
smelly food when the word “smelly” is used to describe it.

To test this hypothesis, it would be desirable to explore memories of food experiences related to the region. However,
people tend to have few memories of events from before the age of 7, and even fewer from ages 3—4 or younger (Bauer,
2015), which could bias recall of when they first encountered smelly food. Therefore, we decided to investigate the
effect of region on smelly food recall using place of residence up to the age of 20, instead of smelly food experiences
related to the region. Specifically, we tested the following hypothesis.

Hypothesis I: Living until the age of 20 in a region that produces and/or consumes traditional smelly food reinforces
an individual’s recall of that food when asked about smelly food as an adult.

Despite the importance of early childhood experiences, we focused on the place of residence up to age 20. The period
before age 20 might be spent in a stable food environment based on family and community, making it less susceptible
to the influence of personal preferences or choices driven by independence. Furthermore, the legal drinking age in
Japan is 20 years or older. Smelly foods, such as kusaya (Fujii, 2011; Nakazato et al., 1995) or funazushi (Fujii,, 1984)
are consumed as drinking snacks in many cases. Therefore, this age can be considered a potential transition point
between a family-centered diet during the minor years and a social eating environment involving alcohol consumption.
In Japan, high school and university graduation occur around age 20, and many individuals leave their family home
upon employment or further education, potentially altering their subsequent dietary habits. Therefore, we considered
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the place of residence before age 20 to most accurately reflect regional influences. Furthermore, in addition to regional
influences during adolescence, life events such as marriage may also affect how people recall odorous foods because
the family formed through marriage includes non-blood relatives who may have different perceptions of odors and
food preferences.

Therefore, we considered the effect of marriage on an individual’s recall of smelly food. Marriage introduces non-
blood relatives, such as spouses and in-laws, to the family. These non-blood relatives are more likely to have genetic
differences in how they perceive smells (Keller et al., 2007; Lunde et al., 2012; Mainland et al., 2014; McRae et al.,
2013; Wysocki & Beauchamp, 1984), potentially leading to differing food preferences (Frank & van der Klaauw,
1994). Since food smells diffuse, differences in smell preferences among family members may make it challenging to
eat foods with strong odors.

However, participants may be encouraged to try traditional smelly foods by new family members from the same
hometown, and new family members from different hometowns may be interested in foods produced or consumed in
the participant's hometown, giving participants the opportunity to try traditional smelly foods. Participants who
experienced these foods as children and have retained memories of them may recall these foods when their new family
members offer them or when they try to avoid their smell. We hypothesized that post-marital recall would strengthen
childhood memories of traditional smelly foods. In fact, research in mice (Fukushima et al., 2014) and humans
(Forcato et al., 2011) depicts that memories can be strengthened through reconsolidation after recall. Therefore, we
tested the following hypothesis.

Hypothesis II: People who lived in an area where traditional smelly foods were produced and consumed until the age
of 20 improve their ability to recall these foods after marriage.

In summary, the purpose of this study was to test two hypotheses regarding regional influences on smelly food recall
to provide insights into why memories of smelly food are passed on in the neighborhoods where these foods originated.
Simultaneously, the results may have implications for how traditional smelly food should be preserved in the future.

2. Methods

2.1 Participants

This study was approved by the Ethics Review Committee for Life Science Research in BIPROGY Inc. (ID: 2020 -
002, approved with conditions on March 24, 2020; conditions were removed on May 21, 2020). The survey was
conducted via a website from August 6 to September 8, 2021, targeting people living in Japan. The number of recruits
was stratified using Basic Resident Registration population data (Ministry of Internal Affairs and Communications,
Japan, 2021) to approximate age (20—59 years, in 5-year increments), gender, and prefecture of residence of the
participant group to be recruited to the Japanese population distribution.

Participants were recruited through an Internet research service (iBRIDGE Corporation, 2021). Web-based
instructions were presented to the participants before they completed the questionnaire. We received responses from
5,485 participants, who were all recruited. Finally, data from 4,926 respondents were used for the analysis after
excluding fraudulent respondents. Although no personal information was collected, participants were assigned an ID
to prevent multiple responses from a single participant (iBRIDGE Corporation, 2021). The participants’ age, gender,
marital status, presence of children, occupation, levels of household income, current address (prefecture), and house
ownership status were obtained from annual survey data from the Internet research service (iBRIDGE Corporation,
2021). The participants’ demographic information is presented in Table 1.

