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This Research determines the factors influencing American consumers’
willingness to purchase turmeric products, amidst the spice’s rising popularity for
its potential health benefits, particularly those linked to its bioactive component,
curcumin. Through a comprehensive analysis of a Qualtrics online survey
with 1,020 national respondents in the U.S., we employed advanced choice
experiment mixed logit models to elucidate consumer preferences regarding
product form, origin, sustainability certification, curcumin content, and price.
Contrary to the initial hypothesis that curcumin potency would be a primary
driver, our results indicate that the place of origin and price significantly shape
purchasing decisions, with a clear preference for inland domestically grown,
organically certified turmeric products. These insights offer valuable guidance
for producers, manufacturers, and marketers in the natural products industry,
suggesting a focus on emphasizing local, sustainable sourcing and clear
communication of organic credentials to align with consumer expectations.
Our findings not only provide a detailed understanding of current consumer
attitudes toward turmeric but also highlight potential markets for turmeric—
based product development and effective marketing to cater to the evolving
demand for health-beneficial natural products.
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1 Introduction

Turmeric (Curcuma longa), a herbaceous plant belonging to the ginger family,
Zingiberaceae, is a rhizomatous crop valued for its extensive medicinal history, particularly
due to its potent antioxidant, anti-inflammatory, and immunostimulatory properties
(Bokelmann, 2022; Soni et al., 2022). The uses of turmeric span beyond merely foods and
beverages; it is also renowned for its medicinal and cosmetic benefits. Therefore, the value
chain of turmeric represents a complexity that distinguishes it from many other standard food
or medical products (Booker et al., 2016).

Globally, turmeric is mainly used as a staple culinary spice in the South and a popular
herbal remedy in the North. Turmeric is widely recognized as a food coloring and flavoring
condiment and has been used as traditional medicine in many Asian countries. More recently,
it has been adopted into Western medical and cosmetic practices, in which the United States
(U.S.) is no exception.
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TABLE 1 The trade volumes of the top 10 importers of turmeric in the last two decades (2003-2022).

Imports Exports Net Trade (E — M)
03-07 08-12 13-17 18-22 03-07 08-12 13-17 18-22 03-07 08-12 13-17

Top importers

India 3,275 4,057 47,284 124,249 213,888 367,095 455,587 692,924 210,613 363,038 408,303 568,675
Bangladesh 3,099 2,351 31,613 107,189 834 937 2,141 7,867 -2,265 -1,414 —29,472 —99,322
Iran 6,729 10,597 65,425 96,668 82 235 620 303 —6,647 —10,362 —64,805 —96,365
EU 4,583 5,850 42,467 78,605 6,840 12,185 16,791 34,823 2,257 6,335 —25,676 —43,782
The US. 3,740 3,567 28,342 54,952 1,364 1,211 1,367 3,132 —2,376 —2,356 —26,975 —51,820
Top exporters

India 3,275 4,057 47,284 124,249 213,888 367,095 455,587 692,924 210,613 363,038 408,303 568,675
EU 4,583 5,850 42,467 78,605 6,840 12,185 16,791 34,823 2,257 6,335 —25,676 —43,782
UAE 8,581 10,164 43,697 38,261 5,756 6,643 13,758 9,967 —2,825 —3,521 —29,939 —28,294
Bangladesh 3,099 2,351 31,613 107,189 834 937 2,141 7,867 —2,265 —1,414 —29,472 —99,322
China 21 250 1,822 33,744 5,293 7,032 4,401 5,927 5,272 6,782 2,579 -27,817
ROW 37,472 55,196 304,773 469,198 68,607 119,360 132,523 28,839 —35,794 —51,630 —299,428 | —463,712
Total 67,499 92,033 565,423 1,002,866 302,664 514,698 627,188 783,782 235,165 422,666 61,765 —219,084

Source: International Trade Centre, 2023 https://www.trademap.org/Country_SelProductCountry_TS.aspx?nvpm=1%7c842%7c%7c%7c%7c091030%7c%7c%7c6%7c1%7c1%7c1%7c2%7c1%

7c2%7c1%7c1%7cl

In 2020, worldwide turmeric production was approximately 1.1
million metric tons (MT), with a projected 1.5 million MT by 2027
(GVR, 2021). The global trade value for turmeric in 2022 was $356.1
million (Trade Map ITC, 2023), and it is expected to grow at a
compound annual growth rate of 16.1% up to 2028 (GVR, 2021). In
the last decade, the leading exporters of turmeric were India, the
European Union (EU), the United Arab Emirates (UAE), Bangladesh,
and China, whereas the primary importers included India,
Bangladesh, Iran, the EU, and the U.S. (Table 1). Interestingly, India
stands out as not only the largest consumer but also the predominant
producer of turmeric, contributing to 80% of the worldwide turmeric
production volume (Nair, 2019).

Turmeric rhizome has been used over centuries to treat
health
kidney

multiple human conditions, including cancer,’

inflammation, stones, worms, malaria, scabies,
rheumatism, and to lower cholesterol levels (Lim et al., 2001;
Rivera-Mancia et al., 2015; Kunnumakkara et al., 2017). It is also
used for digestive disorders, flatus reduction, jaundice, menstrual
difficulties and colic, and abdominal pain and distension (Bundy
et al., 2004). The previous studies also showed that turmeric has
well-established neuroprotective effects in the brain against
ischemic damage, Alzheimer’s disease, Parkinson’s disease, and
parathion-induced damage. Additionally, turmeric boosts heart
health by protecting it against myocardia (Dikshit et al., 1995).
Turmeric is also used to prevent kidney damage and kidney-
related disorders by eliminating free radicals and reducing

oxidative stress (Kunnumakkara et al., 2017).

