N3asiiyIne lne 2568; 40(2): 91-105 91

PMsaazasInge UMM NIDUFa NIz UANNEMIUI I anvl uT U M5 Y

[V -V Y daf:l

ﬂigsﬁummsﬁmmamammmmuu

U

uilviey

a d

a v v d a [ v v *
AnsiHan imsen’ USay3ua sudgnsind’ sYaiys iileatios’ gasns As1gsIN”
'wdngaslSyanineenaasuntudia snfisineuas Insnmsiites s daeads aniuInrums uinndeuiiag
73170 Yszimnst Ing

2aaniu Insuins umdnedsuiiaa 73170 Uszmalne

UNAALD
J

a < A A 1 J a IR o £ = 2 o
Lﬂf]ﬁf\]lluLﬂuﬁ’liT]W'U3J’lﬂ‘ﬂﬁﬂGlu‘ﬂalll,ﬂ't']iﬂlluf]EJ@G]NlﬂuﬁWiflﬂﬂﬂﬂ‘ﬁ‘ﬂ’l\ﬂf’]ﬂWWiﬂﬂlNuﬁﬁu

a Q U
9

1 Ao Y S a A v a o J a Aa £ o 0
lﬂ’ia\‘l‘ﬂi'ﬂﬂ331/]111[1@"1]@\1!?]@iﬂnun%ﬁﬂ’lﬁﬂguq‘v\ﬁ NOAANUNITTNDINT uazmvnﬁ/lmmuﬂful,ﬂu
' 1 < @ a [T J a a 1w '
ﬁ')uﬂi%ﬂf]'ﬂ @EJ'Nh],ﬁﬂ@]'liJU\?éll'lﬂﬂ'lﬁﬂiﬂmuﬂ'ﬁiﬂﬁllWﬁlﬂfliﬂﬂuﬂ’lﬂﬂ’liﬂiiﬂﬂﬁ]'lﬂnﬂllﬁaﬂﬂ\iﬂﬁ'n
1 A @ A A a v v o A a o dyd A o s A
ABLUBIIIUIU LAZEIVIAATOIN0UT LN UM TS VT URNT MR UIZ T Y Q1u3ﬂﬂu%ﬂu')ﬂi}ﬂ5$ﬁﬂﬂw‘|@
o ] J o @ a v o W J a
W@lLﬂl!agﬁﬁﬂﬂﬁﬂﬂﬂﬂ!ﬂWWﬂJ@QLL'UUET@UQ']1111’?3“!,‘1_]‘]_]f)'f]uulaUﬂ"ﬁ"i5Uﬂﬁgluuﬂ1iﬁﬂﬁuﬂﬁlﬂﬂiﬂuu

1 Ao Y a o dyd @ 1 J Y o
mmmmmuﬂﬁxmu"lﬂ Gl,‘LIfnﬁ'J%fJ‘LliJﬂ’]TW?JJH'ILUJUﬁ@ﬂﬂ’]uﬁlﬁullﬂﬂaﬂuqau Uszneaualomniu
d‘ [ oA a o I A = a = a [ s £ o a [ J
LﬂfJ'Jﬂ’ULH’iaﬁﬂu’]ﬂl@ﬂﬂa@ﬂmm%ﬂiiﬂﬂ ﬂi3J1fl!!La$ﬂ31l|ﬂﬂ1'§lliTﬂﬂWﬁﬁﬂm“ﬂﬂlNusﬁu (Wannnen

a o Jd A a < J 1 a {
ﬂ'i?!ullW3 UASHAANUNITIUDINITIDAUYN 10 518ﬂ13%1ﬂl')ﬂl1°]fﬁ 4 UNaN) ﬂ’liﬂiiﬂﬂ@']ﬁ'liﬁﬁ
2 o ] 4 1 1 [4) Y Yy 9 g 9 4
YUUBU (91115 11 Yy 6l]'l"ﬂl,'ll‘]J“l‘ﬂ)'ﬁ 8 WA YU TSNS Llﬂ\ﬂﬁ'llsl,@ sll']'J°I’il|'f’I“l'f’l \Wuau Iﬂﬂfﬂﬁi‘ﬂ
v W d A o =Y Jd A s Qy v A EY 1
mJNﬁmaﬁﬂuumuamﬁ]”|ﬂﬂ33J”|mmmm’esg]uu’eEJﬂ‘mzu‘uuﬂmﬂuazﬂc‘}mmﬂmu%uﬂﬂmmazmg