2.2 Questionnaire

The questionnaire survey was conducted in Japanese. Participants’ recall was measured by determining whether
participants could name a type of smelly food. Specifically, participants were asked to name one smelly food in the
open-ended response section of the web-based survey. In addition, they were instructed to respond, “I do not know,”
if they did not know or could not recall the name of a smelly food.

Additionally, participants were asked to indicate the province in which they had lived the longest before the age of

20, whether they ate breakfast and/or dinner with adults during their childhood, their highest level of schooling, and
whether they had consumed alcohol or smoked in the past year.
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Table 1. Participants’ demographics and characteristics

All Women Men
n % n % n %  pf
Total population 4926 2464 2462
Region of residence until the age of 20 1
Hokkaido 228 5 114 5 114 5
Tohoku 383 8 191 8 192 8
Kanto 1520 31 748 30 772 31
Chubu 860 17 435 18 425 17
Kinki 911 18 457 19 454 18
Chugoku 297 6 146 6 151 6
Shikoku 163 3 90 4 73 3
Kyushu 564 11 283 11 281 11
Region of current residence 1
Hokkaido 196 4 99 4 97 4
Tohoku 301 6 150 6 151 6
Kanto 1799 37 885 36 914 37
Chubu 821 17 405 16 416 17
Kinki 884 18 453 18 431 18
Chugoku 260 5 131 5 129 5
Shikoku 136 3 67 3 69 3
Kyushu 196 4 99 4 97 4
Marital status <.001
Married 2663 54 1428 58 1235 50
Unmarried 2263 46 1036 42 1227 50
Presence or absence of children <.001
Have children 2274 46 1227 50 1047 43
No children 2652 54 1237 50 1415 57
Ea.ting breakfast with adults in <01
childhood
Yes 3744 76 1817 74 1927 78
No 1182 24 647 26 535 22
Eating dinner with adults in childhood <.01
Yes 4540 92 2303 93 2237 91
No 386 8 161 7 225 9
Highest education level <.001
Junior high school 180 4 77 3 103 4
High school 1521 31 771 31 750 30
Vocational certificate 761 15 431 17 330 13
(continued)
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Table 1. (Continued)

All Women Men
n % n % n %  pf
Associate degree 499 10 417 17 82 3
Bachelor’s degree 1708 35 701 28 1007 41
g:;f;: degree/six-year college 138 4 46 ) 142 6
Doctor of Philosophy 69 1 21 1 48 2
Job type <.001
Regular employee 2275 46 699 28 1576 64
Temporary employee 924 19 699 28 225 9
Self-employed 306 6 105 4 201 8
Homemaker 597 12 589 24 8 0
Student 206 4 94 4 112 5
Unemployed 287 6 134 5 153 6
Others 331 7 144 6 187 8
Household income <.001
Less than 2 million yen 667 14 368 15 299 12
2—4 million yen 1205 24 646 26 559 23
4—6 million yen 1242 25 578 23 664 27
6-8 million yen 817 17 423 17 394 16
8—10 million yen 478 10 225 9 253 10
10-12 million yen 210 4 101 4 109 4
More than 12 million yen 307 6 123 5 184 7
House ownership <.01
Own 2853 58 1406 57 1447 59
Rent 1774 36 938 38 836 34
Other 299 6 120 5 179 7
Drinking in the past year <.001
Yes 3010 ol 1378 56 1632 66
No 1916 39 1086 44 830 34
Smoking in the past year <.001
Yes 1175 24 363 15 812 33
No 3751 76 2101 85 1650 67

Note. The median participant age was 42 years (lower quartile = 32, upper quartile = 50) with no significant
difference by gender. fp-value of Fisher’s exact test was adjusted for multiple tests using the Bonferroni correction.

