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ABSTRACT

Background: The Meat Attachment Questionnaire (MAQ) is a scale to measure the positive
bond in meat consumption.

Aims: This study aimed to validate and assess reliability of the Turkish version of the MAQ and
to explore its relationship with various factors, including sociodemographic characteristics, meat
consumption habits, and subscales of the Green Eating Survey (GES).

Subjects and Methods: The study was carried out with 214 university students. Participants
completed the MAQ), the Food Frequency Questionnaire, and the GES. Statistical analyses
including item analysis, Cronbach’s alpha, intraclass correlation coefficient test - retest reliability,
one-way ANOVA, Welch ANOVA, #-test, Pearson’s correlation, and post hoc tests (Tukey’s
HSD and Games-Howell), were performed using SPSS (version 26). Confirmatory factor analysis
(CFA) was conducted with the lavaan (version 0.6 — 13) and semPlot (version 1.1.6) R packages.
Results: All factor loadings were statistically significant, and high fit indices were obtained for
the model tested in the second-order CFA model. (x*/df = 151,93/101 = 1.50; RMSEA = 0.05;
SRMR = 0.08; NFI = 0.97; NNFI = 0.99; CFI = 0.99; GFI = 0.98; AGFI = 0.97). Significant
differences were found in several MAQ subscale scores: hedonism, entitlement, dependence, and
global scores were higher among men (p < 0.05). The entitlement score was significantly higher
in the “income < expenses “group compared to the “income = expenses “group (p < 0.05).
Participants with higher red meat and poultry consumption exhibited significantly higher
hedonism, dependence, and global MAQ scores (p < 0.05).

Conclusions: The Turkish version of the MAQ can be accepted as a reliable and valid scale for
use among university students. While factors such as sex, income level, and meat consumption
appear to influence MAQ scores, body mass index and green eating behaviors do not have a direct
effect.
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1 Introduction

Meat is a vital component of a healthy and balanced diet due
to its rich nutritional profile. In this context, meat provides
essential nutrients, including iron, selenium, zinc, and
vitamin B12, as well as highly bioavailable protein. Organ
meats such as liver, are particularly rich in vitamin A and folic
acid (Biesalski, 2005). In addition, meat and meat products
contribute to the absorption of fatty acids and fat-soluble
vitamins, helping to prevent deficiencies in these nutrients
(Boada et al., 2016). On the other hand, red meat and
processed meat products are high in saturated fats and
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cholesterol. Excessive consumption of these products has
been associated with the development of various metabolic
diseases, such as obesity, insulin resistance, type 2 diabetes,
hypertension, atherosclerosis, metabolic syndrome, and
certain cancers (Battaglia-Richi et al., 2015). Beyond health
implications, excessive meat consumption negatively impacts
environmental sustainability. The increasing global demand
for meat has led to expanded livestock farming, land
degradation, biodiversity loss, and the depletion of freshwater
resources (Clonan et al., 2015; Meier et al., 2022; Reynolds
etal., 2014).
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Avoiding excessive use and degradation of natural resources
and preserving biodiversity and ecosystems bring up a
nutrition system defined as Green Eating (GE). High levels
of meat consumption constitute a significant obstacle to
achieving sustainable living (Clonan et al., 2015; Hallstrom
etal., 2014; Meier et al., 2022; Pekcan, 2019; Reynolds et al.,
2014). Numerous studies have explored the environmental
impacts of meat consumption and the role of GE in
promoting sustainable nutrition (Austgulen, 2014; Austgulen
et al., 2018; Godfray et al., 2018; Lacroix, & Gifford, 2020;
Mann, 2018; Macdiarmid et al., 2016; Onal et al., 2022;
Sanchez-Sabate, & Sabaté, 2019). In this context, Tobler et
al. (2011) determined that consumers perceived avoiding
excessive packaging as the most effective behavior for
environmental benefit while reducing meat consumption and
purchasing organic food were deemed less impactful. Despite
these perceptions, participants were reluctant to reduce their
meat consumption or purchase organic food. In a study
conducted by Jallinoja et al. (2016) vegetable protein sources
remained less preferred than animal protein in several
European countries. A web-based population survey
conducted in Finland in 2013, involving participants aged 15
— 64 years (n = 1048), demonstrated that bean and soy-based
plant proteins have been seldom consumed. In societies with
high meat consumption, various strategies have been
proposed to encourage the adoption of plant-based protein
foods to foster sustainability.

Worldwide per capita meat consumption (kg/person/year)
increased significantly from 23.1 kg in 1961 to 42.2 kg in
2011 (Sans & Combris, 2015). This situation can be
attributed to the urbanization, improved income levels, and
population growth in developing countries (Daniel et al.,
2011). In Tirkiye, the average daily red meat consumption is
reported as 34.9 g/day for individuals aged 15 — 18 and 39.5
g/day for those aged 19 years and older (Ttirkiye Nutrition
Guideline, 2022). Addressing the health and environmental
challenges posed by excessive meat consumption requires
identifying the personal and societal factors influencing meat
consumption. The Meat Attachment Questionnaire (MAQ)
serves as a valuable tool for evaluating individuals’
psychological attachment to meat consumption (Graga et al.,
2015). According to existing literature, factors such as sex,
income level, meat consumption frequency, body mass index,
and GE behavior are significant determinants of meat
attachment behavior (Daniel et al., 2011; Rosenfeld et al.,
2021). The relationship between meat attachment and GE
behavior is particularly relevant in higher education
participants such as university students, who are key drivers
of dietary trends. Validating the Turkish version of MAQ
offers an opportunity to explore the psychological dimensions
of meat consumption among Turkish individuals, shedding
light on barriers to sustainable nutrition. This includes the
challenges posed by high meat consumption and
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unwillingness to adopting plant-based diets. The Turkish
MAQ can serve as a foundational tool in future sustainable
nutrition research to avoid meat attachment behavior (Graca
etal., 2015). This study aimed to: (1) validate and address the
reliability of the Turkish version of the MAQ; (2) explore its
relationship with sociodemographic characteristics; (3),
evaluate its association with meat consumption frequency;
and (4) examine its correlation with scores from the Green
Eating Survey (GES) among university students.

2 Methods
2.1 Study design

This cross-sectional survey study was carried out with
university students aged 18 and above, adhering to the
principles of the Declaration of Helsinki. The required
sample size was determined based on the criterion of having
10 participants per questionnaire item. As the MAQ consists
of 16 questions, the minimum required sample size was
calculated to be 160 participants. To account for a potential
10% dropout rate, a minimum of 176 participants was
deemed sufficient (Giindiizoglu et al., 2014).

The adequacy of the n sample size was further confirmed
using Hoelter's critical N, which determine the minimum
sample size necessary for a specified level of statistical power
in structural equation modeling (SEM). In this study, the
Hoelter's critical N value indicates the minimum sample size
at which the model's chi-square statistic reaches statistical
significance at the desired power level. In our study,
Hoelter's critical N was calculated to be 176.88 for 80%
power at a 5% significance level. A total of 258 university
students completed the data collection form. After excluding
44 surveys due to incomplete responses, data from 214
participants were analyzed. This sample size was sufficient to
validate the model.

Ethical approval for the involvement of human subjects in
this study was granted by Istanbul Esenyurt University
Human Research Ethics Committee (reference number 2023
/ 02 — 2, dated 26/01/2023). Informed consent was obtained
from participants through the statement: “/ am aware that
my responses are confidential, and I agree to participate in this
survey,” with affirmative confirmation required to proceed.
Participants were also assured of their right to withdraw from
the survey at any time without providing a reason.

2.2 Study design

The data collection form constituted four parts are detailed as
follows:

= Sociodemographic Properties: The participants’ weight,
marital status, height, sex, age, class grade, chronic disease
status, use of medication, income level, accommodation,
and nutritional status were addressed.
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* Meat Attachment Questionnaire (MAQ): The MAQ
was designed to assess consumers' willingness to reduce
meat consumption and transition toward a plant-based
diet. Itis a 5 — point Likert scale questionnaire consisting
of 16 items, measuring positive attachment to meat
consumption. Response options range from 1 (strongly
disagree) to 5 (strongly agree), with reverse scoring
applied to items 4, 6, 9, 13, and 14 (for instance, 1 = 5; 2
=4;3=3;4=2;5=1). The MAQ evaluates four
dimensions:  hedonism,  affinity,  entitlement,  and
dependence. In addition, a second-order global score
represents an overall measure of positive attachment to
meat. Scores for each dimension and the global scale
range from 1 to 5, with higher scores indicate higher levels
of attachment toward meat consumption. Internal
reliability analysis yielded Cronbach's alpha (CA) values
0f 0.77 — 0.90 for the factors and 0.92 for the global score
(Graga et al., 2015).

Green Eating Survey (GES): The GES evaluates
environmentally conscious eating behaviors (BEH) and
incorporates constructs from the GE transtheoretical
model, including the Stage of Change (SOC), Decisional
Balance (DB), and Self-Efficacy (SE). The survey consists
of 25 items divided into four subscales, with Cronbach's
alpha values ranging from 0.72 to 0.85 (Weller et al,,
2014). The Turkish adaptation and validation of the GES
were conducted by Cambaz et al. (2021), reporting CA
values between 0.72 — 0.84.

Food Frequency Questionnaire (FFQ): The FFQ was

included to examine the relationship between meat

consumption frequency and MAQ subscale scores. The
participants were asked to report their consumption of
specific foods, such as red meat and poultry, over the past
30 days. Frequency options included: az least 5-6 times a
week, 3—4 times a week, 1-2 times a week, and at most once

every 15 days.
3.3 Turkish adaptation protocol

The Turkish adaptation of the questionnaire was carried out
following the standardized application procedure proposed by
Brislin  (1986). Inidally, the questionnaire items were
translated into Turkish by the primary researcher fluent in
both languages. Subsequently, the translated items were back-
translated into English by a team of independent academics
proficient in both languages. This iterative translation process
continued until the questionnaire was free of inconsistencies,
errors, biases, or incompatibilities (Brislin, 1986).

3.4 Adaptation protocol

The cultural adaptation of MAQ was completed through a
pilot study involving 20 university students. During this
phase, participants confirmed that the questionnaire was clear
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and comprehensible. Minor modifications based on
participant feedback were incorporated into the final version.

3.5 Test-retest procedure

To evaluate the test-retest reliability of the MAQ, a second
application was conducted two weeks after the initial
administration. This procedure involved a randomly selected
subset of 40 participants from the original sample (Bakur et
al., 2021).

3.6 Statistical analysis

Descriptive statistics were used to summarize the data:
quantitative variables were reported as mean (x), standard
deviation (SD), minimum, and maximum values, while
categorical variables were expressed as numbers (n) and
percentages (%). One-way ANOVA, Welch's ANOVA, t-
test, Tukey's Honest Significant Difference (HSD), and
Games-Howell Post Hoc tests were used to compare MAQ
and GES factors with sex, body mass index (BMI), income
level, and meat consumption. Pearson’s correlation analysis
was performed to determine the correlation between MAQ
and GES factors.