1 The most recent research by Soni et al. (2022) indicates that Curcumin, the
yellow pigment of turmeric spice, has shown effective cytotoxic activity against

numerous malignant cells, including hepatic cancer.
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In the U.S., turmeric is a top-selling dietary supplement and
cosmetic with a rapidly expanding usage (You et al., 2022).
Turmeric dietary products became a top-selling herb primary
ingredient in the natural channel in the U.S. since 2013. The total
sales value of herbal turmeric supplements increased from $25.6
million in 2013 to $151.7 million in 2021 (Smith et al., 2022).
Turmeric, fresh or dry rhizomes, and curcumin-based products are
now mainstream, with both dietary supplements and food and
beverage products seeing market growth (Straus, 2019). Rising
awareness among consumers, particularly in developed countries,
including the U.S., will likely leverage the demand for turmeric
curcumin further.” Globally, 92 new turmeric-related products were
introduced between 2018 and 2020 (Feldmeyer and Johnson, 2022),
indicating a robust interest in turmeric’s medicinal and culinary
applications. American consumers have recently shown a growing
curiosity toward turmeric and its related products. As such, the
Google search trends revealed an upward trajectory in the search
frequency for the keywords, “turmeric” and “curcumin” since 2013
(Figure 2).

The consumption of turmeric and turmeric-based products in
the U.S. has recently increased, reflecting a shift in consumer tastes
toward more natural food products and health or wellness
supplements (International Food Information Council, 2023).
Americans are increasingly seeking natural remedies and
supplemental products, thereby boosting the turmeric market.
Turmeric holds a significant rank in the U.S. dietary supplements
market and is also a popular choice in spice markets and the fresh
food sector (Nguyen et al., 2019). However, over 95% of the turmeric

2 Although curcumin can be found in other species such as mango ginger
(Srinivasan and Chandrasekhara, 1993), this study focuses exclusively on

curcumin derived from turmeric rhizomes.
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FIGURE 1
A flow-chart of the participant selection process.
120
100
)
§ 80
S
2
I
S
5 60
O
%]
=
S
% 40
N
20
o N
0
el A A A N A 2 A N A N A N A N A A N AN A Nl P AN A Nl 2 N AN 2 A
RTRIRIIIRIIRIRIILIRIFYIIRIIRIIREeS
T VOO DRNODOD—~ANANNTTNOOSRRXRNDOD— A N
OO OO OO OO O e e e e e e e e e e = = — O] O] A
S S S OSSO OO OO0 OO
AAAAAAAAAAAAAAAAAAAAAAAAaAaAQAAQAQ
= "Turmeric" (United States) ="Curcumin" (United States)
FIGURE 2
The trends of google search frequency of “turmeric” and "curcumin” in the U.S. from 1/2004 to 08/2023. Source: Google Trends, accessed July 2023
at https://trends.google.com/trends/.

consumed in the U.S. is imported. In 2022, the US. spent
approximately $50 million importing turmeric, of which 70% of
these imports came from India, while the remaining was sourced
mainly from Fiji, Jamaica, Indonesia, and China (Trade Map I'TC,
2023). The demand for turmeric and turmeric products is anticipated
to be propelled by its increasing application in numerous industries,
including food and beverage, cosmetics, and pharmaceuticals
(GVR, 2021).

Turmeric has shown promising pre-clinical effects on disease
prevention and treatment (Zheng et al., 2016; Panknin et al., 2023)
and has been explored clinically for a wide variety of human health
conditions, from cancer to obesity and cardiovascular disease
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(Rolfe et al., 2020; Kunnumaklkara et al., 2023). Curcumin, one of
more than 200 ingredients in turmeric related to polyphenols
comprising about 2-9% by weight on average of dried turmeric
rhizome, is the primary constituent (Lechtenberg et al., 2004;
Panknin et al., 2021). However, the curcumin content in turmeric
rhizomes varies based on different factors such as turmeric variety
(Quirds-Fallas et al., 2022), extraction methods (Patil et al., 2019;
Quirds-Fallas et al., 2022; Singh et al., 2022; Ciuca and Racovita,
2023), rhizome age at harvest (Pantharos et al., 2022), geographical
growth region (Ashraf et al., 2012), seasonal weather conditions
(Lokhande et al., 2013), and cultivation methods (Shannon et al.,
2019). Curcumin has applications in food, cosmetics, and
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pharmaceuticals, including dye-sensitized PV technology and
textiles, and thus, its demand is projected to increase significantly
in the next five years. The global curcumin marketing size reached
$ 80.8 million in 2022, and it is expected to be $126.8 million in
2028 (IMARC, 2023). According to GVR (2021), curcumin-based
pharmaceuticals have become a lucrative product valued at $65.4
million in 2021, and it is predicted to reach a market size of $191.9
million in 2028.

Curcumin is responsible for the yellow color of the powered
rhizomes (Lechtenberg et al., 2004). Its efficacy, especially in
treating human diseases related to metabolic disorders,
musculoskeletal conditions, neuropsychiatric disorders, and
gastrointestinal ailments, has been substantiated by eight systematic
reviews and meta-analyses since 2020. These systematic analyses
encompass over 400 research studies related to turmeric and
turmeric-based products (Rolfe et al., 2020; Sharifi-Rad et al., 2020;
Singletary, 2020; 2021; 2023;
Kunnumakkara et al., 2023; Lukkunaprasit et al., 2023; Panknin
et al., 2023).

Globally, curcumin is applied in food and beverages,

Paultre et al., Kou et al,

pharmaceuticals, and cosmetics, accounting for 90% of marketed
volume (IMARC, 2023). Like other functional food products, the
market success of curcumin depends mostly on the credibility of its
beneficial effects on human health (Plasek and Temesi, 2019). While
curcumin comprises only a minor fraction of turmeric, it is often the
primary focus when discussing turmeric’s properties, to the extent
that the terms “turmeric” and “curcumin” are used interchangeably,
but they are different (Rolfe et al., 2020; Paultre et al., 2021; You et al.,
2022). Furthermore, the quality of turmeric intended for medicinal
or supplemental purposes is predominantly evaluated based on its
curcumin content (Pantharos et al., 2022). As such, a higher
curcumin content in turmeric suggests greater bioactivity and
superior quality. Therefore, the higher the concentration of curcumin,
the greater the value of the turmeric or turmeric products
(Box, 1989).