2.3 Standardization of food names

To account for individual differences in the level of detail provided in food name descriptions, food names were
standardized into simpler, shorter common names. Specifically, we created a thesaurus of food names; similar foods
were grouped accordingly. The food names included as entries were sourced from literature on food preferences in
Japan (Esumi, 2000; Fuzihara & Banba, 2014; Hatanaka & Nunomi, 2019; Higashiguchi, 2019; Horio, 2012, 2014;
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Kobayashi et al., 2016; Kosugi & Horio, 2005; Mitsuhashi et al., 2008; Ogawa & Nakazawa, 2018; Shimoda, 2011;
Suzuki et al., 2013; Tateyama et al., 2013; Toyomitsu et al., 2004) and the 2015 Standard Tables of Food Composition
in Japan (Ministry of Education, Culture, Sports, Science and Technology, Japan, 2015), which was updated in 2019.
We used Wikipedia redirection to extract synonyms for the items by identifying words that were redirected to the
same page. If a common food name was not included in the thesaurus, it was manually added as an entry. Multiple
entries that were considered synonymous were manually combined into one common entry. If the food name
mentioned by the participant was not found in the dictionary, it was included in the item list and the thesaurus.

2.4 Natural language processing

The utility of natural language processing has been demonstrated in the taxonomy of olfactory terms (Castro et al.,
2013; Dravnieks, 1985; Iatropoulos et al., 2018; Kumar et al., 2015). In this study, we used latropoulos et al.’s (2018)
olfactory association index (OAI; Iatropoulos et al., 2018) as a reference to create a relationship index between odor
terms and food names tailored to the study’s objectives. The procedure is described below.

2.4.1 Odor terms

First, we extracted smell terms as a group of words belonging to the synsets of “smell” search results in the Japanese
WordNet (Isahara et al., 2008), excluding 05844282 -n (six kinds of quarks) and 14526182-n (the general atmosphere
of a place or situation and the effect it has on people). Next, among the smell terms, we extracted, as odor terms,
words that were not included in the word groups belonging to the synsets 05714466-n (a distinctive odor that is
pleasant), 04980463-n (a pleasingly sweet olfactory property), and 01052248-a (pleasant-smelling), but were included
in the word groups belonging to the synsets 05714894-n (a distinctive odor that is offensively unpleasant) and
01053634-a (offensively malodorous) in the Japanese WordNet. Subsequently, smell terms that were listed as
unpleasant odors in the Weblio Japanese Dictionary (GRAS Group, 2021) were included. Finally, odor terms that
excluded one-character kanji, which are easily used as names of people or stores, were used for the co-occurrence
analysis with food names using Twitter (Currently: X) data.

2.4.2 Corpus

We used Twitter data as a corpus, randomly sampled at a rate of 1% from the global timeline over five years, from
January 1, 2016, to December 31, 2020. Although the corpus contains tweets from around the world, the natural
language processing was only focused on Japanese. The Twitter data were filtered using words commonly found in
commercial tweets, resulting in 660,475,069 tweets. These tweets were preprocessed by removing URLs, hashtags,
and unnecessary symbols.

2.4.3 Software and dictionary

Apache Solr version 8.5.2 (The Apache Software Foundation, 2021), an open-source full-text search platform, was
used to index and retrieve tweets. Since Japanese text does not mark word boundaries with spaces, morphological
analysis (word segmentation and normalization) was performed using Solr’s built-in Kuromoji tokenizer (Atilika Inc.,
2018). To improve recognition of neologisms and proper names, we used the mecab-ipadic-NEologd dictionary (Sato
et al., 2017), a lexical resource for MeCab (Kudo, 2006), a Japanese morphological analyzer. Words that could yield
false positives as odor terms were included in Apache Solr's word removal list.

2.4.4 Relationship index between odor terms and food names

First, we searched for tweets containing both food names and odor-related terms as co-occurrences using Apache Solr.
Using MeCab (Kudo, 2006; Kudo et al., 2004) for morphological analysis and CaboCha (Kudo, 2005; Kudo &
Matsumoto, 2002b, 2002a) for dependency parsing, we calculated the distance between odor terms and food names
based on their grammatical relations. Tweets in which the two terms appeared within an empirically determined
distance threshold were retained as co-occurrences. For each food item, we calculated the ratio of tweets mentioning
both the food and an odor term to the total number of tweets mentioning that food, counting only one tweet per user.
This ratio serves as an index demonstrating how strongly each food is associated with particular odors in people's
tweets.