Reliability of the MAQ was assessed using CA coefficient,
item analysis, and the intraclass correlation coefficient ICC).
CA was used to measure internal consistency, with the
following interpretative ranges:

- 0.00 < a < 0.40: Unreliable

- 0.40 < a < 0.60: Low reliability

- 0.60 < a < 0.80: Reliable

- 0.80 < a < 1.00: Highly reliable

The ICC mainly evaluated test-retest reliability, with
interpretative thresholds as follows:

- ICC < 0.5: Poor reliability

- 0.5 <ICC < 0.75: Moderate reliability

- 0.75 < ICC < 0.9: Good reliability

- ICC > 0.9: Excellent reliability (Koo & Li, 2016).

The construct validity of the questionnaire was tested using
confirmatory factor analysis (CFA). Goodness-of-fit indices
employed included:

- Chi-square difference statistics (x*/df)

- Root Mean Square Errors of Approximate (RMSEA)

- Standardized Root Mean Square Residuals (SRMR)

- Normed Fit Index (NFI)

- Non-Normed Fit Index (NNFI)

- Comparative Fit Index (CFI)

- Goodness of Fit Index (GFI)

- Adjusted Goodness of Fit Index (AGFI) (Akyiiz, 2018).

Descriptive statistics, item analysis, CA, ICC test-retest
reliability, one-way ANOVA, Welch ANOVA, t-test,
Pearson's correlation, Tukey HSD, or Games-Howell Post
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Hoc tests were performed using IBM SPSS (version 26). CFA
was conducted using lzvaan (version 0.6 — 13) and semPlot
(version 1.1.6) packages in R. A p-value of < 0.05 was
considered statistically significant.

3 Results
3.1 Characteristics of the study participants

The socio-demographic characteristics of participants are
summarized in Table 1. Of the participants, 75.7% were
female, and 24.3% were male. Among female participants,

3.2 Validity and reliability of Turkish
version of MAQ

The CA and ICC values of the MAQ factors are presented in
Table 2. Accordingly, the CA values for the subscales of the
questionnaire were as follows: hedonism (0.91), affinity
(0.74), entitlement (0.76), dependence (0.83), and global
score (0.91). In the test-retest reliability analysis, the ICC
value for the subscales ranged from 0.78 — 0.92, except for
one factor where the ICC value was below 0.5. The ICC value
for the global score was 0.92, demonstrating excellent

reliability.

96.9% were single, and 3.1% were married, whereas 98.1%

of male participants were single, and 1.9% were married. In qg
P P &© Item analyses results for the MAQ factors are detailed in

- N .
terms of BMI classification, 17.3% of the participants were Supplemental Table S1. Among all item correlation data, the

underweight, 67.8% were within the normal range, 13.6% lowest value was observed for the fourth item in the global

were overweight, and 1.4% were obese. Among females, the score group (0.32). When the fourth item was excluded, the

o ) o . N
distribution was as f_OHOWS' 18.5% underweight, .72'2@ CA value for the global score increased to 0.92, indicating
normal, 8% overweight, and 1.2% obese, while the
distribution of male participants was 13.5% underweight,
53.8% normal, 30.8% overweight, and 1.9% obese. The

mean age (+ standard deviation) of female participants was

improved  internal  consistency. The  second-level
measurement model statistics are summarized in Table 3 and

Table 2. CA and ICC values of Turkish version of MAQ
20.9 + 2.6 years, while that of male participants was 20.6 +

1.4 years. The mean BMI for females was 21.2 + 3.5, and for CA ICC
males, 23.1 + 3.8. Hedonism 0.91 0.92
Affinity 0.74 045
Entitlement 0.76 0.78
Dependence 0.83 0.91
Global Score 0.91 0.92
Table 1. Sociodemographic characteristics of participants
Female n(%) Male n(%) All Participants n(%)
Marrital Status
- Single 157 (96.9) 51(98.1) 208 (92.7)
- Married 5(3.1) 1(1.9) 6(2.8)
Body Mass Index
- Underweight 30 (18.5) 7 (13.5) 37 (17.3)
- Normal 117 (72.2) 28 (53.8) 145 (67.8)
- Overweight 13 (8) 16 (30.8) 29 (13.6)
- Obese 2(1.2) 1(1.9) 3 (1.4)
Income Level
- Income = Expenses 79 (48.8) 23 (44.2) 102 (47.7)
- Income < Expenses 60 (37) 20 (38.5) 80 (37.4)
- Income > Expenses 23 (14.2) 9(17.3) 32 (15)
Accommodation
- Dormitory 27 (16.7) 14 (26.9) 41 (19.2)
- Family House 125 (77.2) 32 (61.5) 157 (73.4)
- Student House with Friends 7 (4.3) 4(7.7) 11 (5.1)
- Alone 3 (1.9) 2 (3.8) 5(2.3)
Nutrition Status
- Omnivorous 152 (93.8) 50 (96.2) 202 (94.4)
- Semi-vegetarian 8 (4.9) 2 (3.8) 10 (4.7)
- Ovo-vegeterian 0 (0) 0 (0) 0 (0)
- Pescatarian 1 (0.6) 0 (0) 1(0.5)
- Vegetarian 1 (0.6) 0 (0) 1(0.5)
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Figure 1. Second-order confirmatory factor analysis

illustrated in Figure 1. All factor loadings were statistically
significant, and the model demonstrated high goodness-of-fit
indices: x*/df = 1.50, RMSEA = 0.05, SRMR = 0.08, NFI =
0.97, NNFI = 0.99, CFI = 0.99, GFI = 0.98, and AGFI =
0.97).

3.3 Relationship between meat
consumption frequency and MAQ
factors

Participants with higher frequencies of red meat and poultry
consumption demonstrated significantly higher scores in the
hedonism, dependence, and global subscales of the MAQ (p <
0.05). Specifically, participants who consumed red meat at
least 5 — 6 times a week exhibited significantly higher
hedonism and global scores compared to those who consumed
red meat 1 — 2 times a week or once every 15 days at most (p
< 0.05). Additionally, dependence scores were significantly
higher among participants consuming red meat at least 5 — 6
times per week compared to those consuming red meat 1 — 2
times per week (p < 0.05). Participants who consumed red
meat once every 15 days at most had significantly lower
affinity score than all other groups. For poultry consumption,
participants who consumed poultry once every 15 days at
most demonstrated significantly lower hedonism, dependence,
and global scores compared to participants who consumed
poultry at least 5 — 6 times per week and 3 — 4 times per week

(p < 0.05) (Table 4).
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3.4 Comparison of MAQ factors by groups
of sex, BMI, and income level

The MAQ factors were compared across groups based on sex,

BMI, and income level. Accordingly, Male participants

exhibited

dependence, and global scores compared to female participants

significantly  higher  hedonism,  entitlement,
(p < 0.05) (Table 5). Regarding income level, participants
whose expenses exceeded their income (income < expenses)
exhibited significantly higher entitlement scores than those
whose income equaled their expenses (income = expenses) (p <

0.05).

3.5 Relationship between GES and MAQ

The GES scales were compared by sex, BMI, and income level.
Accordingly, the DB_Pros scores of female participants were
significantly higher than that those of male participants (p <
0.05). No significant differences in GES scales were observed
concerning BMI or income level (p > 0.05) (Supplemental
Table S2).

Correlations between MAQ and GES scores were also
examined. Although statistically significant differences were
observed among various subscales of the questionnaire, no
meaningful correlation was identified, as the correlation
coefficients were below 0.2 (Table 6).

2024
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Table 3. Two-level measurement model statistics

Estimate Std. Err z-value P(>|z|) Std. all R-Square
Hedonism=~
- @1 1.00 1.15 0.86 - - 0.73
- @5 1.03 0.05 20.07 0.00 0.89 0.80
- @8 1.00 0.05 19.51 0.00 0.81 0.66
- @10 1.15 0.06 20.30 0.00 0.89 0.79
Affinity=-
- @4 1.00 0.64 0.55 0.30
- @6 1.25 0.16 7.69 0.00 0.78 0.61
- @13 0.75 0.11 6.78 0.00 0.53 0.28
- @14 1.30 0.17 7.69 0.00 0.74 0.55
Entitlement=-
- @3 1.00 0.83 0.79 - - 0.63
- @7 1.00 0.08 11.95 0.00 0.62 0.39
- @15 1.05 0.09 12.31 0.00 0.73 0.53
Dependence=-
- @2 1.00 1.15 0.85 0.72
- @9 0.68 0.04 16.58 0.00 0.65 0.42
- @11 0.94 0.05 19.25 0.00 0.76 0.58
- @12 1.09 0.06 19.53 0.00 0.81 0.65
- @16 0.87 0.05 17.93 0.00 0.68 0.46
Global Score=-
- Hedonism 1.00 0.98 0.98 - - 0.96
- Affinity 0.27 0.03 8.71 0.00 0.48 0.23
- Entitlement 0.48 0.03 14.97 0.00 0.66 0.43
- Dependence 0.94 0.05 17.37 0.00 0.92 0.84

Note. Estimation Method: Diagonally Weighted Least Squares; Model Fit Statistics: x*/df=1.50; RMSEA = 0.05; SRMR=0.08; NFI = 0.97; NNFI = 0.99;
CFI = 0.99; GFI = 0.98; AGFI = 0.97; Hoelter's critical N (a = .05) =176.88.

Table 4. Comparison of MAQ factors by red meat and poultry consumption frequency

Hedonism Affinity Entitlement Dependence Global Score

Red Meat

- at least 5-6 times a week 4.07 £1.03* 4.29 £0.69* 4.14 + 1.15 3.7+0.88*° 4.05+£0.74*

- 3 —4 times a week 3.79 £ 1.09 ~° 44£0.66° 4.21+0.96 339+ 1.11 3.93+0.8

- 1-2 times a week 339+1.15° 433+0.77° 3.93 +0.85 2.98+0.97 < 3.63+0.76°

- 1 time in 15 days at most 2.74+1.36° 3.72+1.07° 372+1.1 245+1.28¢ 315£09°¢
p-value < 0.001* 0.005* 0.110 < 0.001* < 0.001*
Poultry

- at least 5 — 6 times a week 38+1.15% 4.33+0.69° 396+ 1.17 355+1° 391 +0.78*

- 3 —4 times a week 3.78+1.13* 4.46 + 0.64 ** 4.16 + 0.88 3.36 +1.08 * 3.92+0.78*

- 1 -2 times a week 323+ 1.19% 4.13+0.87° 3.9+£0.95 2.83+1.03 % 351+08*

- 1 time in 15 days at most 2.88+1.45" 3.72+1.11° 3.76+ 1.16 2.56+1.36°¢ 3.2+098"
p-value 0.001* 0.004* 0.229 < 0.001* < 0.001*

Note. *Welch ANOVA

Nor. Afr. J. Food Nutr. Res. ® Volume 8 * Issue 18 © 2024
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Table 5. Comparison of MAQ factors by groups of sex, BMI, and income level

Hedonism Affinity Entitlement Dependence Global Score

Sex

- Female (n=162) 3.26+1.23 4.17 £0.87 3.91+0.97 29+1.11 3.54 +0.84

- Male (n=52) 4.07 £ 1.03 4.39+0.71 4241 363+1 4.06+0.75
p-value < 0.001* 0.10 0.03* < 0.001* < 0.001*
Body Mass Index

- Underweight (n=37) 3.58+1.12 4.25+0.79 4.14 £ 0.91 3.18 +0.99 3.77 £ 0.75

- Normal (n=145) 344 +1.25 4.22 £0.83 3.97 £0.97 3.04 £ 1.15 3.65 +0.84

- Overweight + Obese (n=32) 3.39 + 1.32 4.2 +0.93 3.86 +1.11 3.15+1.2 3.65 + 0.96
p-value 0.78 0.96 051 0.72 0.73
Income Level