Y 9 H
LL‘]J‘IJ?ff’J‘]_IﬂﬂJﬁhl@?’illﬂ?'iﬁi’lﬁ]ﬁ"f)‘IJﬂ’3111@ﬁQ@TNLﬁ@ﬁTIﬂﬂﬁj}L%ﬂ’J%TﬂJ 7 MULASATIVTADUAIY

=1

1 4 9o’ a a 1Y I'd Qy % o Aa o 1
‘Ll%%@ﬁi’)ﬂl’ﬂﬁﬂﬁﬂﬂﬁﬂﬂ%’ﬂuEjﬂiiﬂﬂﬂﬁ@]ﬂm“ﬂﬂmu“ﬁu 1UIU 33 AU WNANITIVYNUIN UUVFDUDIN

D,

I 3

2 ¥ T W [ 4 H a
WU UTASTAMUATIANILBY (N1PU 1 AU NYBDVRINITNATo U INAIdNT2 AN
Y Y v
ANFURUTIZHINMINATOUATIUTNUALATINGDI A0 0.997, 0.869 1AL 0.918 TIHTUNAAN UG

Y v 9 ' v
PHUFU DIMINHITUTU LAZUREINUIVDINAAN DN MUY LUVFOUDINNHIUNTATIVAOULE?

4
=

1] 9 i
denusniin I lsssidumssududaaaaes anuluau Inenldnaasaunuiusuiodsziiuaiuy

U

[@oaogun I luouIng

4
o @

o o w J a A a J Lo a v o o
MAAY: IADIPNU VNUFU WAANNNIINVNUTU MsYsziumssuaune NITATIVADUAUNMNUUUFD VDY

Fuwunaaw: 17 nsngiaw 2568 udly: 22 Auerew 2568 nouTu: 2 gaiAw 2568

* Yo

ASURATEULNAIN
AAUNT ATIYFITY
aoiuTaruns uninedeniing 999 WNTUUNG d10 4 F1VAMA11 SUNOWNTUAUMA I IAUATUFU 73170

GIGE dunyaporn.tra@mahidol.ac.th; dif.dunyaporn@gmail.com

Thai J Toxicol 2025; 40(2): 91-105



N3asiiyIne lne 2568; 40(2): 91-105 92

Development and Validation of a New Food Frequency Questionnaire for Estimating the
Consumption Frequency of Turmeric for Risk Assessment of Curcumin Exposure in

Adults

Pimnida Phaorord! Pharrunrat Tanaviyutpakdee? Chawanphat Muangnoi’
Dunyaporn Trachootham?”
! Master of Science Program in Toxicology and Nutrition for Food Safety, Institute of Nutrition, Mahidol University, Nakhon

Pathom 73170, Thailand
2 Institute of Nutrition, Mahidol University, Nakhon Pathom 73170, Thailand

Abstract

Curcumin is the primary type of curcuminoids, which are the bioactive compounds in
turmeric (Curcuma longa L.). There are multiple edible sources of curcumin, including
turmeric-containing herbal medicines, dietary supplements, and culinary preparations.
However, the total long-term continuous exposure to curcumin from all these sources and its
safety profile had not yet been established, and no appropriate tool for measuring such exposure
was available. This study aims to develop and validate a new online questionnaire to estimate
curcumin exposure from edible sources. A new online questionnaire was developed. It
includes questions about the source of consumed products, dosage, and frequency of turmeric
product consumption (10 popular herbal medicines and dietary supplement products based on
4 websites), and turmeric food consumption (11 turmeric-based dishes from 8 websites
such as satay, Southern-style sour soup, and chicken biryani). The amount of curcumin in
products and food was estimated based on the curcuminoid content specified on the product
label and the amount of turmeric in the recipe. Seven experts validated the content of the
questionnaire. Test-retest reliability of the questionnaire was assessed in 33 users of turmeric
products. The developed questionnaire achieved a content validation index of 1. The test-retest
reliability had correlation coefficients of 0.997, 0.869, and 0.918 for the turmeric product
consumption, turmeric food consumption, and source of product sections of the questionnaire,
respectively. This validated questionnaire can be further used to assess the curcumin exposure

