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Abstract: In the transition to more environmentally sustainable food systems, the production and
consumption of resource-intensive animal-based dairy foods (ABD) remains a talking point. Given
the power of consumer choice in transforming food systems, understanding consumer priorities
surrounding ABD consumption and their plant-based counterparts is fundamental. Using data
from 3271 unique survey respondents, the objectives of this study were to examine the consumption
frequencies of ABD and plant-based milk (PBM) in Australia over time (2019-2022) and determine
the psychosocial and sociodemographic factors associated with distinct consumer segments. Multi-
variate analysis identified sociodemographic and food choice factors associated with three consumer
segments: ‘exclusive PBM consumers’, ‘exclusive ABD consumers’, and ‘mixed consumers’ (con-
sumers of both product types). Despite the growing availability of plant-based milk alternatives,
exclusive PBM consumption remains relatively uncommon compared to mixed plant and animal
dairy consumption. “Exclusive ABD consumers’ had a higher probability of being older and less
likely to prioritise health and nutrition than ‘mixed consumers’. “Exclusive PBM consumers’ were
more likely to prioritise food tolerance and restrictions and less likely to prioritise product taste
than “exclusive ABD consumers’. We report sociodemographic and motivational factors influencing
animal-based dairy and plant-based milk choices. The outcomes are of interest to sustainable food
systems development stakeholders, with potential applications in the public health and commercial
food promotion sectors.

Keywords: sustainable food consumption; food choice; dairy alternatives; consumer priorities

1. Introduction

The global food system currently operates beyond environmental health bound-
aries [1]. One approach to improve the environmental sustainability of food systems
is to reduce the production and consumption of resource-intensive foods, such as animal-
based dairy products (ABD). Plant-based dairy alternatives, such as plant-based milks
(PBMs), can offer a less resource-intensive alternative to ABD [2]. Acknowledging there is
variation by region, compared to animal-derived products, PBMs are generally derived
from more resource-efficient crops, such as grains, legumes, nuts, and seeds, posing an
opportunity for reduced resource depletion through production [2]. Importantly, consumer
choice (demand-side) is a crucial driver in the transition to more environmentally sus-
tainable food production, especially given the challenges of decarbonizing the livestock
sector [2,3].
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The Australian context provides an interesting setting within which to study ABD
and PBM consumption. The Australian dairy industry is well established yet faces calls
to meet national and international sustainable development targets due to its small but
significant contribution to national greenhouse gas emissions [4]. Indeed, dairy has long
been a staple food group in Australian diets. Consumption data from 2011 to 2012 report
69% of Australians consumed 139 g of dairy milk on the day of the survey, compared to
3.7% consuming 7.8 g of dairy milk substitutes [5]. Dairy and dairy alternative intake is
recommended in the Australian Dietary Guidelines, specifically between 1.5 and 4 servings
of milk, yoghurt, cheese, and/or alternatives per day, depending on gender and age
group [6], further cementing ABD in the Australian diet.

Despite ABD dominating the domestic Australian market, recent estimates suggest
approximately 40% of Australian households purchase PBM beverages alongside animal-
based dairy milk [7]. Further, the demand for PBM products has grown in recent years,
while ABD sales are stagnating. Sales of PBM in Australia have increased rapidly since
2018, with “dairy milk substitutes” purchase data increasing from 13.1 g per day in 2018 to
17.1 g per day in 2021; this represents an increase of 30.1% grams sold per day compared to
—2.2% grams per day for animal-based dairy milk [8].

As the PBM market continues to grow in Australia and abroad and the call for more
sustainable animal food production intensifies, there is a need to better understand changes
in the consumption patterns of animal- and plant-based dairy products and the factors
associated with different consumer types. Using an Australian sample, this study presents
consumption frequency insights and demographic and psychosocial factors associated with
consumers of dairy and dairy-alternative products.

Consumer motivations contributing to increasing plant-based milk consumption are
poorly understood. Proposed motivations include perceived health benefits of PBM, as well
as a growing cohort of consumers suffering lactose intolerance and milk protein allergies [9].
With global dairy milk production contributing 3% of global greenhouse gas emissions,
environmental motivations to consume less animal-based dairy milk are also suggested
and are likely reflected by increasingly common diet patterns such as veganism [10,11].
However, these motivators have rarely been investigated from a consumer behaviour
standpoint and rarely in an Australian context.

The limited available literature, based mainly on online surveys and interviews con-
ducted in the United States, suggest a range of factors associated with exclusive PBM
consumption or mixed plant- and animal-based dairy consumption, relative to exclusive
animal-based dairy consumption. These factors include beliefs about animal welfare [12,13],
environmental impact/sustainability [14,15], and (lower perception of) dairy milk as a
staple item [12]; vegetarian/vegan dietary preferences [16]; political orientation [16]; and
some sociodemographic characteristics including age [17], gender [18], and presence of
children in the household [16].

In the Australian context, consumer behaviour research is limited to two studies
conducted over two decades ago [19,20]. Using random but relatively small samples of
shoppers from a single location, these studies presented mixed findings regarding associ-
ations between cultural background and the consumption of soy milk. Thus, Australian
consumer data on PBM consumption habits and associated factors are limited to relatively
small and outdated studies, conducted when the PBM market comprised primarily soy
milk [21].