However, the economic values of turmeric and curcumin in
each turmeric product are still under-released. Specifically,
understanding consumer perception and willingness to pay (WTP)
for turmeric and turmeric curcumin ingredients has yet to
be explored. Therefore, this research aims to determine consumer
preferences and WTP for turmeric and turmeric ingredients in
which curcumin content is our key interest. Moreover,
transitioning from natural to synthetic curcumin in market
products recently presents a challenge in maintaining turmeric
quality and ensuring consumer trust. Based on lab tests of
curcumin-related products randomly selected from the market,
You et al. (2022) found that 10 of the 14 sampled products
contained synthetic curcumin but were labeled natural. This
adulteration forces consumers to pay more for curcumin products’
and can also put their health at risk. Consequently, insights into
consumers’ WTP for turmeric products with natural curcumin
content, as derived from this research, can provide marketers with
valuable information to establish appropriate market prices that
align with consumer demand for the product. Moreover, the

3 According to Bejar (2018), synthetic curcumin is priced at one-third the

cost of its natural counterpart.
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curcumin content specified in this research can provide sufficient
information for future discussion on the essential elements of
labeling or transparency of curcumin level on turmeric-
based products.

2 Literature review

Recent studies have explored consumer preferences and WTP for
specific functional food ingredients. A review of 47 studies on
functional products by Topolska et al. (2021) concluded that
functional products’ credibility and potential health benefits—such as
the prevention or treatment of certain diseases—are major factors
influencing consumers’ purchasing decisions. In addition, Plasek and
Temesi (2019), in their review of 54 studies, found that the
compatibility of the carrier ingredient with the base product played a
significant role in influencing the perceived health benefits and
consumers’ willingness to purchase.

Current literature also shows a growth in exploring consumer
perceptions and their willingness to purchase specific functional
or health-beneficial ingredients. For example, Kleine-Kalmer et al.
(2021) investigated consumer preferences and willingness to
purchase selenium and iodine-biofortified apples. Although both
ingredients are vital micronutrients, consumers preferred and
were more willing to purchase apples fortified with iodine over
selenium, it is because most consumers are unfamiliarity with
selenium. Other studies have focused on consumer perceptions,
preferences, and WTP for product ingredients like bread with
varied fiber and salt content (Ge¢bski et al., 2019), bread containing
functional ingredients (Bitzios et al., 2011; Hellyer et al., 2012),
probiotics in functional foods (Annunziata and Vecchio, 2013),
low-sodium burgers (Quadros et al., 2015), and yogurt with
bioactive functional ingredients (Ahmad et al., 2022).

However, to the best of our knowledge, research determining
consumer perceptions and WTP for specific health-beneficial
ingredients derived from herbal or related medicinal plants remains
unexplored. Notable exceptions include the most recent study by
Ndiaye et al. (2023) on hibiscus-based products and consumers WTP
for non-alcoholic hibiscus beverages ranged from $2.9 to $3.6 for
kombucha and $4.1-5.00 for ready-made-tea. However, their research
concluded that providing additional health benefit information of
hibiscus does not influence consumers WTPs for these products.
Concerning turmeric, only research by Feldmeyer and Johnson (2022)
using Twitter data to assess consumer responses to and perceived
benefits of turmeric and turmeric-based products exists. However, this
research is limited by the observed keywords associated with turmeric
and turmeric products the consumers used in searching to determine
consumers perceptions of its health benefit. Therefore, our study is
based on consumer perceptions and their WTP for functional
ingredients found in herbal plant products or specialty crops.

The growth in the import volume and value signals a growing
demand for turmeric in the U.S. market (Figure 3). Yet, this heavy
dependence on imports, particularly for food and pharmaceutical
raw material supplements, raises quality and safety concerns,
such as potential contamination with microorganisms, pesticide
residues, heavy metals, and arsenic salts. For instance, the
turmeric producers from India could add colorant in order to
make their crop visually attractive to traders (Booker et al.,
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2016). The import prices of turmeric are varied due to a
significant difference in quality standards between Asian
countries and other competitors in the U.S. (Nguyen et al., 2019;
Figure 4). Cultivating turmeric domestically could offer a more
consistent and quality-controlled supply for the pharmaceutical
and food and beverage industries and ensure stricter safety
controls. While there have been experimental and commercial
attempts to grow turmeric in states like Alabama and Georgia,
these areas face challenges such as cold weather, high production
costs, and labor-intensive practices.
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Given its potential, turmeric could serve as a reliable specialty
crop for the U.S., especially in the southern parts considering the
suitable climatic conditions present in this region. The unfamiliarity
of marketing and consumer preferences and their WTP for
domestically grown turmeric remains a barrier for local farmers
contemplating its cultivation. To address this, our research delves
into various attributes of turmeric products, including product
forms, place of origin, and sustainability certification. The
U.S. herbal manufacturers are seeking domestically produced
turmeric with high curcumin levels to replace imports (Fl-Saadony
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et al., 2023). Given that turmeric is increasingly being recognized
as a trending ingredient in pharmaceuticals, beauty and personal
care products, and nutritional drinks in the U.S. (Mintel, 2022),
understanding consumer WTP for each of these product attributes
is invaluable. This information can guide producers, processors,
and marketers in shaping production plans, determining market
values, and devising strategic marketing approaches to develop the
domestic turmeric production effectively. Moreover, our findings
can determine what consumers seek in turmeric products,
potentially driving the creation of innovative turmeric-based
pharmaceuticals, foods and beverages, and cosmetics tailored to
the U.S. market.

With the rising trend of “food as medicine,” the National
Strategy on Hunger, Nutrition, and Health envisions a seamless
integration of nutrition and healthcare (Lynch, 2023). This aligns
with the Food as Medicine Research Action Plan (Downer et al,,
2022), which seeks to promote foods that offer significant health
benefits. Given this context, gaining insights into consumers’
perceptions and their WTP for ingredients such as curcumin
known to be essential or beneficial to human health becomes
crucial. Moreover, consumers’ food preferences and eating habits
are influenced by both genes and environment (Krebs, 2009), the
findings from our research can shape effective marketing
strategies that not only educate specific groups of consumers but
also guide them in making informed choices of food and
supplemental products. These choices would not only meet their
nutritional needs but also assist in health issue prevention
or treatment.

3 Materials and methods
3.1 Survey design and data collection

3.1.1 Survey design

An online survey was created using the Qualtrics platform to
collect data on consumer perceptions and preferences related to
turmeric products. The survey questionnaire comprises four
sections. The first section includes questions related to respondents’
sociodemographic information, inquiring about their education
level, household size, number of children in the household, race,
and annual pre-tax income. The second section delves into
consumers’ use of turmeric and turmeric products and the factors
influencing their choice of these products. The third section
involves a choice experiment aimed at eliciting consumer
preferences for turmeric products. The final section collects
consumer perceptions regarding the quality and curcumin content
of organic and conventionally grown turmeric.