and risk assessment among Thai consumers of turmeric-containing products in future studies.
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Introduction

Turmeric (Curcuma longa L.) is a
plant in the ginger family. It is commonly
used as a spice or food coloring agent in
Thai, Indian, and Chinese cuisines . The
major bioactive compounds, including
curcuminoids and volatile oils, are known
to have health benefits such as improved
digestion, antioxidant, antimicrobial, anti-
inflammatory, anti-arthritis, anticancer, and
antilipidemic activities 7.

Among curcuminoids, curcumin is
the major compound of the total curcu-
minoid 2. Turmeric products have a wide
range of applications, including use as food
ingredients, cosmetics, dietary supple-
ments, and herbal medicine. The
International Trade Centre reported that
China and India are the major global
exporters of turmeric products. While
Thailand ranks 10" in exports, the country
has produced and domestically used
turmeric products in large quantities ®.
Due to its multiple uses, turmeric was
recognized as Thailand's herbal product
champion and established on the National
List of Essential Herbal Medicines in
Thailand, with indications for relieving
bloating, flatulence, and reducing gas °-'°.

Currently, products containing herbal
ingredients are in high demand among health-
conscious consumers, as evidenced by the
continuous growth of the herbal products

market, with a CAGR of 20.9% from 2024
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to 2030 ''. Both curcuminoid-containing
herbal medicines and dietary supplement
products are popular worldwide. Since the
packaging of both types of products looks
similar and can be purchased without a
prescription, people may misunderstand
that turmeric therapeutic items are dietary
supplements. Since the doses of curcumi-
noids in herbal medicines are higher than
those of dietary supplements, such a
misunderstanding may lead to long-term
continuous consumption of high-dose
curcumin from herbal medicine. The
European Food Safety Authority (EFSA)
has established an acceptable daily intake
(ADI) for curcumin, limiting the safe daily
dose to 3 milligrams per kilogram of body
weight per day '2. If a person's standard
body weight is 60 kilograms, the maximum
daily intake is 180 milligrams. If a
consumer takes curcumin more than this
amount regularly, there may be a health risk
due to liver damage '%. Therefore, exposure
and risk assessment of curcumin from all
sources for long-term continuous exposure
is needed. Currently, there are only studies
on curcumin exposure from food in Iran,
Korea, and the United Kingdom 315,
However, no studies have determined the
total exposure to curcumin from all edible
sources, including herbal medicines,
dietary supplements, and culinary prepara-
tions or common turmeric-based dishes.

This is due to the lack of a suitable tool to
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estimate the total exposure of curcumin
from these sources. Therefore, the objective
of this study was to develop a new online
questionnaire to  estimate  curcumin
exposure from all edible sources and
validate it among Thai consumers of
curcuminoid-containing  products. The
validated questionnaire can be used in

future studies to assess exposure and risk

associated with curcumin.

Materials and Methods

Ethical aspects and setting

The protocol of this study was
approved by the Mahidol University
Central Institutional Review Board (MU-
CIRB) of Mahidol University. The project
ID is 2024/264.1806, and the COE number
is 2024/109.1107.

Study design

This research is an observational
study aimed at developing and assessing the
content validity and test-retest reliability of

a new questionnaire for estimating
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curcumin exposure from various edible

Sources.