2.5 Statistical methods

2.5.1 Smelly Food Index

To test Hypotheses I and II, we developed the Smelly Food Index for this study to select smelly foods. The Smelly
Food Index was calculated by multiplying the ratio of responses to a descriptive questionnaire for each smelly food
with the strength of the relationship between “smelly” and the smelly food’s name in the corpus, including synonyms.
We used a Smelly Food Index because a selection based on the descriptive questionnaire alone might include foods
that are easy to recall but not particularly smelly. As the number of descriptive questionnaires affects the accuracy of
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the hypothesis testing, the selection was limited to the top 10 foods in the responses. Specifically, 10 foods with the
highest number of responses were selected from the names of foods described as smelly in the questionnaire, and the
ratio of each food name in the valid responses was calculated as the food recall index. Next, the relationship index
between odor terms and food names was calculated for the 10 foods using Twitter data in Japan from 2016 to 2020 as
a corpus (the method is described in Section 2.4.2). Finally, to calculate the Smelly Food Index, we multiplied the
food recall index for each food name by the relationship index determined by Twitter data. The formula is as follows:

Res of Food Users of Odor&Food Tweet
Number of valid responses Users of Food Tweet

Smelly Food Index =

ki

where Res of Food is the number of responses for each food.

2.5.2 Software

Microsoft Excel (Microsoft Corporation, 2018) was used to remove inappropriate responses and convert questionnaire
responses into item names using a food thesaurus. Statistical analyses were performed using R version 4.3.1 (R Core
Team, 2022) and R libraries (Lenth, 2023; Liidecke et al., 2021).

2.5.3 Variables

We selected the smelly food with the highest Smelly Food Index ranking to determine the effect of residence during
childhood in the region in which the smelly food is produced and/or consumed on the recall of smelly food. The
objective variable was the recall of a smelly food. The explanatory variable was the participant’s residence until the
age of 20 in the region that produced and/or consumed the smelly food. Prefectural names were converted to eight
major regions in Japan (Hokkaido, Tohoku, Kanto, Chubu, Kinki, Chugoku, Shikoku, and Kyushu) before creating
the explanatory variables. The control variables included the following self-reported variables: age, gender, marital
status, having children, having breakfast with an adult as a child, having dinner with an adult as a child, seven levels
of education, five types of occupation, seven levels of household income, residing in one’s own home, alcohol
consumption, smoking, and current region of residence. Marital status was not only used as a control variable but also
to examine the moderating effect of place of residence until age 20 on the recall of smelly food.

2.5.4 Hierarchical binomial logistic regression analysis

A hierarchical binomial logistic regression analysis was used to determine the effect of living as a minor in the region
in which the smelly food is produced and/or consumed on smelly food recall. A likelihood ratio test of deviance was
performed to test whether entering the variables significantly improved the regression model’s fit. We adopted o =
0.05 as the significance level. In Step 1, control variables were entered into the null model. In Step 2, a variable for
the region of the participant’s primary residence until the age of 20 was entered to determine the main effects on their
smelly food recall. In Step 3, an interaction term between marital status and the region of primary residence until the
age of 20 was entered into the main effects model to test the moderating effect of the region of primary residence until
the age of 20 on the association between marital status and smelly food recall. If the interaction term in Step 3
significantly improved the model, subsequent multiple comparisons of the interaction were performed. The
comparisons utilized odds ratios calculated using the emmeans (estimated marginal means) library (Lenth, 2023;
Searle et al., 1980) to estimate the moderating effect of the region of residence until age 20 on the association between
marital status and smelly food recall.

3. Results

3.1 Results for the descriptive statistics

First, the top 10 foods were selected based on the response ratio of food name synonyms per valid responses to the
descriptive questionnaire. Table 2 details the number and response ratio of food name synonyms in the descriptive
questionnaire, the number of tweets containing food name synonyms, the number of co-occurrences of odor terms and
food name synonyms, the co-occurrence ratio of odor terms and food name synonyms per food in tweets, and the
Smelly Food Index, calculated by multiplying the response and co-occurrence rates. Natto (.423) had the highest
response rate. Surstromming (.089) had the highest Twitter co-occurrence rate, and kusaya had the highest ranking in
the Smelly Food Index (1.93 x 102, Table 2). Therefore, we selected kusaya as the target for subsequent analyses.