Before participants were asked to decide, a brief explanation of
all attributes and their levels was provided. Additionally, a “cheap
talk” script (Supplementary Appendix A) was employed prior to
conducting the choice experiment. Specifically, participants were
reminded of the “real world” decision-making process to
potentially mitigate hypothetical bias in the choice experiment
(Lusk, 2003; Silva et al, 2011). The survey was designed to
be concise, each taking approximately 12 to 15 min to complete. No
compensation was provided to participants for answering
the questions.
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TABLE 2 The attributes and its levels of turmeric products used design
the choice experiment questions.

Attributes Levels

Product form - Turmeric rhizome/root (fresh) (1)

- Powder (ground) (2)

Place of origin - TheUS. (1)
- India (2)
- Fiji Islands (3)

- Jamaica (4)

- Imported from Asian countries (China,
Thailand, or Vietnam, except India) (5)
- Hawaii (6)

Sustainability certification - USDA organic (1)

- Conventional farming (2)

Curcumin level - Low curcumin (1)

- Medium curcumin (2)

- High curcumin (3)

Price (US$/Ib) - $6.99/1b. (root)

- $9.99/1b. (root)

- $12.99/1b. (root)

- $15.99/Ib. (ground)
- $20.99/Ib. (ground)

The unit prices were the average prices based on the authors” observations via online stores
and local grocery stores in Alabama, Florida, and Texas at the time of the survey, where the
authors have been and could visit the local grocery stores.

The discrete choice experiment (DCE) was employed to examine
consumers’ preferences for turmeric and turmeric products available
at retail stores. The DCE method was chosen for this research due to
its greater flexibility in incorporating additional food attributes
compared to contingent valuation and experimental auction
methods (Gao and Schroeder, 2009). Furthermore, DCE presents
choices in a context that explicitly highlights trade-offs between
attributes, and the choice scenarios simulate the conditions under
which people make real-world choices (James and Burton, 2003).

The DCE was designed to prompt consumers to choose between
two different turmeric products, denoted as products A and B, which
vary in terms of five product attributes: product form, place of origin,
sustainability certification, curcumin content, and per-unit price
(Table 2). A complete factorial design would result in 360 (2x6x2x3x5)
combinations of all attribute levels (Balogh et al., 2016). However,
asking customers to decide on all these combinations is impractical.
Therefore, we employed a fractional factorial design, following
Addelman (1962).

To optimize the design, we selected D-efficiency as the relevant
criterion, aiming to minimize the determinant of the inverse of the
2005, p. 153).
Consequently, the design yielded a choice experiment of 10 choice

variance-covariance matrix (Hensher et al,

profiles that maximize D-efficiency using SAS software (Kuhfeld,
2010). These 10 choice sets were included in the survey for all
participants, with each choice set presenting two turmeric products
and a “neither product A nor product B” option. The inclusion of the
“neither-choice option” enhances the realism of the choice
experiment since, in reality, respondents may choose not to purchase
any of the presented options (Vermeulen et al., 2008). An example
of the choice questions is presented in Supplementary Appendix B.
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3.1.2 Data collection

An online survey was implemented by the commercial survey
firm Dynata, leveraging their diverse consumer panels (see their
website: https://www.dynata.com/). These panels, composed of.

individuals from all 50 U.S. states who agreed to participate in
online surveys and provided electronic consent prior to the study. The
target demographic comprised U.S. adults aged 18 and above who are
primarily responsible for grocery shopping (fulfilling at least 50% of
the household’s monthly food requirements). In addition, qualified
respondents must have purchased turmeric or turmeric products at
least once since 2019.

The study received ethical approval from Rutgers, the State
University of New Jersey Human Research Protection Program, and
the Institutional Review Board (# IRB-Pro2021001641). The survey
data was initially launched online from November 31 to December
1, 2022, for 50 samples for testing the survey. A full launch was
implemented during December 12-19, 2022, receiving 1,020
completed responses from a total of 2,620 accepted participants (a
response rate of 39%), which details are presented in the following
chart. The selected participants form a representative sample of the
U.S. civilian population. On average, respondents took 14 min to
read and answer all the survey questions.

3.2 Modeling methods

The choice experiment model was used to analyze consumer
preferences and elicit consumer WTP for different attributes of
turmeric products based on Lancaster consumer theory (Lancaster,
1972) and random utility theory (McFadden, 1974). The ML model
(or random parameter logit model), with a set of random and fixed
parameters (Hensher and Greene, 2003; Hess and Train, 2017), was
employed to account for potential heterogeneity of the preferences
across individuals in the sample. In addition, the ML model relaxes
the restriction of independence of irrelevant alternatives and allows
for correlations between multiple-choice observations made by each
respondent (Hensher and Greene, 2003; Bliemer and Rose, 2010) that
allows for the estimation of unbiased individual preferences and
increases the accuracy and reliability of the model estimations. Based
on the random utility framework, the utility of an individual i
associated with choice alternative j in the choice set C in situation ¢ is
specified as follows Eq. (1):

Ujjr = agNONE +ay Pricey; + Bi. Xyji + ij
= agNONE +ay Pricey; + (B +Ly;) Xy +e5 (1)
(i=1-N;j=1, ... J;1=1.,T)

where Pricej; is the continuous price of turmeric product j in the
choice set C in situation ¢ given to individual respondent ; vector X
represents non-price attributes of j, or X = (product form (Form), place
of origin (Origin), sustainability certification (Certificate), and
curcumin content (Curcumin)); &jjt 1s an error component that is
normally distributed, with zero mean.