- Income < Expenses (n=80) 3.69 +1.25 4.27 +£0.97 421+0098 " 33+1.18 3.84 £ 0.89

- Income = Expenses (n=102) 327 +1.17 424+0.7 3.85 + 0.89 ’ 2.9 +1.04 3.56 £ 0.75

- Income > Expenses (n=32) 3.45+133 4.09+0.89 385+1.18 " 30912 3.6+0.96
p-value 0.07 0.63 0.04* 0,06 0.08

Table 6. Pearson correlation between scales of GES and MAQ
Hedonism Affinity Entitlement Dependence Global Score
F p ¥ p F p ¥ p F p

soc -0.09 0.20 -0.13 0.06 -0.12 0.07 -0.03 0.67 -0.10 0.15
BEH 0.12 0.09 0.12 0.09 0.02 0.74 0.16" 0.02 0.14° 0.05
DB_Pros -0.17° 0.01 -0.13  0.06 0.02 0.80 -0.18" 0.01 -0.15° 0.03
DB_Cons -0.01 0.91 -0.02 0.73 0.11 0.09 0.06 0.36 0.04 0.51
SE_at school 0.06 0.36 -0.04 0.52 -0.10 0.13 0.10 0.13 0.02 0.73
SE_at home -0.10 0.14 -0.02 0.75 -0.06 0.35 -0.08 0.22 -0.09 0.20

4 Discussion

To the best of our knowledge, this study holds unique
significance, standing apart from existing literature by
integrating reliability and wvalidity assessments with the
synthesis of meat attachment and green eating behavior.
From this aspect, it represents an innovative contribution to
current literature on sustainable nutrition and lifestyle.
Accordingly, individuals with a strong attachment to meat
may exhibit either low or high green eating scores.
Furthermore, public awareness regarding the environmental
impact of meat consumption remains insufficient.
Nevertheless, individuals with a strong attachment to meat
should not necessarily be viewed as obstacles to achieving a

and fostering GE practices.

This study was involved 214 university students, of whom
75.7% were female and 24.3% were male. The development
and validation of the original MAQ were conducted in three
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distinct stages. In the first stage, the structure and item pool
of the questionnaire were designed based on qualitative data
obtained from 410 participants. In the second stage, data
were collected from 1023 participants to refine item selection,
evaluate the factor structure, and assess reliability, convergent
and concurrent validity, and predictive ability. At this stage,
57.8% of the participants were female, and 42.2% were male.
Finally, the validated version of the questionnaire, along with
other measures, was applied to assess measurement
invariance, reliability, and predictive ability across a culturally
diverse sample of 318 participants, comprising 58.2% males
and 41.8% females (Graca et al., 2015).

In the original version of MAQ, the distribution of men and
women was approximately balanced. However, in the
Turkish version of the MAQ), there was a noticeable disparity
in the sex distribution. The age distribution of the
participants was between 18 and 72 in the study of Graga et
al. (2015) while the age of participants was limited to 18 to
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32 in the current study. On the other hand, in the third stage
of the original study of the MAQ, 64.4% of all participants
were university graduates, 28.1% were high school graduates,
7.6% were primary school graduates, and 7.2% participants
were students (Graga et al., 2015). By contrast, all
participants in the current study were university students.
This difference is primarily attributable to the broader societal
scope of the original study of Graga et al. (2015) compared
to the current study, which focused exclusively on validating
and testing the reliability of the Turkish version of the MAQ
among university students.

The internal reliability analysis indicated that the Turkish
version of the MAQ demonstrated high reliability. In this
context, the global score CA value was 0.91, with factor-
specific CA values ranging from 0.74 to 0.91. Similarly, in
the second stage of the original MAQ study of Graga et al.
(2015) the global score CA value was 0.92, and factor-specific
CA values ranged from 0.77 to 0.92.

The ICC value of the entitlement factor was 0.78, indicating
good reliability. Finally, the test-retest reliability ICC values
for hedonism, dependence, and global scores exceeded 0.90,
indicating excellent reliability. The reason why the ICC value
for the entitlement factor may be attributed to the reverse
scoring of the items within this factor, which may have caused
confusion or misinterpretation among participants.

The goodness-of-fit index values of the Turkish version of the
MAQ were consistent with those reported in the original
study. In this context, while the x*/df value was 1.5 in the
current study, compared to 2.3 in the second phase and 2.7
in the third phase of the Graca et al. (2015) study (x*/df <5
is considered as acceptable fit) (Schermelleh-Engel et al.,
2003). Similarly, the RMSEA value was 0.05 in the present
study, 0.05 in the second stage, and 0.06 in the third stage in
the study of Graga et al. (2015) (RMSEA < 0.08 is considered
as acceptable fit). Finally, the CFI value in the current study
was 0.99, compared to 0.97 in both the second and third
phases of the original study (CFI > 0.90 indicates an
acceptable fit) (Hu & Bentler, 1999; Marsh et al., 2004;
Vandenberg & Lance, 2000). Apart from the original study,
several high fit index values were obtained (SRMR = 0.08;
NFI = 0.97; NNFI = 0.99; GFI = 0.98; AGFI = 0.97). These
data confirm that the Turkish version of the MAQ is a valid
and reliable instrument for assessing meat attachment among

Turkish-speaking populations.

Hedonism, entitlement, addiction, and global scores were
statistically significantly higher among male participants
compared to female participants (p <0.05). This finding
aligns with the study by Rosenfeld & Tomiyama, (2021),
which revealed that males are more likely to consume meat
and exhibit higher resistance to adopting vegetarian diets than
females. Similarly, research by Dowsett et al., (2018)
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indicated that exposure to meat during meal increased meat
addiction in males while reducing it in females. Moreover,
Rosenfeld, (2020) suggested that vegetarian women exhibit
stronger dietary adherence and motivation compared to men.
Meat consumption has traditionally been associated with
masculine identity, often linked to the notion that consuming
meat aligns with traditional sex roles, reinforcing the
perception of being a "real” man.

In a Hungarian study involving 1053 participants, scores for
hedonism, ﬂﬁ?nity, and dependmce factors were signiﬁcantly
different across BMI groups (p < 0.05) for females (Derndczy
& Keller, 2017). However, in the present study, no
significant differences were observed in MAQ factors or
global scores across BMI groups. This discrepancy may be
attributed to differences in the distribution of participants
among BMI categories. Additionally, cultural variations may
contribute in explaining these contradictions. In Western
societies, most daily protein intake is derived from meat,
whereas Turkish diets feature a higher proportion of plant-
based proteins (Sanchez-Sabate & Sabaté, 2019; Onal et al.,
2022). Consistent with this evidence, Turkish omnivorous
cuisine has been reported to possess a lower carbon footprint
compared to Italian and French cuisines (Ugtug etal.,, 2021).
The relatively weak association between BMI and
psychological parameters related to meat attachment in
Tirkiye may be explained by the lower overall levels of meat
consumption in the population.

On the other hand, only the entitlement factor was
significantly higher in the income<expenses group than in the
income = expenses group (p <0.05). This situation indicates
that low-income participants perceive themselves as having
greater authority and rights regarding meat consumption.
Similarly, previous studies have reported that individuals with
lower income levels are less likely to adopt vegan or vegetarian
diets (Tonstad et al., 2013; Cui et al., 2019; Onal et al.,
2022).

In the current study, poultry and red meat consumption were
strongly associated to MAQ factors and global scores. In this
context, a higher frequency of meat consumption was
statistically significantly associated with elevated MAQ scores
(p < 0.05). These findings align with prior research (Dernéczy
& Keller, 2017; Graca et al., 2015), which demonstrated that
a strong preference for meat consumption is associated with
high meat attachment scores. This significant association
further supports the validity and reliability of the Turkish

version of the MAQ among university students.

When comparing the GES scales across groups based on sex,
BMI, and income level, the DB_Pros score was significantly
higher in females than males (p < 0.05), consistent with results
from Cambaz et al. (2021). Moreover, prior literature has
frequently emphasized women' greater awareness and
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preferences for environmentally friendly foods (Milfont &
Sibley, 2016; Tobler et al., 2011; Xiao & McCright, 2015).

Notably, no significant correlation was observed between
MAQ and GES scores in the current study. This lack of
correlation may result from the homogeneity of the sample
population, which consisted of university students with
identical education background and age ranges. In addition,
heterogeneity in variables such as sex, income level, and
nutritional status, which are closely tied to GE behaviors, was
limited. For instance, a clearer understanding of the
relationship between meat consumption and GE may require
comparative involving vegan and non-vegan populations. On
the other hand, GR behavior is not only limited to consuming
less meat but also consider various principles; it includes
diverse practices such as minimizing packaged foods,
prioritizing seasonal and locally sourced foods, reducing food
transport, and purchasing organic products. Consistently,
Lentz et al., (2018) demonstrated that meat consumption’s
contribution to GE was minimal compared to other
behaviors. Therefore, meat attachment may not pose a
significant barrier to GE behavior among Turkish university
students.

Limitations of the study

Some limitations should be considered when interpreting the
findings of this research. First, the present study relied on self-
reported data, which depends on participants’ recall and
memory. There is a risk that some participants may not have
read or fully understood the questions, contributing to
significant statistical differences in inversely scored items
during test-retest analyses.

Second, the sample’s sex distribution was unequal, with a
disproportionate number of female participants. This
imbalance may have influenced findings related to meat
consumption and GE behavior. Moreover, the study was
conducted among university students, a group with relatively
high social awareness, and the participants’ age range was
limited to 18 — 32 years. These factors restrict the
generalizability of the findings to the broader adult
population in Ttirkiye.

4 Conclusions

The Turkish version of the MAQ can be accepted as a reliable
and valid tool for assessing meat attachment among university
students. The findings indicate that sex, economic status, and
meat consumption frequency are significant determinants of
MAQ scores, whereas BMI and GE behavior do not directly
influence these scores. This suggests that high MAQ scores do
not inherently impede GE behavior. Nevertheless, sex and
economic status should be considered when promoting
sustainable eating behaviors within this population. In
addition, factors such as cultural influences, circadian
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rhythms, emotional eating, and psychological states may also
influence meat attachment. Further studies should explore
these factors to provide a more comprehensive understanding
of individual differences in meat consumption behavior.