This study contributes to the limited extant literature describing differences between
animal-based and plant-based dairy consumer groups. The specific objectives of this study
are (1) to examine consumption frequencies of plant-based milk and animal-based dairy in
Australia during a market growth period (from 2019 to 2022) and (2) determine the psy-
chosocial and sociodemographic factors associated with distinct consumer segments based
on patterns of dairy and plant-based milk consumption, that is, exclusive plant-based milk
consumers (PBM), exclusive animal-based dairy consumers (ABD), and mixed consumers
(consuming both PBM and ABD). The findings have implications for the marketing and
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promotion of ABD and PBM, as well as informing behaviour change interventions towards
more environmentally sustainable dietary choices.

2. Materials and Methods
2.1. Survey Instrument

This study utilised data collected using the Food Insights Questionnaire (FoodlQ), an
online survey of Australian shoppers established by the University of Adelaide’s Centre
for Global Food and Resources in 2018. The survey instrument is designed to respond to
current food issues and trends, providing insight into Australian consumer food choice
behaviour. Previous applications of the FoodIQ questionnaire include examining dietary
patterns, motivations, and intentions of the increasingly common ‘flexitarian” cohort (meat
reducers) and to better understand variation in consumer preferences for alternative protein
sources [22,23].

Reputable online panel provider, DynataTM are engaged to recruit survey samples at
6-month or 12-month timepoints. Each timepoint sample consists of over 1000 participants,
with data collection commencing in 2018. Recruited samples represent the Australian
population on factors including gender, age, education level, residence in Australia’s
states/territories and metropolitan areas, having children in the household, cultural back-
ground, and household income. DynataTM also perform data quality checks to reduce
erroneous responses in the final dataset.

Our study analysed FoodIQ data collected between June and August each year from
2019 to 2022 (four timepoints). This period was chosen as a time of reported increased dairy
milk substitute purchasing in Australia [8]. Eligible respondents were aged >18 years and
solely or jointly responsible for household food shopping. Ethics approval was provided
by the University of Adelaide Human Research Ethics Committee (H-2018-173).

Four cohorts were recruited between 2019 and 2022, with a total of 4196 responses ob-
tained. Some responses (1 = 1645) were submitted by recurring survey respondents who
returned to participate in the same survey at multiple timepoints. Of the 4196 responses
received, 3271 were submitted by ‘unique’ respondents. Each cohort was nationally
representative with respect to gender, age, university education, and residential area
(see Table 1).

Survey items assessed consumption frequency, motivations, behaviours, and percep-
tions regarding food-related topics. Survey items used for the present analysis include

e consumption frequency during the previous 12 months for dairy products (milk,
cheese, and yoghurt) and plant-based milk products (e.g., soy, almond, oat, rice, and
macadamia milk);
dietary pattern (omnivore, semi-vegetarian/flexitarian, full-time vegetarian, and vegan);
relative importance placed on 15 different food choice factors when grocery shopping,
measured using a point allocation task;

e sociodemographic and household characteristics.

2.2. Statistical Analysis

Descriptive statistics were conducted in SPSS (version 29.0) and multivariate analyses
in Stata (version 17). Chi-squared tests of independence were used to compare categorical
variables, with Bonferroni-adjusted p-values used for multiple comparisons. ANOVA
tests were used for comparison of means, with Welch’s F statistic used for variables with
heterogenous variance across dairy consumption groups and post hoc Tamhane’s T2 tests
used for multiple comparisons.

To address objective one (to examine the consumption frequency of plant-based
milk and animal-based dairy in Australia over time) all 4196 responses collected from
2019 to 2022 were analysed. This therefore included ‘recurring’ respondents, individuals
who completed the same survey at multiple timepoints (1n = 1645). Mean consumption
frequencies were derived from a categorical variable with 10 response options ranging
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from 0 = never consume to 9 = consume every day. Tables 1 and 2 present analysis of
this sample.

To address objective two (determine the psychosocial and sociodemographic factors
associated with distinct consumer segments based on patterns of dairy and plant-based
milk consumption), consumer groups were defined by the results of the ‘consumption
frequency’ survey item as follows:

e  Exclusive ABD consumers: respondents who ‘never’ consumed PBM in the past
12 months, but consumed ABD at any frequency in the same period;

e  Mixed consumers: respondents who consumed both PBM and ABD at any frequency
in the past 12 months;

e  Exclusive PBM consumers: respondents who ‘never’ consumed ABD in the past
12 months, but consumed PBM at any frequency in the same period.

Analysis for objective 2 followed a smaller set of respondents than objective one,
with respondents excluded based on three criteria: (1) it was not the respondent’s most
recent submission (applies to recurring respondents only, with their most recent submission
retained for analysis) (n = 1645); (2) respondents had consumed neither PBM nor ABD
in the past 12 months (n = 56); and (3) data were collected in 2019, as the ‘Food Choice
Factor’ item was not included in this year’s survey instrument (n = 740). Therefore, the
multivariate analysis was based on a sample of 2475 unique survey respondents which was
found to be nationally representative. Tables 3 and 4 present analysis of this sample.

A multinomial logit regression model (MNL) was used to identify factors associated
with dairy consumer group membership. The most appropriate MNL model for deter-
mining the predictive value of participants’ characteristics on group membership was
identified based on minimum Bayesian information criterion (BIC) value, variance inflation
factor values (maximum 2.89), and researcher judgement. For our model, non-parametric
Spearman’s tests returned a maximum correlation coefficient of 0.517. Table 4 presents the
marginal effects for each variable on the three consumption groups. Independent variables
in the model included those previously found to be associated with consumption of ABD
and/or PBM, including beliefs about animal welfare [12,13]; environmental impact [14,15];
vegetarian/vegan dietary preferences [16]; and sociodemographic characteristics includ-
ing age [17] and gender [18] and presence of children in the household [16]. Remaining
variables in the model were included due to their likely relevance to this study, given their
relevance to the similar topic of alternative protein consumption; these factors included a
panel of ‘individual’ food choice factors, describing personal food preferences such as taste,
appearance, and price, as well as further demographic factors such as household income,
residence in a metropolitan area, living with a partner, and education level. The marginal
effects are interpreted relative to the omitted reference category for each variable.