Research procedure

A Thai-language questionnaire was
developed to estimate turmeric
consumption by reviewing curcumin-
containing herbal medicines and dietary
supplement products approved by the Thai
FDA, and common turmeric-based dishes.
The online questionnaire consisted of four
sections: screening questions, general
information, turmeric product use, and
intake of turmeric-containing meals. Seven
experts assessed content validity, and the
questionnaire was revised accordingly until
a favorable validity was achieved. The
validated questionnaire was then further
evaluated for test-retest reliability. Thirty-
three participants completed the online
questionnaire twice, one week apart. Then,
the correlation between the answers from
the first and second rounds of the
questionnaire was calculated. The steps in
the development of the Food Frequency

Questionnaire (FFQ) are illustrated in

Figure 1.
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Development
of Collect data of the turmeric herbal medicines and supplements
. . products based on popularity and FDA approved
questionnaires

¥

Select common turmeric-based dishes with specified amount of turmeric

¥

Draft Food frequency questionnaire (FFQ)
(source of consumed products,

turmeric product consumption, turmeric food consumption)

Content Validation 7 experts review the FFQ

th

Clarity question’s score 1-5 and calculated the CVI value

«

Revise the FFQ until CVI = 0.86

«

Test-retest reliability 33 participants answered the FFQ twice,

one week apart.

«  «

Normally distributed,
Pearson’s correlation coefficient was used

«

A correlation coefficient of at least 0.8

is considered satisfactory

Figure 1. Procedures for development and validation of the questionnaire
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Development of the questionnaire

The design of this new online
questionnaire began with a search on the
Thai Food and Drug Administration (FDA)
databases for approved lists of herbal
medicines and  dietary  supplements
containing curcumin. Therefore, seven
brands of herbal medicines and three brands
of turmeric dietary supplements were
identified based on commonly recom-
mended turmeric products from online
sources. Then, popular Thai turmeric-
containing menus are compiled, including
Southern-style sour soup, Southern Stir-
Fried Pork with Yellow Curry Paste, boiled
chicken with turmeric, Chicken Biryani,
Satay, Ayam Golek, Southern Khanom Jeen
Salad, Turmeric Grilled Chicken, Turmeric
Fish Soup, Khao Soi, and White Turmeric.
Ten popular and widely consumed turmeric-
based dishes, with recipes specifying the
amount of turmeric used, were selected from
eight cooking-related websites 162, The
developed questionnaire also allowed
respondents to specify turmeric products or
other turmeric-based dishes beyond the top
ten chosen options.

Next, the questionnaire is created and
divided into four sections: screening
questions, general information, consump-
tion of turmeric products, and intake of
turmeric-containing meals. The questions of
general information include weight, height,

age, congenital disorders, gender, region of
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residence, history of turmeric intake
during pregnancy, and breastfeeding.
Questions regarding the intake of
turmeric products include the brand, the
amount of daily consumption, the
consistency and regularity of intake, the
person who prescribes or suggests the use
of these items, and the sources for turmeric
products. This research selected the top ten
popular products approved by the Thai
Food and Drug Administration (Thai FDA),
comprising seven brands of turmeric herbal
medicine and three brands of turmeric
dietary supplements. The list of popular
products was selected based on four
websites 2427, Respondents can add other
brands by completing the questionnaires.
For questions about the turmeric-containing
food, eleven common menus are available.
The question pertains to the quantity and
frequency of meals consumed each week,
as well as the consumption of a variety of
turmeric-containing dishes in a single day.
To estimate exposure to curcumin based on
the questionnaires, the curcuminoid amounts
in each product and menu had been compiled.
The amount of curcuminoids in turmeric
products was obtained from the label. If the %
curcuminoid content on the label is absent,
the standard value from the Thai Herbal
Pharmacopoeia at 5% curcuminoid 3. Then,
the value was multiplied by 0.77, as curcumin
accounts for 77% of the total curcuminoids in

commercial turmeric products %.
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The amount of turmeric used in the
selected menus was estimated by averaging
ingredient quantities from standard recipes
collected from popular Thai online cooking
platforms, including https://cookpad.com/,
https://www.wongnai.com/recipes/, https://
cooking.kapook.com/, and https://www.thai
tastetherapy.com/. The curcumin content per
dish was then calculated using reference
values for curcumin concentration in

turmeric, as reported in the literature *3°.