Excessive meat consumption poses significant risks, not only
as a potential environmental and sustainability but also as a
factor accelerating the progression of chronic diseases. Early
detection of such diseases is critical. Future research with the
Turkish version of MAQ on meat consumption among
university students, can incorporate molecular, biochemical,
and epigenetic biomarkers to assess the risk of developing
chronic diseases. This integrative approach would contribute
to fostering healthier lifestyles and supporting sustainability
for future generations by reducing risks associated with high
meat attachment.
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	1 Introduction
	Meat is a vital component of a healthy and balanced diet due to its rich nutritional profile. In this context, meat provides essential nutrients, including iron, selenium, zinc, and vitamin B12, as well as highly bioavailable protein. Organ meats such as liver, are particularly rich in vitamin A and folic acid (Biesalski, 2005). In addition, meat and meat products contribute to the absorption of fatty acids and fat-soluble vitamins, helping to prevent deficiencies in these nutrients (Boada et al., 2016). On the other hand, red meat and processed meat products are high in saturated fats and cholesterol. Excessive consumption of these products has been associated with the development of various metabolic diseases, such as obesity, insulin resistance, type 2 diabetes, hypertension, atherosclerosis, metabolic syndrome, and certain cancers (Battaglia-Richi et al., 2015). Beyond health implications, excessive meat consumption negatively impacts environmental sustainability. The increasing global demand for meat has led to expanded livestock farming, land degradation, biodiversity loss, and the depletion of freshwater resources (Clonan et al., 2015; Meier et al., 2022; Reynolds et al., 2014). 
	Avoiding excessive use and degradation of natural resources and preserving biodiversity and ecosystems bring up a nutrition system defined as Green Eating (GE). High levels of meat consumption constitute a significant obstacle to achieving sustainable living (Clonan et al., 2015; Hallström et al., 2014; Meier et al., 2022; Pekcan, 2019; Reynolds et al., 2014). Numerous studies have explored the environmental impacts of meat consumption and the role of GE in promoting sustainable nutrition (Austgulen, 2014; Austgulen et al., 2018; Godfray et al., 2018; Lacroix, & Gifford, 2020; Mann, 2018; Macdiarmid et al., 2016; Önal et al., 2022; Sanchez-Sabate, & Sabaté, 2019). In this context, Tobler et al. (2011) determined that consumers perceived avoiding excessive packaging as the most effective behavior for environmental benefit while reducing meat consumption and purchasing organic food were deemed less impactful. Despite these perceptions, participants were reluctant to reduce their meat consumption or purchase organic food. In a study conducted by Jallinoja et al. (2016) vegetable protein sources remained less preferred than animal protein in several European countries. A web-based population survey conducted in Finland in 2013, involving participants aged 15 – 64 years (n = 1048), demonstrated that bean and soy-based plant proteins have been seldom consumed. In societies with high meat consumption, various strategies have been proposed to encourage the adoption of plant-based protein foods to foster sustainability.
	Worldwide per capita meat consumption (kg/person/year) increased significantly from 23.1 kg in 1961 to 42.2 kg in 2011 (Sans & Combris, 2015). This situation can be attributed to the urbanization, improved income levels, and population growth in developing countries (Daniel et al., 2011). In Türkiye, the average daily red meat consumption is reported as 34.9 g/day for individuals aged 15 – 18 and 39.5 g/day for those aged 19 years and older (Türkiye Nutrition Guideline, 2022). Addressing the health and environmental challenges posed by excessive meat consumption requires identifying the personal and societal factors influencing meat consumption. The Meat Attachment Questionnaire (MAQ) serves as a valuable tool for evaluating individuals’ psychological attachment to meat consumption (Graça et al., 2015). According to existing literature, factors such as sex, income level, meat consumption frequency, body mass index, and GE behavior are significant determinants of meat attachment behavior (Daniel et al., 2011; Rosenfeld et al., 2021). The relationship between meat attachment and GE behavior is particularly relevant in higher education participants such as university students, who are key drivers of dietary trends. Validating the Turkish version of MAQ offers an opportunity to explore the psychological dimensions of meat consumption among Turkish individuals, shedding light on barriers to sustainable nutrition. This includes the challenges posed by high meat consumption and unwillingness to adopting plant-based diets. The Turkish MAQ can serve as a foundational tool in future sustainable nutrition research to avoid meat attachment behavior (Graça et al., 2015). This study aimed to: (1) validate and address the reliability of the Turkish version of the MAQ; (2) explore its relationship with sociodemographic characteristics; (3), evaluate its association with meat consumption frequency; and (4) examine its correlation with scores from the Green Eating Survey (GES) among university students. 
	2 Methods
	2.1 Study design  
	This cross-sectional survey study was carried out with university students aged 18 and above, adhering to the principles of the Declaration of Helsinki. The required sample size was determined based on the criterion of having 10 participants per questionnaire item. As the MAQ consists of 16 questions, the minimum required sample size was calculated to be 160 participants.  To account for a potential 10% dropout rate, a minimum of 176 participants was deemed sufficient (Gündüzoğlu et al., 2014). 
	The adequacy of the n sample size was further confirmed using Hoelter's critical N, which determine the minimum sample size necessary for a specified level of statistical power in structural equation modeling (SEM). In this study, the Hoelter's critical N value indicates the minimum sample size at which the model's chi-square statistic reaches statistical significance at the desired power level. In our study, Hoelter's critical N was calculated to be 176.88 for 80% power at a 5% significance level. A total of 258 university students completed the data collection form. After excluding 44 surveys due to incomplete responses, data from 214 participants were analyzed. This sample size was sufficient to validate the model.
	Ethical approval for the involvement of human subjects in this study was granted by Istanbul Esenyurt University Human Research Ethics Committee (reference number 2023 / 02 – 2, dated 26/01/2023). Informed consent was obtained from participants through the statement: “I am aware that my responses are confidential, and I agree to participate in this survey,” with affirmative confirmation required to proceed. Participants were also assured of their right to withdraw from the survey at any time without providing a reason.
	2.2 Study design  
	The data collection form constituted four parts are detailed as follows:
	 Sociodemographic Properties: The participants' weight, marital status, height, sex, age, class grade, chronic disease status, use of medication, income level, accommodation, and nutritional status were addressed.
	 Meat Attachment Questionnaire (MAQ): The MAQ was designed to assess consumers' willingness to reduce meat consumption and transition toward a plant-based diet. It is a 5 – point Likert scale questionnaire consisting of 16 items, measuring positive attachment to meat consumption. Response options range from 1 (strongly disagree) to 5 (strongly agree), with reverse scoring applied to items 4, 6, 9, 13, and 14 (for instance, 1 = 5; 2 = 4; 3 = 3; 4 = 2; 5 = 1). The MAQ evaluates four dimensions: hedonism, affinity, entitlement, and dependence. In addition, a second-order global score represents an overall measure of positive attachment to meat. Scores for each dimension and the global scale range from 1 to 5, with higher scores indicate higher levels of attachment toward meat consumption. Internal reliability analysis yielded Cronbach's alpha (CA) values of 0.77 – 0.90 for the factors and 0.92 for the global score (Graça et al., 2015).
	 Green Eating Survey (GES): The GES evaluates environmentally conscious eating behaviors (BEH) and incorporates constructs from the GE transtheoretical model, including the Stage of Change (SOC), Decisional Balance (DB), and Self-Efficacy (SE). The survey consists of 25 items divided into four subscales, with Cronbach's alpha values ranging from 0.72 to 0.85 (Weller et al., 2014). The Turkish adaptation and validation of the GES were conducted by Cambaz et al. (2021), reporting CA values between 0.72 – 0.84. 
	 Food Frequency Questionnaire (FFQ): The FFQ was included to examine the relationship between meat consumption frequency and MAQ subscale scores. The participants were asked to report their consumption of specific foods, such as red meat and poultry, over the past 30 days. Frequency options included: at least 5–6 times a week, 3–4 times a week, 1–2 times a week, and at most once every 15 days.
	3.3 Turkish adaptation protocol
	The Turkish adaptation of the questionnaire was carried out following the standardized application procedure proposed by Brislin (1986). Initially, the questionnaire items were translated into Turkish by the primary researcher fluent in both languages. Subsequently, the translated items were back-translated into English by a team of independent academics proficient in both languages. This iterative translation process continued until the questionnaire was free of inconsistencies, errors, biases, or incompatibilities (Brislin, 1986).
	3.4 Adaptation protocol
	The cultural adaptation of MAQ was completed through a pilot study involving 20 university students. During this phase, participants confirmed that the questionnaire was clear and comprehensible. Minor modifications based on participant feedback were incorporated into the final version.
	3.5 Test-retest procedure
	To evaluate the test-retest reliability of the MAQ, a second application was conducted two weeks after the initial administration. This procedure involved a randomly selected subset of 40 participants from the original sample (Bakır et al., 2021).
	3.6 Statistical analysis
	Descriptive statistics were used to summarize the data: quantitative variables were reported as mean (x̄), standard deviation (SD), minimum, and maximum values, while categorical variables were expressed as numbers (n) and percentages (%). One-way ANOVA, Welch's ANOVA, t-test, Tukey's Honest Significant Difference (HSD), and Games-Howell Post Hoc tests were used to compare MAQ and GES factors with sex, body mass index (BMI), income level, and meat consumption. Pearson’s correlation analysis was performed to determine the correlation between MAQ and GES factors.
	Reliability of the MAQ was assessed using CA coefficient, item analysis, and the intraclass correlation coefficient (ICC). CA was used to measure internal consistency, with the following interpretative ranges: 
	- 0.00 ≤ α < 0.40: Unreliable
	- 0.40 ≤ α < 0.60: Low reliability
	- 0.60 ≤ α < 0.80: Reliable
	- 0.80 ≤ α < 1.00: Highly reliable
	The ICC mainly evaluated test-retest reliability, with interpretative thresholds as follows:
	- ICC < 0.5: Poor reliability
	- 0.5 ≤ ICC < 0.75: Moderate reliability
	- 0.75 ≤ ICC < 0.9: Good reliability
	- ICC > 0.9: Excellent reliability (Koo & Li, 2016). 
	The construct validity of the questionnaire was tested using confirmatory factor analysis (CFA). Goodness-of-fit indices employed included: 
	- Chi-square difference statistics (χ2/df) 
	- Root Mean Square Errors of Approximate (RMSEA)
	- Standardized Root Mean Square Residuals (SRMR)
	- Normed Fit Index (NFI) 
	- Non-Normed Fit Index (NNFI) 
	- Comparative Fit Index (CFI) 
	- Goodness of Fit Index (GFI) 
	- Adjusted Goodness of Fit Index (AGFI) (Akyüz, 2018).
	Descriptive statistics, item analysis, CA, ICC test-retest reliability, one-way ANOVA, Welch ANOVA, t-test, Pearson's correlation, Tukey HSD, or Games-Howell Post Hoc tests were performed using IBM SPSS (version 26). CFA was conducted using lavaan (version 0.6 – 13) and semPlot (version 1.1.6) packages in R. A p-value of < 0.05 was considered statistically significant.
	3 Results
	3.1 Characteristics of the study participants
	The socio-demographic characteristics of participants are summarized in Table 1. Of the participants, 75.7% were female, and 24.3% were male. Among female participants, 96.9% were single, and 3.1% were married, whereas 98.1% of male participants were single, and 1.9% were married. In terms of BMI classification, 17.3% of the participants were underweight, 67.8% were within the normal range, 13.6% were overweight, and 1.4% were obese. Among females, the distribution was as follows: 18.5% underweight, 72.2% normal, 8% overweight, and 1.2% obese, while the distribution of male participants was 13.5% underweight, 53.8% normal, 30.8% overweight, and 1.9% obese. The mean age (± standard deviation) of female participants was 20.9 ± 2.6 years, while that of male participants was 20.6 ± 1.4 years. The mean BMI for females was 21.2 ± 3.5, and for males, 23.1 ± 3.8.
	3.2 Validity and reliability of Turkish version of MAQ
	The CA and ICC values of the MAQ factors are presented in Table 2. Accordingly, the CA values for the subscales of the questionnaire were as follows: hedonism (0.91), affinity (0.74), entitlement (0.76), dependence (0.83), and global score (0.91). In the test-retest reliability analysis, the ICC value for the subscales ranged from 0.78 – 0.92, except for one factor where the ICC value was below 0.5. The ICC value for the global score was 0.92, demonstrating excellent reliability. 