3. Results
3.1. Participant Characteristics in Each Cohort

Characteristics of participants in each cohort are presented in Table 1. Most cohorts
were nationally representative (within 5% of national data) with respect to gender, age,
education, and residential area. Statistically significant differences were found between
the 2022 cohort and the others with a larger share of respondents aged >55 years and a
smaller share aged 18-24 years in 2022. The 2022 cohort also had a higher share of females
compared to the 2021 cohort, and the 2020 cohort had a higher share of metropolitan
respondents compared to the two later cohorts. Notably, cohorts did not differ significantly
with respect to the proportion of respondents with an Australian (77%) or Asian (7%)
cultural background or with children (<18 years) in the household (33%).
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Table 1. Participant sociodemographic characteristics per yearly survey cohort.
Survey Cohort (%)
June June-July June-July July-August
2019 2020 2021 2022 Total Australian
Characteristic (n =1019) (n =1125) (n =1001) (n =1051) (n = 4196) Population *
Gender
Male 47.9 b 47.22b 49.0b 4222 46.5 49.3
Female 52.02b 52.62b 50.6 ° 57.82 53.3 50.7
Unspecified / Intersex 012 022 042 0.0? 0.2 -
Age (y)
18-24 14.12 1142 1252 41b 10.5 621
25-34 1532 18.6 2P 205P 1492 17.3 14.3
35-44 1892 19.02 18.42 19.12 18.9 13.7
45-54 18.12 18.82 15.6 2 1742 17.5 12.7
55-64 1582 1552 15.62 21.3b 17.0 11.9
65+ 17.82 16.8 17.52 23.1b 18.8 17.2
University degree 38.32b 46.2°¢ 40.9 be 3492 40.2 36.8%
Metropolitan area 71.1 2 735P 65.82 66.6 2 69.4 66.9
Children < 18 y living in household 3412 3362 3354 30.2@ 32.8 -
Cultural background
Australian 77.82 75.62 76.32 76.52 76.5 -
Asian § 6.9 2 8.42 692 7.02 7.3 -
Household income (pre-tax)
Quintile one (<AUD 35,000) 22.64b 18.0° 26.1 ¢ 28.8¢ 23.8 -
Quintile two (AUD 3500040 202 1992 21.82 2362 21.4 -
Quintile three (AUD 65,0011&3A0[éé)) 1852 240b 243b 23.7b 7 _
Quintile four (AUD 105,00116—le01018 2312 20,1 2b 15.9b 16.0P 18.8 -
Quintile five (>AUD 165,000) 15.6 2P 17.8b 12.02 79¢ 13.4 -

abe Percentage values in a row with unlike superscript letters were significantly different (p < 0.05) based on results
of Chi-squared test of independence. * Australian population data are from the Australian 2021 Census [24]. T The
18-24 age bracket survey data are compared to the Census’s 20-24 age bracket. ¥ The University degree survey
data are compared to the Census’s 20-64 age bracket. The next available age bracket is 15-74 years with a 32.1%
university degree award rate [25]. § Includes Mainland South-East Asian, Maritime South-East Asian, Chinese
Asian and Other North-East Asian.

3.2. Consumption Frequency Over Time

Consumption frequencies of ABD and PBM are compared from 2019 to 2022 (Table 2).
Overall, 96% of respondents reported consuming any ABD in the past 12 months (less than
weekly, weekly, or everyday), compared to 39% for PBM. On average, ABD was consumed
more frequently than PBM, with an average consumption score of 6.9 (which equates to
four days per week), compared to a score of 1.9 (less than once per month) for PBM. Most
participants consumed ABD daily (47%) or at least once per week (46%). In contrast, only
7.9% consumed PBM daily and 21% at least once per week (1-6 days).

Table 2. Self-reported consumption of animal-based dairy and plant-based milk collected annually
from representative Australian samples.

Survey Cohort
June June-July June-July July-August
2019 2020 2021 2022 Total
(n =1019) (n =1125) (n =1001) (n =1051) (n =4196)
Consumption * Mean (SD) Welch’s E * p-value
Animal-based dairy
products 6.9 (2.7) 6.9 (2.6) 6.8 (2.6) 6.8 (2.6) 6.9 (2.6) 1.396 0.242
Plant-based milk products 1.7 2 (2.8) 21b@3.1) 2.1°3) 1.72(2.9) 1.9 (3) 6.602 * <0.001
Animal-based dairy o 21
products Cohort (%) x- ¥, df p-value
Never 452 402 342 452 4.1 15.979, 9 0.067
Less than weekly 392 3.04 412 332 3.6
Weekly — 42.12 44.4 b 48.7° 4792 45.7




Sustainability 2024, 16, 7168

6 of 15

Table 2. Cont.