The price coeflicient, a1, is estimated as a nonrandom parameter.
The coeflicient of price is not random because the normal distribution
has a density on both sides of zero that would allow some individuals
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to have upward-sloping demand curves (Hensher et al., 2005; Sarrias,
2016). This assumption assures that the WTP estimated for a
particular turmeric attribute is normally distributed (Lusk, 2003;
Tonsor et al, 2005) and avoids unrealistic WTP distributions
associated with the ratio between two distributions (Carson and
Czajkowski, 2019). Therefore, the price coefficient can be interpreted
as the marginal utility of money (Onozaka and McFadden, 2011). The
estimated coefficients of non-price attributes ( ;= +Ly; ) are
defined as random parameters with a normal distribution where
is the vector of the estimated conditional mean. L is the lower
triangular matrix used to calculate the covariance of random
parameters, and y; is the random term following a standard normal
distribution. Ly; is the random terms capture variation in preferences
across consumers over product attributes (Hensher et al., 2005; Hess
and Train, 2017).

The probability of an individual i choosing alternative j in a
sequence of ¢ choices is as follows Eq. (2):

By =Pr[yir = ]

exp(aoNONE +ay Pricey, + (B + Ly,»)' Xjj )
= ; (2)
ZT exp(aoNONE +ay Pricej, +(B+Ly;) X,-j,)

t=1

where y;; is an indicator variable representing the section by
individual i in the #" choice set. However, since f; can
be heteroskedastic and correlated across alternatives, we need to
integrate out this randomness. These yields Eq. (3):

Byt =Pr[yir = j]

exp (aoNONE +ay Pricejy +(B+Lyi) Xiji ) )
3

T '
> 121 €XP (aONONE + 01 Pricejjt +(B+Lyi) Xiji )
©(Bi/ B)dB;

where ( Bil ﬁ) is specified as the joint distribution and S is the
distribution parameter of the corresponding attributes. The choice
probability in (3) cannot be calculated exactly because the integral
does not have a closed-form (Hensher and Greene, 2003). The integral
is approximated through simulation (Hensher et al, 2005). The
parameters in the ML model can be estimated using maximum
simulated likelihood. Empirically, we used mlogit-package in R Studio
versionl.0-3 to estimate the mixed logit (ML) models using 1,000
Halton draws.

The “NONE” is a dummy variable indicating the third alternative
of each choice set. This alternative represents the utility associated
with the sum of the omitted levels for each attribute (Adamowicz et al.,
1997; Soley et al., 2019). For the attributes of product form, fresh
turmeric root is compared to ground power; The place of origin
includes U.S. (inland), India, Fiji Island, Jamaica, Hawaii, and other
Asian countries; sustainability is composed by USDA organic
certificate vs. conventional farming; and the curcumin content is
classified by three levels including low, medium, and high curcumin.
Therefore, the parameter estimates of the levels of attributes indicate
a preference for each attributes level and its baseline.
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The individual-level WTP for each non-price attribute derived
from the ML model is the negative of the ratio between the estimated
parameter of a non-price attribute and the estimated price parameter.
In particular, the WTP for the attribute k of a turmeric product is as
follows Eq. (4):

)

WTP j ==K @)
a

where WTP, ;. represents the monetary values that respondents
are WTP to acquire a level-differentiated attribute, %k is the
estimated coefficient of the attribute k, and 2: is the estimated
coefficient of price. The distribution of WTP, ;. is derived from the
expected distribution of ,@k and a (Train, 2003). In this model, the
price coeflicient is fixed; therefore, the distribution of WTP for each
non-price-level-differentiated attribute has the same distribution as
the attribute’s coefficient. Similar to the random parameters of the
non-price attributes, the mean and standard deviation of the WTP for
each attribute level are estimated as Eqs. (5) and (6):

Mean(WTP, ;) = _miemi(ﬂ[k) ®)
a

SD(Bi)  (6)

Standard deviation (S.D.) (WTPl-’k) =
a

4 Results
4.1 Sample description

A comparison of the demographic characteristics between our
collected sample and the U.S. population is presented in Table 3.
Overall, the survey participants represent the U.S. population in
gender, race, and educational level. There are some differences in age
distribution, with the sample showing higher proportions in 18-24
age groups compared to the population. With the family size, our
sample has a larger proportion of families with 2-4 persons compared
to the U.S. population. The income levels of surveyed participants
show some deviation in income levels compared to the U.S. population
in which we have less proportion of respondents having the top
income ranks.

Most respondents reported that they take medications and health
support supplements occasionally or very often. The proportion of
occasional users is relatively consistent across both medications and
supplements, at 79 and 86%, respectively (Figure 5). Only a small
percentage of respondents reported never using either; specifically, 5%
for medications and 4% for health support supplements. Overall, the
surveyed data show that respondents are generally inclined to use both
medications and health supplements, regardless of the frequency of
use. Additionally, 30% of respondents describe their overall health as

« » «

air; “not good,” or “very poor” As such, a portion of medication or
supplement use among these participants may be for prevention
rather than treatment.

Approximately 64% of respondents indicate that they consciously

look for turmeric or turmeric products while shopping at the stores or
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online. This suggests that businesses can target a large and aware
consumer base with specialized or premium turmeric products. The
frequency of turmeric or turmeric product purchases from 2019 to
2022 is presented in Figure 6. This data provides valuable insights into
evolving consumer behavior, which is pertinent for both the turmeric
industry and public health sectors. Overall, there is a noticeable
increase in the frequency of turmeric purchases over time. Specifically,
the categories ‘always’ and very often’ have seen increased numbers,
while the ‘rarely’ category has declined. This suggests a growing
consumer interest in turmeric and its products over the years. Such a
trend may indicate heightened awareness of turmeric’s health benefits,
a notion that public health campaigns could further amplify. The
emerging patterns provide actionable insights for both turmeric
businesses and public health organizations. Continuous tracking and
strategic adjustments are advisable for both sectors to cater to
changing consumer needs and preferences.

Most participants indicate that their current health status
influences their purchases of turmeric or turmeric products (Figure 7).
Specifically, over 43% (extremely and very influential) are significantly
influenced by their health status when purchasing turmeric. Thus,
turmeric producers and suppliers can target this segment with health-
focused marketing campaigns. Around 31% say health is somewhat
influential; companies could offer various product options focusing
on health and other features like taste or convenience. Approximately
25% (slightly and not at all influential) are not significantly influenced
by their health status. This group may respond better to marketing
emphasizing flavor, traditional uses, or versatility in cooking
or coloring.