3.2 Main effect of region on recall of kusaya

According to a study from 1967 (Simidu et al., 1967), the remote islands of Niijima and Oshima, which are included
in the Kanto region, are the main production areas for kusaya, although the Kanto region itself is the main consumption
area for kusaya. Furthermore, a study from 2011 (Fujii, 2011) reported that it is highly valued as a snack with alcohol,
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particularly in the Kanto region. In fact, the response rate for kusaya was highest among participants whose primary
residence was in the Kanto region until the age of 20 (Figure 1).

Table 2. Top 10 smelly foods in Japan

Order Food Questionnaire Twitter Questlop natre x
name Twitter
Answers for T;;zzts Tweets about
“smelly food” smelly food Smelly Food
food
Index
Number  Ratio® Number Number Ratio®
1 Kusaya 1239 271 2172 155 .071 1.93x 1072
2 Natto 1936 423 106093 1577 .015 6.29x 1073
3 Garlic 124 .027 101867 7783 .076 2.07x 107
4 Durian 202 .044 6639 230 .035 1.53x 1073
5 Surstromming 46 .010 1231 110 .089 8.99x 10
6 Kimchi 116 .025 52591 709 .013 3.42x 10"
7 Fish 56 012 220335 3170 014 1.76 x 104
8 Blue cheese 47 .010 7527 86 011 1.17x10*
9 Cilantro 65 014 42086 304 .007 1.03x 10*
10 Cheese 77 .017 188781 676 .004 6.03x 10°°

Note. Bold: major smelly food. Participants who responded with “I do not know” (n = 347) and/or provided more
than two responses when one was required (n = 6) were excluded from the top 10 calculation; however, they were
included in subsequent analyses because their responses were not incorrect. “Response ratio of food name synonyms
per valid responses, *Co-occurrence ratio of odor terms and food name synonyms per food in tweets.

0.1 4

Kusaya ratio per valid answer

0.05 A

Hokkaido Tohoku Kanto  Chubu Kinki  Chugoku Shikoku Kyushu

a) Bar graph of kusaya ratio per valid answer
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Kyuisyu (OKkinawa)

b) A map of Japan consisting of eight regions

Figure 1. a: Kusaya response rate by region. The height of the bar indicates the ratio of kusaya responses per valid
responses in each of the eight regions in the smelly food questionnaire. The straight line at the top of the bar
represents the standard error. b: A map of Japan divided into eight regions to aid geographical understanding of each
region.

Therefore, we chose the Kanto region as the area to examine the effect of living there until the age of 20 on the recall
of kusaya. Next, we analyzed the effect of the variable childhood region (Kanto); the Kanto region was used as the
participant’s primary residence until the age of 20 on the questionnaire response regarding kusaya under the control
variables. Specifically, we examined the effect of the variables based on the change in the degree of deviance (AD)
when they were entered into the logistic regression model with the response of kusaya as the objective variable, as
depicted in Table 3.

Table 3. Hierarchical multiple logistic regression analysis predicting recall of kusaya as a smelly food from
attributes, region of childhood residence, and their interaction.

e w s o
Step 1 5337 -219.94 %%
Control variables -
Step 2 5325 -1 1.25%%*
fﬁ;ﬁg‘)":d region 0.37%%* [0.15-0.59]
Step 3 5303 -22.18%**
Marital status x childhood 0.66%** [0.38-0.93]

region (Kanto) *
Note. AD: Difference in residual deviance, *: Participants who lived in the Kanto region until the age of 20.
skokosk
p <.001.