Survey Cohort
June June-July June-July July-August
2019 2020 2021 2022 Total

(n =1019) (n =1125) (n =1001) (n =1051) (n = 4196)

Everyday

Plant-based milk products
Never

Less than weekly

Weekly

Everyday

4952 4852 4394 4432 46.6

64.62 57.6P 57.1b 65.32 61.1 27.961,9 0.001
99a 1092 11.02 902 10.2

18.8 ab 22.7be 23.8°¢ 17.92 20.8

6.72 8.82 812 7.82 7.9

ab¢ mean values in a row with unlike superscript letters were significantly different (p < 0.05) based on results

of Tamhane’s T2 multiple comparison test with Bonferroni-adjusted p-values. * Question wording: Considering
the last 12 months (1 year), how often did you eat the following foods, on average? Dairy products (milk,
cheese, yogurt); Plant-based milk products (e.g., soy, almond, oat, rice, and macadamia milk). Response options:
0 = Never; 1 < once per month; 2 = 1-3 times per month; 3 = 1 day per week; 4 = 2 days per week; 5 = 3 days
per week; 6 = 4 days per week; 7 = 5 days per week; 8 = 6 days per week; 9 = Every day. ¥ Welch’s F statistic.
Significance level p < 0.05. Asymptotically F-distributed. ¥ x?, Chi-squared test of independence. df, degrees
of freedom.

Some statistically significant differences between cohorts were found for both products.
For ABD, the proportion of participants who reported consumption at least once per week
(but not every day) increased significantly from 42% in 2019 to 49% in 2021, stabilising at
48% in 2022. For PBM, mean consumption significantly increased from ‘less than once per
month’ in 2019 to “1-3 times per month’ in 2020 and 2021 and significantly reduced in 2022,
returning to ‘less than once per month’. PBM consumers in the ‘at least once per week’
category increased from 19% in 2019 to 24% in 2021 and reduced from 23% in 2020 to 18%
in 2022.

3.3. Variables That Influence the Probability of Belonging to Each Consumption Group

A summary of each consumption group is provided below, which highlights the
variables that had a statistically significant influence on the probability of belonging to that
consumption group based on the results of the described MNL model. This is followed
by a description of the relative impact of statistically significant variables on consumption
group membership.

‘Exclusive animal-based dairy consumers’ constituted 59% of the consumer sample
(Table 3). The marginal effects from the MNL model show that the following variables had
a statistically significant and independent impact on the probability of being an ‘Exclusive
animal-based dairy consumer”: older age, living without a partner, not having a university
education, not coming from an Asian cultural background, following an omnivorous
dietary pattern (rather than a flexitarian or vegetarian dietary pattern), identifying price
among their top five most important food choice factors when grocery shopping, and
not identifying specific individual food choice factors (specifically, novelty, health and
nutrition, naturalness, and food tolerance/restrictions) among their top five food choice
factors (Table 4).

Table 3. Variable composition of consumption groups assessed in multinomial regression model.

Variable (%)

Exclusive Exclusive
Animal-Based Mixed Plant-Based Total
Dairy Consumers Milk (1 = 2475) x2 1, df p-Value
Consumers (n =961, 39%) Consumers
(n = 1452, 59%) (n = 62, 3%)

Female
Mean age (SD) [continuous]
min = 18y, max = 76y

509 b 58.52 64.5 b 54.2 16.139, 2 <0.001 *
51.0 (16.0) 40.2 (14.6) 38.3 (13.7) 465(16.2) 55.614%,2  <0.001*
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Table 3. Cont.
Exclusive Exclusive
Animal-Based Mixed Plant-Based Total
Variable (%) Dairy Consumers Milk (1 = 2475) x*t, df p-Value
Consumers (n =961, 39%) Consumers
(n = 1452, 59%) (n=62,3%)
Age (y)
18-24 6.8P 1522 21.0@ 104 269.996, 10 <0.001 *
25-34 13.6° 2652 3062 19.1
3544 15.2P 2394 16.1 b 18.6
45-54 1762 15.82 19472 17.0
55-64 21.0b 10.12 812 16.4
65+ 25.7b 8432 482 18.5
University degree 33.2b 50.7 @ 64.54 40.8 88.031, 2 <0.001 *
Metropolitan area 65.2b 7414 71.0 b 68.8 21.332,2 <0.001 *
Children <18y living 28.5P 4262 22.6b 33.8 54.573,2 <0.001 *
in household
Living with partner 61.6 2P 64.6° 46.8° 62.4 8.895, 2 0.012 *
Cultural background
Australian 79.8b 70.22 80.6 2P 76.1 29.484, 2 <0.001 *
Asian 8 34b 13.12 9.72 74 79.839, 2 <0.001 *
Household income (pre-tax)
Quintile one (<AUD 35,000) 27.7b 20.24 24.2ab 24.7 46.665, 8 <0.001 *
Quintile two (AUD
35,001-AUD 65,000) 239P 17.92 2747 21.7
Quintile three (AUD a
65,001-AUD 105,000) 212P 28.0 16.13 237
Quintile four (AUD
105,001-AUD 165,000) 15.6° 19.72 22,630 17.4
Quintile five (>AUD 165,000) 1162 1432 9.72 12.6
Diet pattern !
Omnivore 81.0¢ 5742 21.0° 70.3 1024.718, 6 <0.001 *
Flexitarian 159P 3224 24.pab 22.4
Vegetarian 2.5b 992 4.823b 5.5
Vegan 0.62 0.52 50.0® 1.8
Psychological variables
Food choice factors identified among top five most important when grocery shopping H
Prosocial
Impact on animals 18.1P 2432 3392 20.9 20.028, 2 <0.001 *
Environmental impact 11.7b 18.12 19.4 2b 14.4 20.499, 2 <0.001 *
Fairness 1322 1522 16.12 14.1 2.081,2 0.353
Individual
Appearance 2032 18.3% 1292 19.4 3.181,2 0.204
Taste 51.4°¢ 43.7 4 2420 47.7 27.752,2 <0.001 *
Food safety 30.0@ 29.84 12.9P 29.5 8.395, 2 0.015*
Novelty 48°b 9.22 4.82b 6.5 18.168, 2 <0.001 *
Country of origin 322b 2551 27.42b 29.5 12.753, 2 0.002 *
Health and nutrition 4174 4642 4034 435 5.552,2 0.062
Price 61.9P 49.24 4192 56.5 43.393,2 <0.001 *
Convenience 2932 2542 16.12 274 8.455, 2 0.015*
Naturalness 25.34 28.24 29.04 26.5 2.747,2 0.253
Familiarity 30.4b 2434 1292 27.6 17.367,2 <0.001 *
How food was produced 15.4 b 20.32 22620 17.5 10.928, 2 0.004 *
Food tolerance and restrictions 103°¢ 16.62 339P 13.3 43.631,2 <0.001 *