	Item analyses results for the MAQ factors are detailed in Supplemental Table S1. Among all item correlation data, the lowest value was observed for the fourth item in the global score group (0.32). When the fourth item was excluded, the CA value for the global score increased to 0.92, indicating improved internal consistency. The second-level measurement model statistics are summarized in Table 3 and illustrated in Figure 1. All factor loadings were statistically significant, and the model demonstrated high goodness-of-fit indices: χ2/df = 1.50, RMSEA = 0.05, SRMR = 0.08, NFI = 0.97, NNFI = 0.99, CFI = 0.99, GFI = 0.98, and AGFI = 0.97).
	3.3 Relationship between meat consumption frequency and MAQ factors
	Participants with higher frequencies of red meat and poultry consumption demonstrated significantly higher scores in the hedonism, dependence, and global subscales of the MAQ (p < 0.05). Specifically, participants who consumed red meat at least 5 – 6 times a week exhibited significantly higher hedonism and global scores compared to those who consumed red meat 1 – 2 times a week or once every 15 days at most (p < 0.05). Additionally, dependence scores were significantly higher among participants consuming red meat at least 5 – 6 times per week compared to those consuming red meat 1 – 2 times per week (p < 0.05). Participants who consumed red meat once every 15 days at most had significantly lower affinity score than all other groups. For poultry consumption, participants who consumed poultry once every 15 days at most demonstrated significantly lower hedonism, dependence, and global scores compared to participants who consumed poultry at least 5 – 6 times per week and 3 – 4 times per week (p < 0.05) (Table 4).
	3.4 Comparison of MAQ factors by groups of sex, BMI, and income level
	50B50B50BThe MAQ factors were compared across groups based on sex, BMI, and income level. Accordingly, Male participants exhibited significantly higher hedonism, entitlement, dependence, and global scores compared to female participants (p < 0.05) (Table 5). Regarding income level, participants whose expenses exceeded their income (income < expenses) exhibited significantly higher entitlement scores than those whose income equaled their expenses (income = expenses) (p < 0.05).
	3.5 Relationship between GES and MAQ
	The GES scales were compared by sex, BMI, and income level. Accordingly, the DB_Pros scores of female participants were significantly higher than that those of male participants (p < 0.05). No significant differences in GES scales were observed concerning BMI or income level (p > 0.05) (Supplemental Table S2).  
	Correlations between MAQ and GES scores were also examined. Although statistically significant differences were observed among various subscales of the questionnaire, no meaningful correlation was identified, as the correlation coefficients were below 0.2 (Table 6).
	Discussion
	To the best of our knowledge, this study holds unique significance, standing apart from existing literature by integrating reliability and validity assessments with the synthesis of meat attachment and green eating behavior. From this aspect, it represents an innovative contribution to current literature on sustainable nutrition and lifestyle. Accordingly, individuals with a strong attachment to meat may exhibit either low or high green eating scores. Furthermore, public awareness regarding the environmental impact of meat consumption remains insufficient. Nevertheless, individuals with a strong attachment to meat should not necessarily be viewed as obstacles to achieving a and fostering GE practices.
	This study was involved 214 university students, of whom 75.7% were female and 24.3% were male. The development and validation of the original MAQ were conducted in three distinct stages. In the first stage, the structure and item pool of the questionnaire were designed based on qualitative data obtained from 410 participants. In the second stage, data were collected from 1023 participants to refine item selection, evaluate the factor structure, and assess reliability, convergent and concurrent validity, and predictive ability. At this stage, 57.8% of the participants were female, and 42.2% were male. Finally, the validated version of the questionnaire, along with other measures, was applied to assess measurement invariance, reliability, and predictive ability across a culturally diverse sample of 318 participants, comprising 58.2% males and 41.8% females (Graça et al., 2015). 
	In the original version of MAQ, the distribution of men and women was approximately balanced. However, in the Turkish version of the MAQ, there was a noticeable disparity in the sex distribution. The age distribution of the participants was between 18 and 72 in the study of Graça et al. (2015) while the age of participants was limited to 18 to 32 in the current study. On the other hand, in the third stage of the original study of the MAQ, 64.4% of all participants were university graduates, 28.1% were high school graduates, 7.6% were primary school graduates, and 7.2% participants were students (Graça et al., 2015). By contrast, all participants in the current study were university students. This difference is primarily attributable to the broader societal scope of the original study of  Graça et al. (2015) compared to the current study, which focused exclusively on validating and testing the reliability of the Turkish version of the MAQ among university students.
	The internal reliability analysis indicated that the Turkish version of the MAQ demonstrated high reliability. In this context, the global score CA value was 0.91, with factor-specific CA values ranging from 0.74 to 0.91. Similarly, in the second stage of the original MAQ study of  Graça et al. (2015) the global score CA value was 0.92, and factor-specific CA values ranged from 0.77 to 0.92.  
	The ICC value of the entitlement factor was 0.78, indicating good reliability. Finally, the test-retest reliability ICC values for hedonism, dependence, and global scores exceeded 0.90, indicating excellent reliability. The reason why the ICC value for the entitlement factor may be attributed to the reverse scoring of the items within this factor, which may have caused confusion or misinterpretation among participants.
	The goodness-of-fit index values of the Turkish version of the MAQ were consistent with those reported in the original study. In this context, while the χ2/df value was 1.5 in the current study, compared to 2.3 in the second phase and 2.7 in the third phase of the Graça et al. (2015) study (χ2/df ≤ 5 is considered as acceptable fit) (Schermelleh-Engel et al., 2003). Similarly, the RMSEA value was 0.05 in the present study, 0.05 in the second stage, and 0.06 in the third stage in the study of Graça et al. (2015) (RMSEA ≤ 0.08 is considered as acceptable fit). Finally, the CFI value in the current study was 0.99, compared to 0.97 in both the second and third phases of the original study (CFI ≥ 0.90 indicates an acceptable fit) (Hu & Bentler, 1999; Marsh et al., 2004; Vandenberg & Lance, 2000). Apart from the original study, several high fit index values were obtained (SRMR = 0.08; NFI = 0.97; NNFI = 0.99; GFI = 0.98; AGFI = 0.97). These data confirm that the Turkish version of the MAQ is a valid and reliable instrument for assessing meat attachment among Turkish-speaking populations.
	Hedonism, entitlement, addiction, and global scores were statistically significantly higher among male participants compared to female participants (p <0.05). This finding aligns with the study by Rosenfeld & Tomiyama, (2021), which revealed that males are more likely to consume meat and exhibit higher resistance to adopting vegetarian diets than females. Similarly, research by Dowsett et al., (2018) indicated that exposure to meat during meal increased meat addiction in males while reducing it in females. Moreover, Rosenfeld, (2020) suggested that vegetarian women exhibit stronger dietary adherence and motivation compared to men. Meat consumption has traditionally been associated with masculine identity, often linked to the notion that consuming meat aligns with traditional sex roles, reinforcing the perception of being a "real" man.
	In a Hungarian study involving 1053 participants, scores for hedonism, affinity, and dependence factors were significantly different across BMI groups (p < 0.05) for females (Dernóczy & Keller, 2017). However, in the present study, no significant differences were observed in MAQ factors or global scores across BMI groups. This discrepancy may be attributed to differences in the distribution of participants among BMI categories. Additionally, cultural variations may contribute in explaining these contradictions. In Western societies, most daily protein intake is derived from meat, whereas Turkish diets feature a higher proportion of plant-based proteins (Sanchez-Sabate & Sabaté, 2019; Önal et al., 2022). Consistent with this evidence, Turkish omnivorous cuisine has been reported to possess a lower carbon footprint compared to Italian and French cuisines (Üçtuğ et al., 2021). The relatively weak association between BMI and psychological parameters related to meat attachment in Türkiye may be explained by the lower overall levels of meat consumption in the population.
	On the other hand, only the entitlement factor was significantly higher in the income<expenses group than in the income = expenses group (p <0.05). This situation indicates that low-income participants perceive themselves as having greater authority and rights regarding meat consumption. Similarly, previous studies have reported that individuals with lower income levels are less likely to adopt vegan or vegetarian diets (Tonstad et al., 2013; Cui et al., 2019; Önal et al., 2022). 
	In the current study, poultry and red meat consumption were strongly associated to MAQ factors and global scores. In this context, a higher frequency of meat consumption was statistically significantly associated with elevated MAQ scores (p < 0.05). These findings align with prior research (Dernóczy & Keller, 2017; Graça et al., 2015), which demonstrated that a strong preference for meat consumption is associated with high meat attachment scores. This significant association further supports the validity and reliability of the Turkish version of the MAQ among university students.
	When comparing the GES scales across groups based on sex, BMI, and income level, the DB_Pros score was significantly higher in females than males (p < 0.05), consistent with results from Cambaz et al. (2021). Moreover, prior literature has frequently emphasized women' greater awareness and preferences for environmentally friendly foods (Milfont & Sibley, 2016; Tobler et al., 2011; Xiao & McCright, 2015). 
	Notably, no significant correlation was observed between MAQ and GES scores in the current study. This lack of correlation may result from the homogeneity of the sample population, which consisted of university students with identical education background and age ranges. In addition, heterogeneity in variables such as sex, income level, and nutritional status, which are closely tied to GE behaviors, was limited. For instance, a clearer understanding of the relationship between meat consumption and GE may require comparative involving vegan and non-vegan populations. On the other hand, GR behavior is not only limited to consuming less meat but also consider various principles; it includes diverse practices such as minimizing packaged foods, prioritizing seasonal and locally sourced foods, reducing food transport, and purchasing organic products. Consistently, Lentz et al., (2018) demonstrated that meat consumption’s contribution to GE was minimal compared to other behaviors. Therefore, meat attachment may not pose a significant barrier to GE behavior among Turkish university students.
	Limitations of the study 
	Some limitations should be considered when interpreting the findings of this research. First, the present study relied on self-reported data, which depends on participants’ recall and memory. There is a risk that some participants may not have read or fully understood the questions, contributing to significant statistical differences in inversely scored items during test-retest analyses. 
	Second, the sample’s sex distribution was unequal, with a disproportionate number of female participants. This imbalance may have influenced findings related to meat consumption and GE behavior. Moreover, the study was conducted among university students, a group with relatively high social awareness, and the participants’ age range was limited to 18 – 32 years. These factors restrict the generalizability of the findings to the broader adult population in Türkiye.
	4 Conclusions
	The Turkish version of the MAQ can be accepted as a reliable and valid tool for assessing meat attachment among university students. The findings indicate that sex, economic status, and meat consumption frequency are significant determinants of MAQ scores, whereas BMI and GE behavior do not directly influence these scores. This suggests that high MAQ scores do not inherently impede GE behavior. Nevertheless, sex and economic status should be considered when promoting sustainable eating behaviors within this population. In addition, factors such as cultural influences, circadian rhythms, emotional eating, and psychological states may also influence meat attachment. Further studies should explore these factors to provide a more comprehensive understanding of individual differences in meat consumption behavior. 
	Excessive meat consumption poses significant risks, not only as a potential environmental and sustainability but also as a factor accelerating the progression of chronic diseases. Early detection of such diseases is critical. Future research with the Turkish version of MAQ on meat consumption among university students, can incorporate molecular, biochemical, and epigenetic biomarkers to assess the risk of developing chronic diseases. This integrative approach would contribute to fostering healthier lifestyles and supporting sustainability for future generations by reducing risks associated with high meat attachment.
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Background: The Meat Attachment Questionnaire (MAQ) is a scale to measure the positive bond in meat consumption. 