Control variables, including marital status and current region (Kanto)—the variable of the current address in the Kanto
region—were input into the null model in Step 1. In Step 2, the deviation of the model was significantly reduced (AD
=-11.25, p <.001) when childhood region (Kanto) was included in the Step 1 model. In addition, the main effect of
childhood region (Kanto) on kusaya responses in the Step 2 model was significant in the positive direction (B = 0.37,
z=3.34, p <.001) (Table 3). Therefore, the participants’ residence in the Kanto region until the age of 20 increased
their recall of kusaya as a smelly food in the questionnaire.
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3.3 Interaction between marital status and childhood residence on recall of kusaya

We examined the moderating effect of living in the Kanto region until the age of 20 on the association between marital
status and recall of kusaya as a smelly food using the interaction term entered into a hierarchical multiple regression
analysis. We tested the model in Step 3 by adding an interaction term between childhood region (Kanto) and marital
status to the model in Step 2, comprising control variables and childhood region (Kanto) until the age of 20 (Table 3).
As a result, the degree of deviance in Step 3 in the model was significantly improved (AD = -22.18, p < .001) from
Step 2, and the coefficient of the interaction was also statistically significant (B = 0.66, z =4.70, p <.001) (Table 3).
Therefore, multiple comparisons were performed using the interaction term between childhood region (Kanto) and
marital status in the Step 3 model (Table 3).

The results are presented in Table 4. These findings demonstrate that married participants who lived primarily in the
Kanto region until the age of 20 were more likely (OR = 1.45, 95% CI [1.04-2.01]) to recall kusaya compared to the
unmarried participants. Conversely, married participants who lived primarily outside the Kanto region until the age
of 20 were less likely (OR = 0.75, 95% CI [0.57-0.98]) to recall kusaya than unmarried participants.

Table 4. Moderating effects, by marital status, of living in the Kanto region up to age 20 on changes in the
probability of naming kusaya when asked to name a smelly food.

: , : Married Single
Region of residence until the age of 20
OR 95% CI
Kanto 1.45% [1.04-2.01] Reference
Outside of Kanto 0.75% [0.57-0.98] Reference

Note. Results are averaged over the levels of other attributes using the emmeans library in R (Lenth, 2023). The
confidence level is 0.95. Intervals are back-transformed from the log odds ratio scale. Tests are performed on the log
odds ratio scale. Confidence intervals and p-values are adjusted for four multiple comparisons using the Bonferroni
correction. We also analyzed the moderating effect of marital status on the relationship between recall of kusaya and
residence in the Kanto region until age 20; these results are not shown.

*p <.05.

4. Discussion

In considering the preservation of smelly traditional foods in communities, we hypothesized that residence in a region
in which smelly food is produced and/or consumed during childhood would help people remember—and later recall—
information about the smelly food, including its odor. This hypothesis is based on the results of previous studies, such
as the integrated conceptual model of food choice (Chen & Antonelli, 2020) and the influence of food experiences
through fetal (Faas et al., 2000, 2015; Hepper, 1995; Hepper et al., 2013; Mennella et al., 2001; Schaal et al., 2000),
infant (Hausner et al., 2010; Mennella et al., 2001; Mennella & Beauchamp, 1993, 1999), and juvenile (Loth et al.,
2016; Rodenburg et al., 2012; Unusan, 2006; Wadhera et al., 2015) life on future food choices, leading us to consider
the possibility that region may influence an individual’s memory and recall of foods through family.

Furthermore, we examined the effect of marital status on smelly food recall. First, some participants who had
experienced traditional smelly foods as children would remember them, either consciously or subconsciously.
Additionally, we assumed that the memory of these foods would be recalled and reinforced by subsequent
reconsolidation (Forcato et al., 2011), even if the participants were encouraged to eat these smelly foods by their
families or if they tried to avoid these foods in consideration of the new family's sense of smell. Finally, we
hypothesized that marriage would positively affect the current recall of the smelly food by participants who
experienced this food as children. However, it is difficult for participants to verbalize memories of experien ces from
the fetal stage to early childhood (Bauer, 2015). Therefore, we constructed a hypothesis by substituting memories of
smelly food experiences up to the age of 20 with the residential region until the age of 20.