* %2, Chi-squared test of independence. Significance level p < 0.05. Asymptotically distributed (2-sided).
df, degrees of freedom. 2 mean values in a row with unlike superscript letters were significantly different
(p < 0.05) based on results of Tamhane’s T2 multiple comparison test with Bonferroni-adjusted p-values. *
Significant p-value. ¥ Welch'’s F statistic. Significance level p < 0.05. Asymptotically F-distributed. S Includes
Mainland South-East Asian, Maritime South-East Asian, Chinese Asian and Other North-East Asian. ' Diet
pattern response option wording: Omnivore: I eat most animal products including meat, fish, seafood, and/or
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dairy; Semi-Vegetarian/Flexitarian: I am cutting back on meat but not avoiding it completely; Full-time Vegetarian:
I do not eat meat but am still eating other animal products; Vegan: I do not eat any animal products. ' ' Question
wording: “How important are the following factors to you when you are grocery shopping for food? Please
allocate 100 points among the characteristics based on the IMPORTANCE each has on your purchase decision
when grocery shopping for food.

Table 4. Multinominal regression model predicting relationship between sociodemographic and
psychological factors associated with animal-based dairy and plant-based milk consumer groups

(n =2475).
Exclusive Animal-Based . Exclusive Plant-Based
. Mixed Consumers .
Dairy Consumers (1 = 961, 39%) Milk Consumers
(n = 1452, 59%) ! (n =62, 3%)
Variable Marginal (SE) Marginal gy Maginal (g
Female —0.018 (0.018) 0.022 (0.018) —0.003 (0.005)
Age (y)
18-24 Ref
25-34 0.028 (0.038) —0.019 (0.039) —0.010 (0.012)
3544 0.076 (0.04) —0.059 (0.041) —0.017 (0.013)
45-54 0.172* (0.039) —0.156 * (0.04) —0.016 (0.013)
55-64 0.293 * (0.04) —0.270 % (0.04) —0.023 (0.013)
65+ 0.339 * (0.04) —0.315* (0.04) —0.024 (0.013)
University degree —0.056 * (0.019) 0.038 (0.019) 0.018 * (0.006)
Metropolitan area —0.004 (0.02) 0.004 (0.02) 0.000 (0.006)
Children <18y living in household 0.011 (0.022) 0.002 (0.022) —0.013 (0.007)
Living with partner —0.045 * (0.021) 0.053* (0.021) —0.008 (0.006)
Cultural background
Australian 0.038 (0.022) —0.048 * (0.022) 0.009 (0.007)
Asian ¥ —0.204 * (0.037) 0.189 * (0.036) 0.015 (0.009)
Household income (pre-tax)
Quintile one (<AUD 35,000) Ref
Quintile two (AUD 35,001-AUD 65,000) 0.034 (0.027) —0.040 (0.027) 0.007 (0.007)
Quintile three (AUD 65,001-AUD 105,000) —0.037 (0.028) 0.038 (0.028) —0.001 (0.007)
Quintile four (AUD 105,001-AUD 165,000) 0.001 (0.031) —0.016 (0.031) 0.016 (0.009)
Quintile five (>AUD 165,000) —0.002 (0.034) —0.002 (0.034) 0.005 (0.009)
Diet pattern §
Omnivore Ref
Flexitarian —0.162 * (0.02) 0.147 * (0.02) 0.015* (0.006)
Vegetarian —0.264 * (0.039) 0.253 * (0.039) 0.011 (0.01)
Vegan —0.052 (0.108) —0.035 (0.109) 0.087 * (0.011)
Psychological variables
Food choice factors identified among top five most important when grocery shopping !
Prosocial
Impact on animals —0.013 (0.023) 0.020 (0.023) —0.007 (0.006)
Environmental impact —0.051 (0.026) 0.055* (0.026) —0.004 (0.007)
Fairness —0.016 (0.026) 0.023 (0.026) —0.007 (0.008)
Individual
Appearance —0.008 (0.024) 0.013 (0.024) —0.005 (0.007)
Taste 0.001 (0.02) 0.012 (0.02) —0.013* (0.006)
Food safety 0.000 (0.021) 0.013 (0.021) —0.014 % (0.007)
Novelty —0.072* (0.036) 0.076 * (0.036) —0.004 (0.011)
Country of origin —0.015 (0.021) 0.015 (0.022) 0.000 (0.006)
Health and nutrition —0.064 * (0.019) 0.067 * (0.02) —0.003 (0.005)
Price 0.044 * (0.021) —0.036 (0.021) —0.008 (0.006)
Convenience 0.017 (0.021) —0.010 (0.021) —0.007 (0.006)
Naturalness —0.049 * (0.022) 0.047 * (0.022) 0.003 (0.006)

Familiarity 0.038 (0.021) —0.028 (0.021) —0.010 (0.007)
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Table 4. Cont.