Content validation

The developed questionnaire was
distributed to a panel of 7 specialists. For
content validity, seven specialists in herbal
product registration, toxicology, food
science, home economics, contemporary
medicine, traditional Thai medicine, and
pharmacists  evaluated the research
instrument by assigning a score to each
question. Each query was assessed by each
expert on a scale of 1 to 5. The criteria
for evaluation: 5 = extremely clear (com-
prehensible by all), 4 = quite clear (com-
prehensible by most individuals), 3 = fair
(comprehensible but requiring a minor
edit to enhance clarity), 2 = requires revi-
sion, and 1 =unacceptable (requires quest-
ion modification). The scores were uti-
lized to compute the content validity index.
After review, the questionnaire was revised
according to their recommendations until

favorable content validity was attained.
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Test-retest reliability

A previous study suggested that at
least 30 participants were required for the
test-retest reliability *'. In this study, the
inclusion criteria were healthy individuals
aged 18 or above who had resided in
Thailand for at least five consecutive years,
had a history of consuming turmeric
products within the past year, were
proficient in Thai, and could complete the
questionnaires online. Exclusions from this
study were made based on the following
criteria: (1) suspected of dementia; (2)
prescribed antipsychotic medications; (3)
diagnosed with liver illness; (4) confirmed
with kidney disease. Participants were
recruited via an announcement on social
media platforms. In this study, thirty-three
individuals who met the inclusion and
exclusion criteria were recruited and
provided consent by signing appropriate
forms. Prospective participants in the
research project were required to click on
the link to complete the online screening
process. Once the conditions were fulfilled,
informed consent was obtained online.
Next, the participants completed the initial
set of surveys, which took about 5 minutes
to complete. One week later, the researcher
contacted the same participants via email to
request their completion of the second
round of questionnaires. Based on the
correlation analysis, questions with notable

variations in responses between the first


https://www.wongnai.com/recipes/
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and second rounds were modified. Then,
the participants were instructed to repeat
the questionnaire filling, and the data were
re-analyzed until satisfactory reliability was

achieved.

Statistical analysis

The content validation index (CVI)
was determined by dividing the number of
experts who provided favorable judgments
(score of at least 3 out of 5) by the total
number of experts 2. The CVI of each
question was computed, and a CVI of 0.86
or above was considered acceptable. For the
test-retest reliability since the data were
normally distributed, Pearson’s correlation
coefficient was calculated to determine the
relationship between the answers of the first
and the second rounds. A correlation
coefficient of at least 0.8 is considered
satisfactory 3. All statistical analyses were

performed using SPSS V. 26.
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Results

Content validity of turmeric consumption

An initial review by seven experts
resulted in an unsatisfactory content
validity index. However, as shown in Table
1, after revision according to the experts’
suggestions, all questions in the question-
naire achieved a content validity index of
1. As a result, the content validity is

acceptable.

Test-retest reliability

As shown in Table 2, the study
included 33 participants. Most of them are
female, aged 23-59 years old, and living in
the Northern part of Thailand. Almost
seventy percent had a medical history. Most
female participants never got pregnant or
gave breastfeeding. Since there are three
sections of turmeric-related questions in the
questionnaire, as shown in Table 3, the
correlation coefficients between the answers
of the first and second tests of all three
sections were between 0.869 and 0.997, with
p-values < 0.01. Thus, the test-retest
reliability of the questionnaire is considered

satisfactory.
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Table 1. The raw scores from seven experts with each item's content validity index (I-CVI)

Question No. Expertl  Expert2 Expert3 Expert4 Expert5 Expert6 Expert7 [-CVI

o)
o)
o)
N
W
o)