Traditional smelly food and the region of its production and/or consumption were selected to test these hypotheses.
We selected kusaya as a representative traditional smelly food in Japan, with the Kanto region identified as the primary
area for its consumption and production. Kusaya was ranked first in the Smelly Food Index, but it ranked second in
the response rate for the descriptive questionnaire (Table 2). Natto topped the list in the descriptive questionnaire on
smelly food (Table 2). One reason natto is so easy to recall is its widespread production and availability across Japan,
making it easily accessible to people nationwide. However, unlike kusaya, it is difficult to identify the production and
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consumption region of natto. Therefore, even if the foods in this study had been selected using a descriptive
questionnaire, kusaya would probably have been chosen instead of natto.

Hierarchical regression analysis demonstrated that living in the Kanto region until the age of 20 had a positive effect
on recalling kusaya as a smelly food, even after controlling for the influence of current address (Table 3). This finding
confirms Hypothesis 1. Notably, while kusaya is a highly valued snack that accompanies alcoholic beverages (Fujii,
2011; Nakazato et al., 1995), it may seem surprising that the recall of kusaya is influenced by the participants’
childhood residence, given that drinking alcohol is prohibited in Japan until the age of 20. Although minors might not
have many opportunities to eat kusaya, the strong odor emitted by this food when roasted before consumption can
spread throughout the house. Therefore, the process of cooking kusaya may transmit the smell of the food to minors
in the family. In addition, flying fish, which is one of the main ingredients of kusaya, was mentioned in a nineteenth-
century book as being included in a celebration meal for a baby’s safe delivery (Iijima, 2014); even today, a web page
for a kusaya shop (Osada Shoten, 2000) continues the legend that flying fish improves the milk supply of nursing
mothers. It is possible that nursing mothers who had heard this legend had kusaya made from flying fish, allowing the
smell to be passed on to their infants through breast milk. Thus, the participants’ residence in the Kanto region when
they were minors may have increased the likelihood of them experiencing the smell of kusaya. However, these ideas
are merely speculative. Furthermore, although we controlled for 17 variables in hierarchical multiple regression
analysis, including alcohol consumption and current region of residence, these represent only a small portion of the
respondents' experiences affecting memory. Therefore, we cannot rule out the possibility that the effect of residing in
the Kanto region until age 20 is confounded. To eliminate the influence of post-adult experiences, an analysis limited
to the minor years would be necessary. However, since all participants in this study were adults, such an analysis
could not be performed.

In the interaction analysis, among participants who lived in the Kanto region until age 20, married individuals recalled
kusaya more readily than single individuals. Conversely, among participants who lived outside the Kanto region until
age 20, married individuals recalled kusaya less readily than single individuals (Table 4). This may be because the
influence received from the region up to age 20 created differences in the frequency of opportunities to eat kusaya
after marriage between those who lived in the Kanto region until age 20 and those who lived outside the Kanto region
until age 20. Alternatively, due to influences received from their region until age 20, married individuals who resided
in the Kanto region until age 20 may have had increased opportunities to recall memories of kusaya, while married
individuals who resided outside the Kanto region until age 20 may have had increased opportunities to recall memories
of other smelly foods. Or, even if both groups had the same post-marriage opportunities to recall kusaya, the presence
or absence of prior kusaya memories may have influenced the strengthening of those kusaya memories. Although
many of these hypotheses remain speculative and have not been proven within this study, these results suggest that
the region where participants lived during childhood may have influenced the formation of memories associated with
odorous foods, and that such memories may have been reinforced by marriage.

This study sought to explain why smelly food is preserved in production and consumption areas by looking at the
impact of memories from one's childhood place of residence. First, we indicated the possibility of the effect of the
place of residence up to the age of 20 on the recall of kusaya. In addition, the interaction between place of residence
up to age 20 and marital status led us to speculate that marital status may have reinforced participants’ recall of kusaya.
This study contributes to the literature on the preservation of smelly foods produced and consumed in limited regions
by providing information to examine factors related to the inheritance of memories associated with such foods within
communities.

4.1 Limitations
This study focused only on one food, kusaya. Therefore, we cannot claim that a generalization of this study’s findings
would allow for direct application of the results to other smelly foods with regional characteristics.

This cross-sectional observational study explored the factors that influence the recall of smelly food but, we could not
clarify causal relationships. The hypotheses were based on inference owing to the paucity of previous studies on the
sustainability of smelly food in society. In particular, the effects of marital status on kusaya recall remain unclear.