The participants were also asked to indicate the form of turmeric
or turmeric products they purchase most frequently. The forms of
turmeric and turmeric products most frequently used by respondents
are presented in Figure 8. Turmeric spice, turmeric powder or ground,
and turmeric pills make up nearly 68% of the usage. The most
common uses of these products imply that consumers prefer forms
that are easy to use and incorporate into their lives. Therefore,
turmeric marketers can continue focusing on these forms due to their
widespread popularity among American consumers. Turmeric extract,
fresh turmeric root, and turmeric blends are used less frequently but
still represent significant market segments. Specialized marketing
could appeal to these users.

One of the questions in the survey explores consumer preferences
on the place for purchasing turmeric and turmeric products. The data
on where Americans primarily purchase turmeric and turmeric
products are presented in Figure 9. Accordingly, conventional
supermarkets are the most popular venue for purchasing turmeric
products, capturing over 28% of buyers. Turmeric marketers looking
to mass-market turmeric products may consider this channel
significantly. Pharmacies and Whole Foods or Fresh Markets account
for almost 30% of purchases, indicating a sizable, health-conscious
market segment that can be targeted with specialized products. While
12.3% of respondents primarily buy online, this could be a growth
area, particularly as e-commerce continues to gain traction.

Last but not least is understanding consumers’ reasons for
purchasing or using turmeric or turmeric products. The largest
segment (22.2%) purchases turmeric as a source of healthcare
products (Figure 10). A sizable portion of respondents use turmeric
products for healthcare and cancer treatment, indicating that health
benefits drive consumer choices. This suggests that health benefits are
a significant motivator for consumers, reflecting a trend in targeting
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TABLE 3 Summary statistics of sample demographic characteristics.

Proportion (%)

Variable
Collected sample U.S. population
Gender Male 47.6 48.8
Female 52.2 52.2
Not available (n/a) 0.2 0.0
Age (years) 18-24 16.2 9.1
25-34 15.9 13.6
35-44 17.8 13.1
45-54 17.6 12.3
55-64 16.7 12.9
+65 15.8 16.8
Race White 73.8 72.9
Black or African-American 16.7 14.2
American Indian 0.9 2.6
Asian 4.1 7.1
Native Hawaiian 0.0 0.5
Not identified 1.6 NA
Two or more races 2.9 16.2
Hispanic or Latino Hispanic or Latino 11.5 18.8
Not Hispanic or Latino 88.5 81.2
Family size (persons) 1 0.5 28.0
2-4 74.3 62.6
5-7 239 8.07
>7 1.3 1.34
Children in family None 64.8 n/a
1-2 29.9 n/a
3-4 4.9 n/a
More than 4 0.4 n/a
Education No formal school 0.3 0.3
Less than high school 1.6 9.3
High school 21.9 28.3
College 32.5 27.1
Bachelor’s degree 28.1 221
Graduate or higher 15.7 12.8
Annual household income < $15,000 8.7 9.3
$15,00 - $24,999 7.6 8.1
$25,00 - $34,999 10.1 7.8
$35,00 - $49,999 14.1 10.9
$50,00 - $74,999 18.9 16.2
$75,00 - $99,999 14.7 11.9
$100,000 - $149,999 12.5 15.9
$150,000 - $199,999 6.9 83
> $200,000 6.5 11.6

*Sample was surveyed in March and April of 2021 and "Sample was surveyed in March 2020.
The U.S. population statistics are based on the 2018 American Community Survey 1-year estimate retrieved at https://data.census.gov/table?q=United+States&g=0100000US&tid=ACSDP
1Y2021.DP05.
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The frequency of purchasing turmeric or turmeric products by respondents from 2019-2022.

health benefits products. A significant portion (20%) uses turmeric in
cooking or for food coloring, indicating its important role in culinary
practices. With a large number relying on recommendations, public
health organizations could focus on educating healthcare providers or
influencers within communities about the benefits and limitations of
turmeric. About 8.9% of consumers choose turmeric because it is
environmentally sustainable, signaling an emerging trend of
€co-conscious consumerism.

4.2 Discrete choice models

The results presented in Table 4 illustrate the contribution of each
attribute level to consumers’ preferences for turmeric and turmeric
products, as estimated from an ML model. The variables of interest
encompass place of origin, price, production certification, product
form, and curcumin level. The coeflicient for price is statistically
significant at the 0.01% level, as anticipated. The negative sign signifies
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an inverse price-demand relationship in line with demand theory,
indicating that an increase in the price of one alternative reduces the
likelihood of choosing that alternative. This result is consistent with
the previous research on functional food products, which indicates
that similar to conventional foods, the price of products is a significant
factor influencing consumers’ willingness to purchase (Cukelj et al.,
2016; Romano et al., 2016; Plasek and Temesi, 2019).

Most non-price attribute coefficients are also statistically
significant. Concerning the place of origin, the products produced in
the U.S. inland were set as the base. The negative coefficients for India,
Fiji, Jamaica, and Asia suggest that, on average, consumers prefer
turmeric sourced from the U.S. The significance level (indicated by
asterisks) confirms that these coeflicients are statistically significant,
ruling out the possibility of random chance. The positive coefficient
for products from Hawaii suggests a preference for turmeric grown in
Hawaii compared to the base level (U.S.). However, the attribute level
lacks statistical significance, implying that while people might lean
toward turmeric from Hawaii over that from the U.S,, this preference
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Frequency of purchasing and using different turmeric products by respondents.

is not sufficiently robust to state it as a fact. However, these results
align with the research conducted by Onozaka and McFadden (2011),
which demonstrated that Americans have a preference for locally
grown Gala apples and red round tomatoes. Similarly, He et al. (2020)
found that the place of origin is deemed more important than the
production methods for strawberries. The positive and statistically
significant coefficient for “organic” indicates that consumers are more
inclined to prefer organically produced turmeric over conventionally
grown turmeric. This result aligns with prior research on other food
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products, revealing that consumers favor sustainability-certified
products over non-certified ones (Basha et al., 2015; McFadden and
Huffman, 2017; Massey et al., 2018).

Regarding product form, consumers seem to favor pure powder
over fresh root, as indicated by the positive and statistically significant
coefficient. This aligns with the sample description section above,
which suggests that consumers prefer forms that are convenient and
ready to use. This information is valuable for producers and suppliers,
highlighting the importance of providing these forms to meet

11 frontiersin.org


https://doi.org/10.3389/fsufs.2024.1359040
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Nguyen et al.