Aims: This study aimed to validate and assess reliability of the Turkish version of the MAQ and to explore its relationship with various factors, including sociodemographic characteristics, meat consumption habits, and subscales of the Green Eating Survey (GES). 

Subjects and Methods: The study was carried out with 214 university students. Participants completed the MAQ, the Food Frequency Questionnaire, and the GES. Statistical analyses including item analysis, Cronbach’s alpha, intraclass correlation coefficient test - retest reliability, one-way ANOVA, Welch ANOVA, t-test, Pearson’s correlation, and post hoc tests (Tukey’s HSD and Games-Howell), were performed using SPSS (version 26). Confirmatory factor analysis (CFA) was conducted with the lavaan (version 0.6 – 13) and semPlot (version 1.1.6) R packages. 

Results: All factor loadings were statistically significant, and high fit indices were obtained for the model tested in the second-order CFA model. (χ2/df = 151,93/101 = 1.50; RMSEA = 0.05; SRMR = 0.08; NFI = 0.97; NNFI = 0.99; CFI = 0.99; GFI = 0.98; AGFI = 0.97). Significant differences were found in several MAQ subscale scores: hedonism, entitlement, dependence, and global scores were higher among men (p < 0.05). The entitlement score was significantly higher in the “income < expenses “group compared to the “income = expenses “group (p < 0.05). Participants with higher red meat and poultry consumption exhibited significantly higher hedonism, dependence, and global MAQ scores (p < 0.05). 

Conclusions: The Turkish version of the MAQ can be accepted as a reliable and valid scale for use among university students. While factors such as sex, income level, and meat consumption appear to influence MAQ scores, body mass index and green eating behaviors do not have a direct effect.
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2 Introduction

Meat is a vital component of a healthy and balanced diet due to its rich nutritional profile. In this context, meat provides essential nutrients, including iron, selenium, zinc, and vitamin B12, as well as highly bioavailable protein. Organ meats such as liver, are particularly rich in vitamin A and folic acid (Biesalski, 2005). In addition, meat and meat products contribute to the absorption of fatty acids and fat-soluble vitamins, helping to prevent deficiencies in these nutrients (Boada et al., 2016). On the other hand, red meat and processed meat products are high in saturated fats and cholesterol. Excessive consumption of these products has been associated with the development of various metabolic diseases, such as obesity, insulin resistance, type 2 diabetes, hypertension, atherosclerosis, metabolic syndrome, and certain cancers (Battaglia-Richi et al., 2015). Beyond health implications, excessive meat consumption negatively impacts environmental sustainability. The increasing global demand for meat has led to expanded livestock farming, land degradation, biodiversity loss, and the depletion of freshwater resources (Clonan et al., 2015; Meier et al., 2022; Reynolds et al., 2014). 

Avoiding excessive use and degradation of natural resources and preserving biodiversity and ecosystems bring up a nutrition system defined as Green Eating (GE). High levels of meat consumption constitute a significant obstacle to achieving sustainable living (Clonan et al., 2015; Hallström et al., 2014; Meier et al., 2022; Pekcan, 2019; Reynolds et al., 2014). Numerous studies have explored the environmental impacts of meat consumption and the role of GE in promoting sustainable nutrition (Austgulen, 2014; Austgulen et al., 2018; Godfray et al., 2018; Lacroix, & Gifford, 2020; Mann, 2018; Macdiarmid et al., 2016; Önal et al., 2022; Sanchez-Sabate, & Sabaté, 2019). In this context, Tobler et al. (2011) determined that consumers perceived avoiding excessive packaging as the most effective behavior for environmental benefit while reducing meat consumption and purchasing organic food were deemed less impactful. Despite these perceptions, participants were reluctant to reduce their meat consumption or purchase organic food. In a study conducted by Jallinoja et al. (2016) vegetable protein sources remained less preferred than animal protein in several European countries. A web-based population survey conducted in Finland in 2013, involving participants aged 15 – 64 years (n = 1048), demonstrated that bean and soy-based plant proteins have been seldom consumed. In societies with high meat consumption, various strategies have been proposed to encourage the adoption of plant-based protein foods to foster sustainability.

Worldwide per capita meat consumption (kg/person/year) increased significantly from 23.1 kg in 1961 to 42.2 kg in 2011 (Sans & Combris, 2015). This situation can be attributed to the urbanization, improved income levels, and population growth in developing countries (Daniel et al., 2011). In Türkiye, the average daily red meat consumption is reported as 34.9 g/day for individuals aged 15 – 18 and 39.5 g/day for those aged 19 years and older (Türkiye Nutrition Guideline, 2022). Addressing the health and environmental challenges posed by excessive meat consumption requires identifying the personal and societal factors influencing meat consumption. The Meat Attachment Questionnaire (MAQ) serves as a valuable tool for evaluating individuals’ psychological attachment to meat consumption (Graça et al., 2015). According to existing literature, factors such as sex, income level, meat consumption frequency, body mass index, and GE behavior are significant determinants of meat attachment behavior (Daniel et al., 2011; Rosenfeld et al., 2021). The relationship between meat attachment and GE behavior is particularly relevant in higher education participants such as university students, who are key drivers of dietary trends. Validating the Turkish version of MAQ offers an opportunity to explore the psychological dimensions of meat consumption among Turkish individuals, shedding light on barriers to sustainable nutrition. This includes the challenges posed by high meat consumption and unwillingness to adopting plant-based diets. The Turkish MAQ can serve as a foundational tool in future sustainable nutrition research to avoid meat attachment behavior (Graça et al., 2015). This study aimed to: (1) validate and address the reliability of the Turkish version of the MAQ; (2) explore its relationship with sociodemographic characteristics; (3), evaluate its association with meat consumption frequency; and (4) examine its correlation with scores from the Green Eating Survey (GES) among university students. 

3 Methods

3.1 [bookmark: _Toc48297776][bookmark: _Hlk185874366]Study design  

This cross-sectional survey study was carried out with university students aged 18 and above, adhering to the principles of the Declaration of Helsinki. The required sample size was determined based on the criterion of having 10 participants per questionnaire item. As the MAQ consists of 16 questions, the minimum required sample size was calculated to be 160 participants.  To account for a potential 10% dropout rate, a minimum of 176 participants was deemed sufficient (Gündüzoğlu et al., 2014). 

The adequacy of the n sample size was further confirmed using Hoelter's critical N, which determine the minimum sample size necessary for a specified level of statistical power in structural equation modeling (SEM). In this study, the Hoelter's critical N value indicates the minimum sample size at which the model's chi-square statistic reaches statistical significance at the desired power level. In our study, Hoelter's critical N was calculated to be 176.88 for 80% power at a 5% significance level. A total of 258 university students completed the data collection form. After excluding 44 surveys due to incomplete responses, data from 214 participants were analyzed. This sample size was sufficient to validate the model.

Ethical approval for the involvement of human subjects in this study was granted by Istanbul Esenyurt University Human Research Ethics Committee (reference number 2023 / 02 – 2, dated 26/01/2023). Informed consent was obtained from participants through the statement: “I am aware that my responses are confidential, and I agree to participate in this survey,” with affirmative confirmation required to proceed. Participants were also assured of their right to withdraw from the survey at any time without providing a reason.

3.2 Study design  

The data collection form constituted four parts are detailed as follows:

· Sociodemographic Properties: The participants' weight, marital status, height, sex, age, class grade, chronic disease status, use of medication, income level, accommodation, and nutritional status were addressed.

· Meat Attachment Questionnaire (MAQ): The MAQ was designed to assess consumers' willingness to reduce meat consumption and transition toward a plant-based diet. It is a 5 – point Likert scale questionnaire consisting of 16 items, measuring positive attachment to meat consumption. Response options range from 1 (strongly disagree) to 5 (strongly agree), with reverse scoring applied to items 4, 6, 9, 13, and 14 (for instance, 1 = 5; 2 = 4; 3 = 3; 4 = 2; 5 = 1). The MAQ evaluates four dimensions: hedonism, affinity, entitlement, and dependence. In addition, a second-order global score represents an overall measure of positive attachment to meat. Scores for each dimension and the global scale range from 1 to 5, with higher scores indicate higher levels of attachment toward meat consumption. Internal reliability analysis yielded Cronbach's alpha (CA) values of 0.77 – 0.90 for the factors and 0.92 for the global score (Graça et al., 2015).

· Green Eating Survey (GES): The GES evaluates environmentally conscious eating behaviors (BEH) and incorporates constructs from the GE transtheoretical model, including the Stage of Change (SOC), Decisional Balance (DB), and Self-Efficacy (SE). The survey consists of 25 items divided into four subscales, with Cronbach's alpha values ranging from 0.72 to 0.85 (Weller et al., 2014). The Turkish adaptation and validation of the GES were conducted by Cambaz et al. (2021), reporting CA values between 0.72 – 0.84. 

· Food Frequency Questionnaire (FFQ): The FFQ was included to examine the relationship between meat consumption frequency and MAQ subscale scores. The participants were asked to report their consumption of specific foods, such as red meat and poultry, over the past 30 days. Frequency options included: at least 5–6 times a week, 3–4 times a week, 1–2 times a week, and at most once every 15 days.

3.3 Turkish adaptation protocol

The Turkish adaptation of the questionnaire was carried out following the standardized application procedure proposed by Brislin (1986). Initially, the questionnaire items were translated into Turkish by the primary researcher fluent in both languages. Subsequently, the translated items were back-translated into English by a team of independent academics proficient in both languages. This iterative translation process continued until the questionnaire was free of inconsistencies, errors, biases, or incompatibilities (Brislin, 1986).

3.4 Adaptation protocol

The cultural adaptation of MAQ was completed through a pilot study involving 20 university students. During this phase, participants confirmed that the questionnaire was clear and comprehensible. Minor modifications based on participant feedback were incorporated into the final version.

3.5 Test-retest procedure

To evaluate the test-retest reliability of the MAQ, a second application was conducted two weeks after the initial administration. This procedure involved a randomly selected subset of 40 participants from the original sample (Bakır et al., 2021).

3.6 Statistical analysis

[bookmark: _Hlk185235941]Descriptive statistics were used to summarize the data: quantitative variables were reported as mean (x̄), standard deviation (SD), minimum, and maximum values, while categorical variables were expressed as numbers (n) and percentages (%). One-way ANOVA, Welch's ANOVA, t-test, Tukey's Honest Significant Difference (HSD), and Games-Howell Post Hoc tests were used to compare MAQ and GES factors with sex, body mass index (BMI), income level, and meat consumption. Pearson’s correlation analysis was performed to determine the correlation between MAQ and GES factors.