Exclusive Animal-Based
Dairy Consumers
(n = 1452, 59%)

Mixed Consumers
(n =961, 39%)

Exclusive Plant-Based
Milk Consumers
(n=62,3%)

Variable Matginal cp Ml g Masinal g
How the food was produced —0.022 (0.025) 0.022 (0.025) 0.000 (0.006)
Food tolerance and restrictions —0.103 * (0.027) 0.084 * (0.027) 0.019 * (0.006)
Survey cohort
2020 Ref
2021 —0.008 (0.028) 0.012 (0.028) —0.003 (0.008)
2022 0.028 (0.027) —0.045 (0.027) 0.017* (0.007)

* Marginal effects measure impact of factors relative to the control group (animal-based dairy consumers). SE,
standard error. * Indicates corresponding Z statistic is significant at 0.05 level. 1 Includes Mainland South-
East Asian, Maritime South-East Asian, Chinese Asian, and Other North-East Asian. § Diet pattern response
option wording: Omnivore: I eat most animal products including meat, fish, seafood, and/or dairy; Semi-
Vegetarian /Flexitarian: I am cutting back on meat but not avoiding it completely; Full-time Vegetarian: I do
not eat meat but am still eating other animal products; Vegan: I do not eat any animal products. ' Question
wording: “How important are the following factors to you when you are grocery shopping for food? Please
allocate 100 points among the characteristics based on the IMPORTANCE each has on your purchase decision
when grocery shopping for food.

‘Mixed consumers’ (those who identified as consuming both ABD and PBM in the
preceding 12 months), constituted 39% of the sample (Table 3). The following variables
had a statistically significant and independent impact on the probability of being a ‘mixed
consumer’: younger age; living with a partner; coming from an Asian cultural background;
not having an Australian cultural background; following flexitarian or vegetarian dietary
pattern (relative to an omnivorous dietary pattern); and identifying environmental impact
and several individual food choice factors (novelty, health and nutrition, naturalness, and
food tolerance/restrictions) among their top five most important food choice factors when
grocery shopping (Table 4).

‘Exclusive plant-based milk consumers’ constituted 3% of the sample (Table 3). The
following variables had a statistically significant and independent impact on the probability
of being in this group: having a university degree; following a flexitarian or vegan dietary
pattern (relative to an omnivorous dietary pattern); identifying food tolerance/restrictions
among their top five food choice factors; not identifying taste or food safety among their
top five food choice factors; and being in the 2022 survey cohort (relative to the reference
year of 2020) (Table 4).

3.4. Relative Impact of Variables on Consumption Groups

Age had the greatest impact on consumption group. Compared to those aged
18-24 years, participants aged 45 years and over were more likely to be ‘exclusive animal-
based dairy consumers’ (17-34% greater probability, depending on age group) and less
likely to be ‘mixed consumers’ (16-32% lower probability, depending on age group).
Dietary pattern had the next highest impact. Compared to omnivores, vegetarians had
a 26% lower probability of being ‘exclusive animal-based dairy consumers’ and 25%
greater probability of being “mixed consumers’; flexitarians had a 16% lower probability
of being ‘exclusive animal-based dairy consumers’, a 15% greater probability of being
‘mixed consumers’, and a 1.5% greater probability of being ‘exclusive plant-based milk
consumers’; and vegans had a 9% higher probability of being ‘exclusive plant-based
milk consumers’. Cultural background also had a relatively large impact on consump-
tion group. Participants with an Asian background had a 19% greater probability of
being ‘mixed consumers’ and a 20% lower probability of being ‘exclusive animal-based
dairy consumers’.

Other factors that influenced the probability of belonging to a specific consumption
group were identifying certain food choice factors amongst the five most important ones
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when grocery shopping, living with a partner, and university-level education. Consumers
who identified ‘food tolerance and restrictions’, ‘novelty’, ‘health and nutrition’, and
‘naturalness’, among their top five food choice factors when grocery shopping had a
5-8% greater probability of being ‘mixed consumers’ and a 5-10% lower probability of
being ‘exclusive animal-based dairy consumers’. Those who identified ‘food tolerance
and restrictions’ as a top-five food choice factor also had a 2% higher probability of being
an ‘exclusive plant-based milk consumer’. Additionally, consumers who identified “price’
among their top five factors had a 5% greater probability of being ‘exclusive animal-based
dairy consumer’; consumers who identified ‘environmental impact” among their top five
factors had a 6% greater probability of being ‘mixed consumers’; and consumers who
identified ‘taste’ and ‘food safety” among their top five factors had a 1% lower probability
of being ‘exclusive plant-based milk consumers’.

Household composition played a role in consumption, such that consumers who lived
with a partner had a 5% greater probability of being ‘mixed consumers’ and a 5% lower
probability of being ‘exclusive animal-based dairy consumers’, compared to those living
without a partner. Lastly, those with a university degree had a 2% greater probability
of being “exclusive plant-based milk consumers’ and a 6% lower probability of being an
‘exclusive animal-based dairy consumer’.