10.3389/fsufs.2024.1359040

700

600

500

400

300

200

100

FIGURE 9

Q
%
3

Frequency of consumers purchasing turmeric products from different market categories

A source of healthcare products

Turmeric/turmeric products tastes good

| grow turmeric and use it for my family
Others

| use it for cancer treatment

FIGURE 10
Consumers explanations of purchasing turmeric or turmeric products.

| usually use turmeric in cooking or...

Someone recommended me to use it...

Turmeric/turmeric products is not...
Turmeric/turmeric products is more...

Turmeric/turmeric product is an...

200 400 600

consumer expectations. To the best of our knowledge, prior research
evaluating the impact of product form on consumers’ WTPs for
similar products has been limited, with notable exceptions being
studies on meat (comparing fresh and processed meat) by Balcombe
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etal. (2016), and seafood (comparing fresh vs. frozen) by Zheng et al.
(2023), Love et al. (2022), and Davidson et al. (2012). Therefore, this
finding serves as a valuable reference for future studies concerning
medicinal plants and functional food products.
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TABLE 4 Estimated parameters of the mixed logit models for consumers’ preferences on turmeric attributes.

Mean parameters

S.D. of mean parameters

Variables
Coefficient Std.err. Coefficient Std.err.
Place of origin [base=The U.S (Inland)] 36.1%
India —1.426%** 0.340 1.005 0.621
Fiji —0.290%** 0.082 0.008 0.879
Jamaica —0.401%** 0.066 0.511%%* 0.135
Asia —0.691%** 0.109 0.809%*%* 0.113
Hawaii 0.028 0.080 0.128 0.493
Price —0.065%** 0.009 33.9%
—3.207%** 0.132 3.066%** 0.102
Sustainability certification (base = conventional production) 17.5%
USDA organic ‘ 0.703%*% ‘ 0.050 1.217%%* ‘ 0.056
Product form (base = Fresh root) 10.6%
Pure Powder ‘ 0.428%*% ‘ 0.061 1.037%#% ‘ 0.19
Curcumin level (base =low curcumin) 1.92%
Medium curcumin 0.040 0.076 0.017 0.549
High curcumin —0.038 0.127 0.047 0.534
Model statistics
Number of respondents 1,020
Number of observations 10,200
Log-likelihood —7,974
AIC 15,990

Asterisks (*, **, *#¥) indicates significance at the 1, 0.1, and 0.00% level, respectively.

R.A.L: Relative attribute importance is estimated by dividing the difference in utility of an attribute by the sum of the differences of all attributes. The difference in utility of an

attribute = highest utility value of an attribute - lowest utility of an attribute.

Number of observations = Number of participations * Number of choice sets per participant (1,020 *10).

Consumer preference for curcumin level is a key area of interest.
The curcumin content in each turmeric product was classified into
three levels: low, medium, and high, with low curcumin serving as
the base in this model. The results indicate that neither medium nor
high curcumin levels significantly impact consumer preference. This
finding is consistent with research by Ndiaye et al. (2023), which
revealed that there is no significant difference in consumers’ WTPs
based on the health benefit indicators of hibiscus products. This
could suggest that consumers may not be fully aware of the benefits
associated with different curcumin levels in turmeric. While
curcumin is the compound responsible for turmeric’s medicinal
properties, as mentioned in the introduction, the lack of information
might lead to indifference to consumer preference. However, it is
worth noting that while curcumin levels do not significantly
influence the average consumer, there may be niche markets, such
as health enthusiasts or individuals with specific health conditions,
who value this attribute. This presents a potential opportunity for
market differentiation and further research to understand why
curcumin levels do not influence consumer choice. It is essential to
determine whether consumers are truly indifferent or simply
unaware of the implications of different curcumin levels in turmeric
and turmeric products. This understanding could open up new
avenues for businesses and policymakers. In addition, consumers
have shown a WTP for functional foods when health-related
information is clearly displayed and communicated, as demonstrated
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by Oliveira et al. (2016). Through the analysis of 54 studies on
functional food products and WTPs, Plasek and Temesi (2019)
found that the determinants of consumers’ WTP and the perceived
credibility of health benefits attributed to functional products are
ambiguous. These factors can vary significantly based on the
underlying product and its ingredients, the source of the health
information, the design of the product, and the cultural background
of the country in question.

Since the results from the ML model provide mean parameters
indicating the impacts of each attribute level on consumer utility
compared to the baseline of each attribute, we cannot directly compare
the relative effect of each attribute on utility due to differences in unit
and scale among the attributes (Lancsar and Louviere, 2008).
Therefore, we calculate the relative importance of each attribute to
determine its significance in consumer choice decisions. The relative
importance of an attribute is estimated by dividing the difference in
utility between the highest and lowest levels of a single attribute by the
sum of the utility differences of all attributes (He et al., 2020). The
results are presented in the last column of Table 4. Overall, the place
of origin and price appear to be the most crucial factors, contributing
to 36 and 34% of consumer choices for turmeric, respectively, while
curcumin levels hold the least importance, accounting for only 2%.
Mean marginal WTP and its associated confidence intervals are
estimated for each attribute level (Equations 4, 5) based on the outputs
from the ML models.
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TABLE 5 WTP and 95% confidence intervals for attributes of turmeric.

10.3389/fsufs.2024.1359040

Variables Mean WTP Rank 95% confidence interval
Organic 10.9 1 (9.97; 11.76)

Pure powder 6.70 2 (5.69; 7.72)

Medium curcumin 0.61 3 (0.61; 0.62)

Hawaii 0.44 4 (0.42; 0.44)

High curcumin —0.58 5 (—0.58; —0.57)

Fiji —4.47 6 (—4.47; —4.47)

Jamaica —6.17 7 (—6.34; —6.01)

Asia -10.6 8 (—11.0; —10.3)

India ~11.9 9 (-12.2; -11.7)

These WTPs are derived from the mixed logit models in Table 4 by using Equations 4, 5 on page 11.