Reliability of the MAQ was assessed using CA coefficient, item analysis, and the intraclass correlation coefficient (ICC). CA was used to measure internal consistency, with the following interpretative ranges: 

· 0.00 ≤ α < 0.40: Unreliable

· 0.40 ≤ α < 0.60: Low reliability

· 0.60 ≤ α < 0.80: Reliable

· 0.80 ≤ α < 1.00: Highly reliable

The ICC mainly evaluated test-retest reliability, with interpretative thresholds as follows:

· ICC < 0.5: Poor reliability

· 0.5 ≤ ICC < 0.75: Moderate reliability

· 0.75 ≤ ICC < 0.9: Good reliability

· ICC > 0.9: Excellent reliability (Koo & Li, 2016). 

The construct validity of the questionnaire was tested using confirmatory factor analysis (CFA). Goodness-of-fit indices employed included: 

· Chi-square difference statistics (χ2/df) 

· Root Mean Square Errors of Approximate (RMSEA)

· Standardized Root Mean Square Residuals (SRMR)

· Normed Fit Index (NFI) 

· Non-Normed Fit Index (NNFI) 

· Comparative Fit Index (CFI) 

· Goodness of Fit Index (GFI) 

· Adjusted Goodness of Fit Index (AGFI) (Akyüz, 2018).

Descriptive statistics, item analysis, CA, ICC test-retest reliability, one-way ANOVA, Welch ANOVA, t-test, Pearson's correlation, Tukey HSD, or Games-Howell Post Hoc tests were performed using IBM SPSS (version 26). CFA was conducted using lavaan (version 0.6 – 13) and semPlot (version 1.1.6) packages in R. A p-value of < 0.05 was considered statistically significant.

3 [bookmark: _Hlk184163650]Results

3.1 Characteristics of the study participants

The socio-demographic characteristics of participants are summarized in Table 1. Of the participants, 75.7% were female, and 24.3% were male. Among female participants, 96.9% were single, and 3.1% were married, whereas 98.1% of male participants were single, and 1.9% were married. In terms of BMI classification, 17.3% of the participants were underweight, 67.8% were within the normal range, 13.6% were overweight, and 1.4% were obese. Among females, the distribution was as follows: 18.5% underweight, 72.2% normal, 8% overweight, and 1.2% obese, while the distribution of male participants was 13.5% underweight, 53.8% normal, 30.8% overweight, and 1.9% obese. The mean age (± standard deviation) of female participants was 20.9 ± 2.6 years, while that of male participants was 20.6 ± 1.4 years. The mean BMI for females was 21.2 ± 3.5, and for males, 23.1 ± 3.8.



[bookmark: Table_4][bookmark: Table_1]Table 1. Sociodemographic characteristics of participants



Female n(%)

Male n(%)

All Participants n(%)

Marrital Status

· Single

157 (96.9)

51 (98.1)

208 (92.7)

· Married

5 (3.1)

1 (1.9)

6 (2.8)

Body Mass Index

· Underweight

30 (18.5)

7 (13.5)

37 (17.3)

· Normal

117 (72.2)

28 (53.8)

145 (67.8)

· Overweight

13 (8)

16 (30.8)

29 (13.6)

· Obese

2 (1.2)

1 (1.9)

3 (1.4)

Income Level

· Income = Expenses

79 (48.8)

23 (44.2)

102 (47.7)

· Income < Expenses

60 (37)

20 (38.5)

80 (37.4)

· Income > Expenses

23 (14.2)

9 (17.3)

32 (15)

Accommodation

· Dormitory

27 (16.7)

14 (26.9)

41 (19.2)

· Family House

125 (77.2)

32 (61.5)

157 (73.4)

· Student House with Friends

7 (4.3)

4 (7.7)

11 (5.1)

· Alone

3 (1.9)

2 (3.8)

5 (2.3)

Nutrition Status

· Omnivorous

152 (93.8)

50 (96.2)

202 (94.4)

· Semi-vegetarian

8 (4.9)

2 (3.8)

10 (4.7)

· Ovo-vegeterian

0 (0)

0 (0)

0 (0)

· Pescatarian

1 (0.6)

0 (0)

1 (0.5)

· Vegetarian

1 (0.6)

0 (0)

1 (0.5)











3.2 Validity and reliability of Turkish version of MAQ

The CA and ICC values of the MAQ factors are presented in Table 2. Accordingly, the CA values for the subscales of the questionnaire were as follows: hedonism (0.91), affinity (0.74), entitlement (0.76), dependence (0.83), and global score (0.91). In the test-retest reliability analysis, the ICC value for the subscales ranged from 0.78 – 0.92, except for one factor where the ICC value was below 0.5. The ICC value for the global score was 0.92, demonstrating excellent reliability. 

Item analyses results for the MAQ factors are detailed in Supplemental Table S1. Among all item correlation data, the lowest value was observed for the fourth item in the global score group (0.32). When the fourth item was excluded, the CA value for the global score increased to 0.92, indicating improved internal consistency. The second-level measurement model statistics are summarized in Table 3 and illustrated in Figure 1. All factor loadings were statistically significant, and the model demonstrated high goodness-of-fit indices: χ2/df = 1.50, RMSEA = 0.05, SRMR = 0.08, NFI = 0.97, NNFI = 0.99, CFI = 0.99, GFI = 0.98, and AGFI = 0.97).[bookmark: Table_2]Table 2. CA and ICC values of Turkish version of MAQ



CA

ICC

Hedonism

0.91

0.92

Affinity

0.74

0.45

Entitlement

0.76

0.78

Dependence

0.83

0.91

Global Score

0.91

0.92
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[bookmark: Figure_1]Figure 1. Second-order confirmatory factor analysis





3.3 Relationship between meat consumption frequency and MAQ factors

Participants with higher frequencies of red meat and poultry consumption demonstrated significantly higher scores in the hedonism, dependence, and global subscales of the MAQ (p < 0.05). Specifically, participants who consumed red meat at least 5 – 6 times a week exhibited significantly higher hedonism and global scores compared to those who consumed red meat 1 – 2 times a week or once every 15 days at most (p < 0.05). Additionally, dependence scores were significantly higher among participants consuming red meat at least 5 – 6 times per week compared to those consuming red meat 1 – 2 times per week (p < 0.05). Participants who consumed red meat once every 15 days at most had significantly lower affinity score than all other groups. For poultry consumption, participants who consumed poultry once every 15 days at most demonstrated significantly lower hedonism, dependence, and global scores compared to participants who consumed poultry at least 5 – 6 times per week and 3 – 4 times per week (p < 0.05) (Table 4).

3.4 Comparison of MAQ factors by groups of sex, BMI, and income level

50B50B50BThe MAQ factors were compared across groups based on sex, BMI, and income level. Accordingly, Male participants exhibited significantly higher hedonism, entitlement, dependence, and global scores compared to female participants (p < 0.05) (Table 5). Regarding income level, participants whose expenses exceeded their income (income < expenses) exhibited significantly higher entitlement scores than those whose income equaled their expenses (income = expenses) (p < 0.05).

3.5 Relationship between GES and MAQ

The GES scales were compared by sex, BMI, and income level. Accordingly, the DB_Pros scores of female participants were significantly higher than that those of male participants (p < 0.05). No significant differences in GES scales were observed concerning BMI or income level (p > 0.05) (Supplemental Table S2).  

Correlations between MAQ and GES scores were also examined. Although statistically significant differences were observed among various subscales of the questionnaire, no meaningful correlation was identified, as the correlation coefficients were below 0.2 (Table 6).



Table 4. Comparison of MAQ factors by red meat and poultry consumption frequency



Hedonism

Affinity

Entitlement

Dependence

Global Score

Red Meat 

· at least 5-6 times a week

4.07 ± 1.03 a

4.29 ± 0.69 a

4.14 ± 1.15

3.7 ± 0.88 a

4.05 ± 0.74 a

· 3 – 4 times a week

3.79 ± 1.09 a, b

4.4 ± 0.66 a

4.21 ± 0.96

3.39 ± 1.11 a,b

3.93 ± 0.8 a,b

· 1 – 2 times a week

3.39 ± 1.15 b

4.33 ± 0.77 a

3.93 ± 0.85

2.98 ± 0.97 b,c

3.63 ± 0.76 b

· 1 time in 15 days at most

2.74 ± 1.36 c

3.72 ± 1.07 b

3.72 ± 1.1

2.45 ± 1.28 c

3.15 ± 0.9 c

p-value

< 0.001*

0.005*

0.110

< 0.001*

< 0.001*

Poultry

· at least 5 – 6 times a week

3.8 ± 1.15 a

4.33 ± 0.69 a

3.96 ± 1.17

3.55 ± 1 a

3.91 ± 0.78 a

· 3 – 4 times a week

3.78 ± 1.13 a

4.46 ± 0.64 a,b

4.16 ± 0.88

3.36 ± 1.08 a,b

3.92 ± 0.78 a

· 1 – 2 times a week

3.23 ± 1.19 a,b

4.13 ± 0.87 a

3.9 ± 0.95

2.83 ± 1.03 b,c

3.51 ± 0.8 a,b

· 1 time in 15 days at most

2.88 ± 1.45 b

3.72 ± 1.11 a

3.76 ± 1.16

2.56 ± 1.36 c

3.2 ± 0.98 b

p-value

0.001*

0.004*

0.229

< 0.001*

< 0.001*

Note. *Welch ANOVA



[bookmark: Table_3]Table 3. Two-level measurement model statistics



Estimate

Std. Err

z-value

P(>|z|)

Std. all

R-Square

Hedonism=~

· @1

1.00

1.15

0.86

-

-

0.73

· @5

1.03

0.05

20.07

0.00

0.89

0.80

· @8

1.00

0.05

19.51

0.00

0.81

0.66

· @10

1.15

0.06

20.30

0.00

0.89

0.79

Affinity=~

· @4

1.00

0.64

0.55





0.30

· @6

1.25

0.16

7.69

0.00

0.78

0.61

· @13

0.75

0.11

6.78

0.00

0.53

0.28

· @14

1.30

0.17

7.69

0.00

0.74

0.55

Entitlement=~

· @3

1.00

0.83

0.79

-

-

0.63

· @7

1.00

0.08

11.95

0.00

0.62

0.39

· @15

1.05

0.09

12.31

0.00

0.73

0.53

Dependence=~

· @2

1.00

1.15

0.85





0.72

· @9

0.68

0.04

16.58

0.00

0.65

0.42

· @11

0.94

0.05

19.25

0.00

0.76

0.58

· @12

1.09

0.06

19.53

0.00

0.81

0.65

· @16

0.87

0.05

17.93

0.00

0.68

0.46

Global Score=~

· Hedonism

1.00

0.98

0.98

-

-

0.96

· Affinity

0.27

0.03

8.71

0.00

0.48

0.23

· Entitlement

0.48

0.03

14.97

0.00

0.66

0.43

· Dependence

0.94

0.05

17.37

0.00

0.92

0.84

Note. Estimation Method: Diagonally Weighted Least Squares; Model Fit Statistics:  χ2/df=1.50; RMSEA = 0.05; SRMR=0.08; NFI = 0.97; NNFI = 0.99; CFI = 0.99; GFI = 0.98; AGFI = 0.97; Hoelter's critical N (α = .05) =176.88.