Factors that did not statistically significantly influence the probability of belonging to
a specific consumption group were presence of children in the household, area of residence
(metropolitan vs. other), household income, and certain food choice factors (impact on
animals, fairness, appearance, country of origin, convenience, familiarity, and how the food
was produced).

4. Discussion

Using data from large and nationally representative samples, this study examined
consumption of animal-based dairy and plant-based alternative milk products in Australian
adults over time. Three distinct consumption patterns of animal-based dairy and plant-
based alternatives—exclusive plant-based milk consumers (PBM), exclusive animal-based
dairy consumers (ABD), and those consuming both PBM and ABD—and factors associated
with belonging to each consumption group were also investigated. The results suggest
that while ABD is consumed more frequently than PBM, there was significantly more
variation in PBM consumption over the study period. Key characteristics that predicted
membership of each group included older age and not prioritising health and nutrition
for membership for ABD-exclusive consumers; cultural background and prioritising food
tolerance and restriction for mixed consumers; and veganism and low taste priority for
PBM-exclusive consumers. These findings provide novel insights into the consumption of
dairy and plant-based milk alternatives in Australian adults, which is expected to be of
value to health professionals and both the dairy and plant-based dairy industries. These
findings will now be discussed in the context of the extant plant-based food consumption
literature in the following sections.

4.1. Changes in Consumption Frequency

Overall, ABD was the leading dairy choice compared to PBM between 2019 and 2022,
consistent with recent Australian sales volume data [7,11]. Notably, PBM consumption was
more varied than ABD. A small but significant increase in PBM consumption could reflect
the growing range of plant-based alternative dairy products made available to Australian
consumers in recent years and aligns with others who have also reported increases in PBM
consumption [11]. Less expected was the following decrease in PBM consumption from
2020 to 2022. While common barriers, such as price and taste, can affect the uptake of novel
food products, differences in the sociodemographic profiles of our survey cohorts may
also have contributed to this result. Notable also is the potential impact of the COVID-
19 pandemic on food choice behaviour and global food systems dynamics, potentially
contributing to the increased likelihood of the 2022 respondents belonging to the exclusive



Sustainability 2024, 16, 7168

11 of 15

PBM consumption cohort. Identifying factors linking PBM consumption and the pandemic
is beyond the scope of this study. Nevertheless, continued annual monitoring of ABD
and PBM consumption would provide greater insight into consumption trends for these
product groups in the Australian context. Investigation into the behavioural and external
drivers of PBM consumption is another valuable field of inquiry, with potential implications
for PBM product formulation and marketing efforts.

4.2. Exclusive Animal-Based Dairy Consumers

ABD consumers formed the largest cohort of our sample, a finding consistent with
previous Australian sales volume data and US household purchase data [7,17]. Based
on the results of the MNL model, older adults were more likely to be exclusive ABD
consumers. These findings align with reports from North America, with older consumers
more likely to purchase animal-based dairy milk over plant-based milk alternatives [17]
and younger individuals showing a stronger preference for milk alternatives relative to
dairy milk [26]. Product familiarity may underpin preferences for animal-based dairy
among older age groups. With dairy alternatives introduced to the Australian market in
the 1980s, animal-based dairy products were the default dietary staple available during
key stages of food choice pattern development for older cohorts [27,28] and these taste
preferences and habitual food choices seem to persist. The effect of product familiarity on
choice across age cohorts is worth further investigation, with findings potentially informing
dairy alternative product design for increased uptake among this key cohort.

Unexpectedly, selecting health and nutrition as a top factor influencing food choice
reduced the probability of being an exclusive ABD consumer and increased the probabil-
ity of being a mixed consumer. While health-related motivations have previously been
associated with both animal-based dairy and alternative dairy consumers [12], knowledge
of health benefits has also specifically predicted animal-based milk consumption in some
consumer segments [29]. Further, health outcomes and dairy consumption are of particular
importance for the Australian ageing population, where national dietary guidelines advise
increased dairy servings in women over 50 and men over 70 years for bone health [6]. The
discussion is ongoing regarding the adequacy of the nutritional profile of animal-based
versus plant-based dairy products [30,31]. Nonetheless, identifying sustainable and suffi-
ciently nutritious food sources for the growing older population is an environmental and
public health priority [14], and the behavioural mechanisms driving dairy preferences for
older individuals is therefore of considerable interest.

4.3. Exclusive Plant-Based Milk Consumers

Exclusive PBM consumers were least common in our sample. Following a vegan diet
pattern was the most significant factor associated with group membership. Less expected
was the lack of significance of prosocial food choice factors for this cohort, including
impact on animals and environmental impact, that have been commonly associated with
veganism [32,33]. While ‘green’ marketing, including animal welfare and environmental
impact messaging, is increasingly recommended as an effective marketing strategy [34],
our findings and those of Slade and Markevych [26] suggest these efforts could also be
directed towards other product attributes of plant-based milk products.