The marginal WTP per turmeric product with corresponding
attribute levels is presented in Table 5. The WTP estimates offer
consistent evidence regarding the importance of individual attribute
levels, in line with the previously discussed relative importance of
attributes. Specifically, consumers are WTP the most for organic
turmeric, with a mean WTP of $10.9 per pound (Ib.) and a narrow 95%
confidence interval (9.97; 11.76), indicating strong confidence in this
estimate. The second most valued attribute is “pure powder;” with a
mean WTP of $6.70/b. and a 95% confidence interval (5.69; 7.72). This
suggests that consumers perceive value in the powdered form of the
product. Despite “medium” being ranked third for curcumin content,
the mean WTP is relatively low at just $0.61/lb. This premium value of
turmeric is significantly lower than the organic attribute, implying that
the curcumin content in turmeric is less valued than sustainable
certification when consumers make purchasing decisions. Turmeric
from Hawaii has a low but positive mean WTP of $0.44/1b. This suggests
some preferences, albeit not strong, as indicated in the ML model.

Interestingly, the high level of curcumin has a negative mean WTP
of -$0.58/Ib., implying that consumers might actually prefer to avoid
products with high curcumin levels, perhaps due to price
considerations or a lack of awareness regarding its benefits. Turmeric
from Fiji, Jamaica, Asia, and India all have negative WTP, with India
being the least preferred. This suggests that consumers may have
reservations about the quality or source of turmeric from these places
than products produced in the U.S.

In summary, consumers place the highest value on organic and
pure powdered forms of turmeric, likely due to perceptions of quality,
safety, or effectiveness. Curcumin levels do not appear to strongly
influence WTP, underscoring the potential benefits of educational
efforts if curcumin content is deemed a meaningful quality metric.
Place of origin significantly impacts consumer choices, suggesting a
need for quality assurance or improved marketing for turmeric
products from countries other than the U.S. This could pave the way
for potential growth in domestic turmeric production.

5 Concluding comments

The demand for turmeric and turmeric-based products has surged
in the U.S,, reflecting an increasing interest among Americans in
natural products with health benefits. This research confirms that
consumers are incorporating more turmeric and turmeric products
into their lives due to health concerns and the desire for health
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supplements. Consumer preferences and WTP for turmeric and its
products in the U.S. are influenced and shaped by multiple factors.
Consumers’ choices of turmeric are impacted by product prices, the
place of origin, sustainability certification, and product forms. Notably,
the level of curcumin content in turmeric is not a significant factor,
suggesting that public awareness regarding the importance of curcumin
levels may be limited, and this awareness is not necessarily translating
into purchasing decisions. This result aligns with previous research by
Ndiaye et al. (2023), which indicates that the health benefits of a
product do not influence consumers’ WTP if it is unfamiliar to them.

Our results confirm the importance of the organic attribute such as
“organic” and “pure powder” significantly influence consumer choices
and WTP. Additionally, the product’s geographical origin significantly
impacts consumer preferences, with a preference for domestic turmeric
and a negative preference for turmeric sourced from India, Asia, Fiji,
and Jamaica. This suggests concerns about the quality or safety of the
product based on its origin, requiring attention from both industry
stakeholders and public health agencies to better inform consumers
about the place of origin of turmeric and turmeric products.

This research provides valuable insights into the evolving
consumer attitudes and WTP for turmeric products, serving as an
important resource for both the industry and policymakers. The goal
is to align more effectively with public preferences and health needs.
These results could prove invaluable for manufacturers and marketers
of turmeric products, enabling them to comprehend consumer
priorities better and tailor their products and messaging accordingly.
However, it is essential to acknowledge the limitations of this study.
The number of respondents constrains the research and lacks detailed
information to fully explain consumer perceptions regarding
ingredients in turmeric other than curcumin. Therefore, further
research is recommended to understand why curcumin levels do not
significantly influence consumer choices and explore consumer
perceptions of other turmeric ingredients. Understanding the reasons
behind the lack of impact of curcumin levels on consumer preferences
could provide critical information for businesses and policymakers.
This, in turn, could lead to the formulation of appropriate policies to
improve consumer knowledge and support healthier choices.

The results imply areas where marketing and educational
campaigns could be effectively targeted. For instance, if curcumin
content is a meaningful indicator of product quality or efficacy, better
consumer education about its benefits could be beneficial. Similarly,
enhancing the reputation of turmeric in the U.S. compared to other
countries with less favorable WTP could be a pivotal strategy for
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developing domestic turmeric production. The findings offer
actionable insights into which product attributes to emphasize in
marketing efforts for businesses operating in the turmeric industry.
Certifying products as organic could be a worthwhile investment
given consumer WTP for this attribute. Furthermore, this information
could also prove invaluable for new product development and
optimizing existing product lines.

In summary, this research provides valuable insights into the
evolving consumer attitudes and WTP for turmeric products,
serving as an important resource for both the industry and
policymakers. The goal is to align more effectively with public
preferences and health needs. These results could prove invaluable
for manufacturers and marketers of turmeric products, enabling
them to better comprehend consumer priorities and develop
products and messaging accordingly. However, it is essential to
acknowledge the limitations of this study. The number of
respondents constrains the research and lacks detailed information
to fully explain consumer perceptions regarding ingredients in
turmeric other than curcumin. Therefore, further research is
recommended to understand why curcumin levels do not
significantly influence consumer choices and explore consumer
perceptions of other turmeric ingredients. Understanding the
reasons behind the lack of impact of curcumin levels on consumer
preferences could provide critical information for businesses and
policymakers. This, in turn, could lead to the formulation of
appropriate policies to improve consumer knowledge and support
healthier choices.
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Appendix A

A.1l. A cheap talk script was used in the only survey

“The following questions ask you to make your turmeric selection. When answering the following questions, please make sure that your choice
in this survey is what you would make in a real-world purchase at present. There is a total of 10 consecutive scenarios. Please make your selection
in each scenario independently. Please also keep in mind that your choice made in each of the following scenarios may reduce the budget for your
other purchases should you make such a decision in real life.”

Appendix B

B.1. An example of the choice experiment questions used in the online survey

Characteristics Product A Product B

Fresh root Pure ground

Product

Origin Asia countries USA

Certified USDA organic farming

Organic certification Conventional farming u s D A

Ingredient Medium curcumin High curcumin

Price $12.99/1b $20.99/1b

What will you purchase at a grocery store?
O Product A

O Product B

O Neither Product A nor Product B
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