W WWPHAPMPRNWWLWLWWWRARWWWWWWREAERWWWWWRNWWEAED™SNDSDRN
LWWwumwuwuwunh,rpbpbhnbhbhrp,hr,r,rh,rphpooounpbh,,h,,rpP,rooumoun b PO
[V, IV, IRV, BV, BV, IV, IV, BV, IRV, BV, BV, IV, BV, IV, BV, BV, BV, IV, IV, IV, IRV, BV, IV, BV, IV, BV, BV, BV, RO, BV, IV,
N I S S S N NG S T G S G S S ~ VS TR SN SN SN SN SN SN VS I S S S S T > T S SV SR VS IR OS)
AP, B OO0 OOl nUnhOnhhnh nOhnhhnhhnhhnhnhnhhnhhnh nhnh nhhn n
DN L hnhnhhnhnhhhnhhnhhnhhnhhnhhnhhnhhnhhnhnhhnhDnhhnnhhnhhnhnonhh nhn
AU BPAOUBAEAPRAOOUOAOULO U OO nnhhn B 0 hnhhnnhnh nhn nn
= e e b e b e e e b e b b e e b e e e e b e e e e e e e e e

W W WD/ /=== == = = =
[\)'—‘OOOO\]O\(JILUJI\)»—AOQOO\]O\MLwN,_OOOO\]O\M-bWN’—‘

Scoring criteria: 5 = very clear (understandable by all), 4 = quite clear (understandable by most
people), 3 = fair (understandable but minor edit would improve clarity), 2 = needs revision, 1 =
unacceptable (needs question change).

Thai J Toxicol 2025; 40(2): 91-105
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Table 2. Characteristics of participants (n=33)

Characteristics Mean + SD

Weight (kg) 61.43 +£12.35

Height (cm) 161.42 +8.31

BMI (kg/m?) 23.82+4.26

Characteristics Number of persons Percent
(%)

Age
18 -22 0 0.00
23-43 22 66.67
44 - 59 8 24.24
60 — 80 3 9.09

Medical history
Yes 23 69.70
No 10 30.30

Sex
Male 10 30.30
Female 20 60.61
LGBTQ+ 1 3.03
Not specified 2 6.06

Turmeric product

consumption history

* During pregnancy
Yes 1 3.03
No 7 21.21
Never pregnant 25 75.76
* During breastfeeding

Yes 0 0.00
No 7 21.21
Never give breastfeeding 26 78.79

Domicile
Northern region 16 48.48
Central region 3 9.09
Northeastern region 3 9.09
Southern region 5 15.15
Eastern region 5 15.15
Western region 1 3.03

Thai J Toxicol 2025; 40(2): 91-105
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Table 3. Pearson’s correlation coefficients between the first and second answers of the

Turmeric-containing Product, Turmeric-containing food Consumption, and the source of the

product sections of the questionnaire

Consumption Data Coefficient value p-value
Turmeric product consumption 0.997 <0.01
* Herbal medicine 0.995 <0.01
* Dietary supplement 1.000 <0.01
Turmeric food consumption 0.869 <0.01
Source of Product 0.918 <0.01

Discussion

This study developed and validated a
Thai-language questionnaire to estimate
curcumin  exposure  from  turmeric-
containing products. The CVI achieved a
value of 1, suggesting that the questionnaire
items were relevant and representative of
turmeric consumption, thereby confirming
adequate content validity. Test-retest
reliability for the turmeric product
consumption, turmeric food consumption,
and source of product sections yielded
correlation coefficients of 0.997, 0.869, and
0.918, respectively, suggesting that the FFQ
produced consistent responses over time.
The questionnaire demonstrated satisfactory
content validity and test-retest reliability.
Together, these results indicate that the
newly developed FFQ is both valid and
reliable for assessing curcumin exposure,
confirming its suitability as a data collection

tool. To our knowledge, this is the first

questionnaire that comprehensively covers

Thai J Toxicol 2025; 40(2): 91-105

curcumin exposure from edible sources,
including turmeric herbal medicines, dietary
supplements, and turmeric-based food
items.