4 Discussion[bookmark: Table_6]Table 6. Pearson correlation between scales of GES and MAQ

 

Hedonism

Affinity

Entitlement

Dependence

Global Score



r

p

r

p

r

p

r

p

r

p

SOC

-0.09

0.20

-0.13

0.06

-0.12

0.07

-0.03

0.67

-0.10

0.15

BEH

0.12

0.09

0.12

0.09

0.02

0.74

0.16*

0.02

0.14*

0.05

DB_Pros

-0.17*

0.01

-0.13

0.06

0.02

0.80

-0.18**

0.01

-0.15*

0.03

DB_Cons

-0.01

0.91

-0.02

0.73

0.11

0.09

0.06

0.36

0.04

0.51

SE_at school

0.06

0.36

-0.04

0.52

-0.10

0.13

0.10

0.13

0.02

0.73

SE_at home

-0.10

0.14

-0.02

0.75

-0.06

0.35

-0.08

0.22

-0.09

0.20



[bookmark: Table_5]Table 5. Comparison of MAQ factors by groups of sex, BMI, and income level



Hedonism

Affinity

Entitlement

Dependence

Global Score

Sex

· Female (n=162)

3.26 ± 1.23

4.17 ± 0.87

3.91 ± 0.97

2.9 ± 1.11

3.54 ± 0.84

· Male (n=52)

4.07 ± 1.03

4.39 ± 0.71

4.24 ± 1

3.63 ± 1

4.06 ± 0.75

p-value

< 0.001*

0.10

0.03*

< 0.001*

< 0.001*

Body Mass Index

· Underweight (n=37)

3.58 ± 1.12

4.25 ± 0.79

4.14 ± 0.91

3.18 ± 0.99

3.77 ± 0.75

· Normal (n=145)

3.44 ± 1.25

4.22 ± 0.83

3.97 ± 0.97

3.04 ± 1.15

3.65 ± 0.84

· Overweight + Obese (n=32)

3.39 ± 1.32

4.2 ± 0.93

3.86 ± 1.11

3.15 ± 1.2

3.65 ± 0.96

p-value

0.78

0.96

0.51

0.72

0.73

Income Level

· Income < Expenses (n=80)

3.69 ± 1.25

4.27 ± 0.97

4.21 ± 0.98 a

3.3 ± 1.18

3.84 ± 0.89

· Income = Expenses (n=102)

3.27 ± 1.17

4.24 ± 0.7

3.85 ± 0.89 b

2.9 ± 1.04

3.56 ± 0.75

· Income > Expenses (n=32)

3.45 ± 1.33

4.09 ± 0.89

3.85 ± 1.18 a,b

3.09 ± 1.2

3.6 ± 0.96

p-value

0.07

0.63

0.04*

0,06

0.08





To the best of our knowledge, this study holds unique significance, standing apart from existing literature by integrating reliability and validity assessments with the synthesis of meat attachment and green eating behavior. From this aspect, it represents an innovative contribution to current literature on sustainable nutrition and lifestyle. Accordingly, individuals with a strong attachment to meat may exhibit either low or high green eating scores. Furthermore, public awareness regarding the environmental impact of meat consumption remains insufficient. Nevertheless, individuals with a strong attachment to meat should not necessarily be viewed as obstacles to achieving a and fostering GE practices.

This study was involved 214 university students, of whom 75.7% were female and 24.3% were male. The development and validation of the original MAQ were conducted in three distinct stages. In the first stage, the structure and item pool of the questionnaire were designed based on qualitative data obtained from 410 participants. In the second stage, data were collected from 1023 participants to refine item selection, evaluate the factor structure, and assess reliability, convergent and concurrent validity, and predictive ability. At this stage, 57.8% of the participants were female, and 42.2% were male. Finally, the validated version of the questionnaire, along with other measures, was applied to assess measurement invariance, reliability, and predictive ability across a culturally diverse sample of 318 participants, comprising 58.2% males and 41.8% females (Graça et al., 2015). 

[bookmark: _Hlk185834623]In the original version of MAQ, the distribution of men and women was approximately balanced. However, in the Turkish version of the MAQ, there was a noticeable disparity in the sex distribution. The age distribution of the participants was between 18 and 72 in the study of Graça et al. (2015) while the age of participants was limited to 18 to 32 in the current study. On the other hand, in the third stage of the original study of the MAQ, 64.4% of all participants were university graduates, 28.1% were high school graduates, 7.6% were primary school graduates, and 7.2% participants were students (Graça et al., 2015). By contrast, all participants in the current study were university students. This difference is primarily attributable to the broader societal scope of the original study of  Graça et al. (2015) compared to the current study, which focused exclusively on validating and testing the reliability of the Turkish version of the MAQ among university students.

The internal reliability analysis indicated that the Turkish version of the MAQ demonstrated high reliability. In this context, the global score CA value was 0.91, with factor-specific CA values ranging from 0.74 to 0.91. Similarly, in the second stage of the original MAQ study of  Graça et al. (2015) the global score CA value was 0.92, and factor-specific CA values ranged from 0.77 to 0.92.  

The ICC value of the entitlement factor was 0.78, indicating good reliability. Finally, the test-retest reliability ICC values for hedonism, dependence, and global scores exceeded 0.90, indicating excellent reliability. The reason why the ICC value for the entitlement factor may be attributed to the reverse scoring of the items within this factor, which may have caused confusion or misinterpretation among participants.

The goodness-of-fit index values of the Turkish version of the MAQ were consistent with those reported in the original study. In this context, while the χ2/df value was 1.5 in the current study, compared to 2.3 in the second phase and 2.7 in the third phase of the Graça et al. (2015) study (χ2/df ≤ 5 is considered as acceptable fit) (Schermelleh-Engel et al., 2003). Similarly, the RMSEA value was 0.05 in the present study, 0.05 in the second stage, and 0.06 in the third stage in the study of Graça et al. (2015) (RMSEA ≤ 0.08 is considered as acceptable fit). Finally, the CFI value in the current study was 0.99, compared to 0.97 in both the second and third phases of the original study (CFI ≥ 0.90 indicates an acceptable fit) (Hu & Bentler, 1999; Marsh et al., 2004; Vandenberg & Lance, 2000). Apart from the original study, several high fit index values were obtained (SRMR = 0.08; NFI = 0.97; NNFI = 0.99; GFI = 0.98; AGFI = 0.97). These data confirm that the Turkish version of the MAQ is a valid and reliable instrument for assessing meat attachment among Turkish-speaking populations.

Hedonism, entitlement, addiction, and global scores were statistically significantly higher among male participants compared to female participants (p <0.05). This finding aligns with the study by Rosenfeld & Tomiyama, (2021), which revealed that males are more likely to consume meat and exhibit higher resistance to adopting vegetarian diets than females. Similarly, research by Dowsett et al., (2018) indicated that exposure to meat during meal increased meat addiction in males while reducing it in females. Moreover, Rosenfeld, (2020) suggested that vegetarian women exhibit stronger dietary adherence and motivation compared to men. Meat consumption has traditionally been associated with masculine identity, often linked to the notion that consuming meat aligns with traditional sex roles, reinforcing the perception of being a "real" man.

In a Hungarian study involving 1053 participants, scores for hedonism, affinity, and dependence factors were significantly different across BMI groups (p < 0.05) for females (Dernóczy & Keller, 2017). However, in the present study, no significant differences were observed in MAQ factors or global scores across BMI groups. This discrepancy may be attributed to differences in the distribution of participants among BMI categories. Additionally, cultural variations may contribute in explaining these contradictions. In Western societies, most daily protein intake is derived from meat, whereas Turkish diets feature a higher proportion of plant-based proteins (Sanchez-Sabate & Sabaté, 2019; Önal et al., 2022). Consistent with this evidence, Turkish omnivorous cuisine has been reported to possess a lower carbon footprint compared to Italian and French cuisines (Üçtuğ et al., 2021). The relatively weak association between BMI and psychological parameters related to meat attachment in Türkiye may be explained by the lower overall levels of meat consumption in the population.

On the other hand, only the entitlement factor was significantly higher in the income<expenses group than in the income = expenses group (p <0.05). This situation indicates that low-income participants perceive themselves as having greater authority and rights regarding meat consumption. Similarly, previous studies have reported that individuals with lower income levels are less likely to adopt vegan or vegetarian diets (Tonstad et al., 2013; Cui et al., 2019; Önal et al., 2022). 

In the current study, poultry and red meat consumption were strongly associated to MAQ factors and global scores. In this context, a higher frequency of meat consumption was statistically significantly associated with elevated MAQ scores (p < 0.05). These findings align with prior research (Dernóczy & Keller, 2017; Graça et al., 2015), which demonstrated that a strong preference for meat consumption is associated with high meat attachment scores. This significant association further supports the validity and reliability of the Turkish version of the MAQ among university students.

When comparing the GES scales across groups based on sex, BMI, and income level, the DB_Pros score was significantly higher in females than males (p < 0.05), consistent with results from Cambaz et al. (2021). Moreover, prior literature has frequently emphasized women' greater awareness and preferences for environmentally friendly foods (Milfont & Sibley, 2016; Tobler et al., 2011; Xiao & McCright, 2015). 

Notably, no significant correlation was observed between MAQ and GES scores in the current study. This lack of correlation may result from the homogeneity of the sample population, which consisted of university students with identical education background and age ranges. In addition, heterogeneity in variables such as sex, income level, and nutritional status, which are closely tied to GE behaviors, was limited. For instance, a clearer understanding of the relationship between meat consumption and GE may require comparative involving vegan and non-vegan populations. On the other hand, GR behavior is not only limited to consuming less meat but also consider various principles; it includes diverse practices such as minimizing packaged foods, prioritizing seasonal and locally sourced foods, reducing food transport, and purchasing organic products. Consistently, Lentz et al., (2018) demonstrated that meat consumption’s contribution to GE was minimal compared to other behaviors. Therefore, meat attachment may not pose a significant barrier to GE behavior among Turkish university students.

Limitations of the study 

Some limitations should be considered when interpreting the findings of this research. First, the present study relied on self-reported data, which depends on participants’ recall and memory. There is a risk that some participants may not have read or fully understood the questions, contributing to significant statistical differences in inversely scored items during test-retest analyses. 

Second, the sample’s sex distribution was unequal, with a disproportionate number of female participants. This imbalance may have influenced findings related to meat consumption and GE behavior. Moreover, the study was conducted among university students, a group with relatively high social awareness, and the participants’ age range was limited to 18 – 32 years. These factors restrict the generalizability of the findings to the broader adult population in Türkiye.

4 Conclusions

The Turkish version of the MAQ can be accepted as a reliable and valid tool for assessing meat attachment among university students. The findings indicate that sex, economic status, and meat consumption frequency are significant determinants of MAQ scores, whereas BMI and GE behavior do not directly influence these scores. This suggests that high MAQ scores do not inherently impede GE behavior. Nevertheless, sex and economic status should be considered when promoting sustainable eating behaviors within this population. In addition, factors such as cultural influences, circadian rhythms, emotional eating, and psychological states may also influence meat attachment. Further studies should explore these factors to provide a more comprehensive understanding of individual differences in meat consumption behavior. 

Excessive meat consumption poses significant risks, not only as a potential environmental and sustainability but also as a factor accelerating the progression of chronic diseases. Early detection of such diseases is critical. Future research with the Turkish version of MAQ on meat consumption among university students, can incorporate molecular, biochemical, and epigenetic biomarkers to assess the risk of developing chronic diseases. This integrative approach would contribute to fostering healthier lifestyles and supporting sustainability for future generations by reducing risks associated with high meat attachment.
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