This study hypothesized that participants who lived in the Kanto region until age 20 would experience memory
reinforcement due to increased recall opportunities for kusaya after marriage. However, since it has not been proven
that recall opportunities for kusaya increase after marriage, proving memory reinforcement is also difficult. What can
be clearly stated is this fact: married individuals who resided in the Kanto region until age 20 are more likely to recall
kusaya as a smelly food compared to single individuals, while married individuals who resided outside the Kanto
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region until age 20 are less likely to recall kusaya than single individuals. While it is clear that the influence of family
and community in childhood is mediated through memory, we used the place of residence as a proxy variable for
memory. In the Introduction, we cite prior research on food transmission within families. However, this study focused
on the impact of the regional sociocultural environment on memory, rather than the direct influence of family (e.g.,
shared food experiences between parents and children, family eating habits). Therefore, the details of the transmission
mechanism mediated by the family remain unclear.

Furthermore, while this study includes information on primary residence areas up to age 20, it does not contain data
on regional mobility during that period. Additionally, information on post-marriage residence and residence at the
time of first alcohol consumption is also missing. Social and cultural factors associated with marriage, such as the
spouse's region of origin, preferences, and post-marriage household eating habits, were also not measured. It cannot
be ruled out that these factors influenced the recall of kusaya. Due to the inability to control for these confounding
variables, it is impossible to determine whether the association between marital status and recall of kusaya is causal
or merely an apparent correlation due to these unmeasured variables. Therefore, the interpretation of memory
enhancement through marriage should be positioned solely as an exploratory hypothesis. We also did not collect
information on participants' family dietary habits or food experiences with smelly foods during childhood, nor did we
record the images or specific contexts evoked when recalling kusaya. This lack of information also represents a
limitation of this study. Future research should combine qualitative research using interviews with the whole family
and quantitative research using questionnaires to clarify what happened to families before preschool age and after
changes in marital status. This study focused on adults to more easily replicate the age, gender, and prefectural
population ratios of the Japanese population, but future research will likely need to include participants below the
legal drinking age.

Although this study asked participants to describe only one smelly food as a method to measure recall, this method
may be limited because participants may have been able to recall foods that were not described. We asked participants
to provide simple responses because we believed that weighing the strength of recall and accuracy of responses for
each food item would be difficult if participants had multiple responses to several smelly foods (as many as they could
recall).

We used a Smelly Food Index, a combination of a descriptive questionnaire and natural language processing of tweet
data on Twitter, to select representative smelly foods found in Japan. Natural language processing of the tweet data
was used to correct the results of the descriptive questionnaire, which may be sensitive to recall, using the association
between odor and food in the text. Due to individual differences in olfaction and odor preferences, it was difficult to
measure “smelly” accurately. Therefore, it was difficult to validate the Smelly Food Index. However, the superiority
of the Smelly Food Index over the descriptive questionnaire may be proven in the future when both results are
compared between a human population and experts.

5. Conclusions

We developed two hypotheses to explain the persistence of traditional smelly food based on the integrated conceptual
model of food choice and the influence of the family on children’s food choices. The first hypothesis stated that
memories of living in a production/consumption region for traditional smelly foods up to the age of 20 would increase
the likelihood of recalling the relevant food as a smelly food. The second hypothesis posited that memories of
traditional smelly foods gained by living in a production/consumption region for these foods up to the age of 20 would
be reinforced after marriage. To test these hypotheses, we chose kusaya as the food and Kanto as the area of interest,
using the region of residence by age 20 as a surrogate variable of memory. The results of the hierarchical logistic
regression analysis demonstrated that living in the Kanto region until age 20 increased the likelihood of recalling
kusaya as a smelly food and confirmed the positive moderating effect of marital status on the recall of kusaya. This
study indicated that individuals residing in the Kanto region until age 20 recalled kusaya more readily, though the
causal relationship remains unclear. The hypothesis that marriage reinforces memories of kusaya among those residing
in the Kanto region until age 20 could not be fully substantiated and remains speculative. Although this study has
limitations, the results have implications for researchers seeking to understand the reasons for the existence of smelly
food and for producers who wish to ensure the long-term consumption of smelly food, both in terms of the subjects
analyzed and the methods used.
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