In comparison to previous studies,
this research offers a more inclusive
approach. For instance, Hashemian et al.
utilized a Food Frequency Questionnaire
(FFQ) focused on dietary turmeric intake,
but excluded medicinal products .
Similarly, Kwon’s study in Korea used 24-
hour recall data, focusing on food intake
without assessing turmeric product use,
which resulted in an underestimated

exposure 4.

In Europe, particularly in the
UK, exposure assessments conducted by
the EFSA focused primarily on food data
from national surveys, excluding herbal

15 This may

medicines and supplements
have led to lower exposure estimates. In
contrast, our current study accounted for
both medicinal and dietary sources,

including brand-specific product intake,
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frequency, dosage, and consumption habits.
By incorporating all potential sources,
including  high-concentration  herbal
products, the present study provides a more
comprehensive estimation of curcumin
exposure.

Besides covering all edible sources,
this study develops a questionnaire on an
online basis, which is useful for future
applications. The questionnaire captured
details such as daily intake amounts,
frequency, and continuity of consumption,
providing relevant data for a risk
assessment. Consistently, the study by
Hashemian et al. also utilized a validated
questionnaire to roughly estimate turmeric

3. However, such an

consumption
approach may not be suitable for risk
assessment because the extracted data did
not have implications for high-curcumin
product consumers, such as those who take
turmeric herbal medicine. Our current study
developed a questionnaire to estimate the
amount of curcumin exposure among
turmeric consumers. Therefore, it is more
appropriate for future risk assessment
studies that have important implications for
high-risk groups, including regular users of
turmeric herbal medicines and dietary
supplements and populations with culinary
preparation  turmeric intake.  These
individuals are more likely to exceed the
acceptable daily intake (ADI) of curcumin,

which has been associated with
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hepatotoxicity and other adverse health
effects.

This study has several strengths. First,
the questionnaire was developed based on
reliable evidence, including governmental
databases and literature. Second, it was
carefully validated by experts from various
fields, including medical professionals,
scientists, and regulators for food, products,
and herbal medicines. Third, the test-retest
reliability test was conducted with a one-
week gap between the first and second
rounds of the questionnaire. Nevertheless,
some limitations should be noted. First, the
questionnaire selects popular turmeric
products based on 4 websites. Therefore, it
may not cover all kinds of products. Some
food products such as beverages, medical
foods, and food products containing
curcumin as food additive are not included.
Nevertheless, for additive application, food
industry usually use a trace amount of
curcumin as coloring agent (much lower
amount of curcumin than those of herbal
medicines or dietary supplement). For
medical food, the target group is more
likely specific groups of patients. Thus, this
questionnaire is more suitable for general
population. However, future studies can
further modify the questionnaire to be used
in specific patients. Second, the curcumin
content was estimated based on product
labeling, which may not reflect actual

concentrations. Laboratory verification
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using analytical methods ** is recommended
in future studies. Third, the use of
convenience sampling via online platforms
may not represent the full geographic and
demographic diversity of Thailand. In this
study, the Northern Thai population
appears to be dominant, while the Southern
population, where turmeric consumption is
traditionally high, was recruited in small
percentages. A stratified sampling approach
should be considered in future studies to
ensure an even distribution across the region
and reduce bias *°. Fourth, reliance on self-
reported online surveys may introduce
reporting bias. Future studies, if possible,
should include both an online survey with a
large sample size and face-to-face
interviews with a small group to obtain

more accurate responses.

Conclusion

This study developed and validated a
Thai-language questionnaire to estimate
curcumin exposure from all edible sources.
The developed questionnaire achieved a
content validation index of 1. The test-retest
reliability had correlation coefficients of
0.997, 0.869, and 0.918 for the turmeric
product consumption, turmeric food
consumption, and source of product sections
of the questionnaire, respectively. The
instrument demonstrated acceptable levels
of content validity and test-retest reliability,

covering a range of curcumin sources
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including herbal medicines, dietary
supplements, and turmeric-containing
foods. While further validation in broader
populations is recommended, the question-
naire provides a promising tool for
supporting future research. This tool may
serve as a helpful starting point for
evaluating curcumin exposure from
turmeric intake and supporting future safety

assessments in Thai consumers.
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