Interestingly, our results indicate a small but significant likelihood of flexitarians
(part-time animal meat eaters) engaging in exclusive PBM consumption, suggesting that
some flexitarians may engage in “stricter’ dietary behaviours in relation to dairy intake
than with meat. Alternative dietary proteins are a growing field of research, with popular
animal protein sources perceived as less environmentally sustainable by consumers and
novel protein production technologies in development [12,33]. However, relative to meat
and meat alternatives, there has been less focus on choices and dietary patterns related to
dairy and dairy alternatives. The present study contributes to this literature and highlights
a need for a deeper understanding of consumer behaviour related to these products.
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Exclusive PBM consumers were less likely to prioritise taste when choosing food
items. Taste is often cited as a value held by ABD consumers and a barrier to PBM
consumption [35-37]. Adequate flavour has been reported by consumers as necessary for
both milk and non-dairy-alternative products and may play a key role in consumption
habit formation [12]. Research concerning a PBM taste profile is ongoing, with one
study finding consumers preferred the sweet and creamy attributes of PBM alternatives
but simultaneously disliked the beany and ‘off-flavours’ arising from alternative milk
processing methods [20,38]. While there is basis for manufacturers to imitate dairy milk-
like sensory characteristics in PBM formulation to broaden product appeal, our results
indicate that existing exclusive PBM consumers may not be influenced by these efforts.

4.4. Mixed Consumers

In contrast to the exclusive ABD consumer cohort, members who consumed both
animal- and plant-based dairy were younger, which is consistent with UK-based re-
search [35]. Mixed consumers were also more likely to come from an Asian cultural
background rather than an Australian one. Cultural ideals are one of many factors shaping
food choice values [39]. Only one of the few Australian studies on this topic has previously
identified an Asian cultural background to be associated with the consumption of soy
milk over animal milk [20]. However, US-based studies have also indicated that house-
holds comprising Caucasian and non-Caucasian consumers are more likely to purchase
animal-based dairy milk and specialty milk types, respectively [17,40]. Further, product
familiarity may be influencing this demographic similarly to ABD consumers, with soy
milk developed and introduced in Asia in the 1940s compared to its US and European
release in the 1970s and 1980s. Tracking consumer preferences and demographics against
dairy product availability in Australian food choice environments may be of interest to
domestic and international producers.

Diet pattern was also a key indicator of mixed consumption. Contrary to exclusive
ABD consumers, mixed consumers were significantly more likely to report following a
flexitarian or vegetarian diet. This result suggests that PBM is an acceptable option for those
already reducing animal meat products in their diets, presenting a synergistic marketing
opportunity for this cohort. A deeper interrogation of diet pattern in the context of milk-
type preference would further inform the consumer profiles presented here and could
follow a segmentation analysis approach [22].

Food tolerance and dietary restrictions significantly influenced dairy product choice
for all consumer cohorts studied. Lactose intolerance is an example of a food intolerance
estimated to affect up to 70% of the world’s population and can lead to partial or complete
avoidance of dairy milks [29]; notably, only 4.5% of Australians report to avoid dairy [5].
Unexpectedly, mixed consumers were most likely to prioritise food tolerance and restriction
when grocery shopping, despite consuming some animal-based dairy products. Potential
explanations include consuming animal-based but lactose-free dairy products, or having
non-dairy-related food intolerances which was not specifically asked about in this survey.
Lactose-intolerant individuals have also been reported to consume lactose products despite
discomfort, or in small amounts without consequence [12], which may be necessitated by
the relatively limited range of lactose-free and/or alternative dairy products. These findings
may provide insight for healthcare professionals and warrant extending the current study
scope to include lactose-free dairy products and lactose-intolerance-dedicated survey items.

The intersection of ethnicity and food tolerance requirements may also be of particular
interest to the domestic and international PBM markets. The proportion of Australians
with an Asian ethnic backgrounds is increasing, with 17.4% of the Australian population
registering Asian ancestry in the 2021 census [41]. Given the high incidence of lactose
intolerance among Asian and several other non-Caucasian cohorts, PBM producers may
reach a larger audience by engaging with a broad range of cultural demographics [42].
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4.5. Limitations and Future Research

The strengths of this study include the recruitment of a sizeable, largely nationally
representative sample and its resulting statistical power. However, several biases are
inherent to self-reported survey data. Self-selection bias can prompt respondents with a
particular interest in the survey topic to respond, causing non-random sample recruit-
ment [43]. Questions evoking social issues, such as animal and environmental justice,
can encourage social desirability bias, where societal expectations may inform responses
rather than lived experience [44]. Food consumption recall questionnaires, such as
FoodIQ), are also limited by recall bias which may affect the accuracy of consumption
data [45]. Further complicating product choice recall is the potential confusion caused by
product naming schemes common to protein-alternative products, e.g., ‘milk’ (standard
name for animal-derived milk in Australia) versus ‘milk’ (referring to plant-based milk).
While this naming convention has been clarified in other countries, Australian standards
do not prohibit plant-based drinks to be marketed as ‘milk’, although a review of the
practice is ongoing [46]. To overcome inaccurate data collection caused by this naming
convention, future research could capture explicit product choices made by participants
at the point of purchase.

The current study design is limited by product type comparison. While consumption
data concerning ABD products (animal-based dairy, including milk, cheese, and yoghurt)
and PBM products (plant-based milk) were directly compared during the analysis, these
product groups are not equivalent; this issue was also encountered by Adamczyk et al. [47].
The survey instrument could be altered to include the broader plant-based dairy product
group, working towards understanding associations with and uses for plant-based cheese
and yoghurt alternatives, too. This expanded understanding would complement the pre-
dicted increase in availability of plant-based dairy alternative product types [48], with the
insights being of particular use to healthcare professionals working with lactose-intolerant
individuals or those following dietary patterns such as veganism.

5. Conclusions

Consumer food choice is a critical lever in the transition to more sustainable food
systems. Taken together, our findings illustrate how sociodemographic and food choice
factors differ between consumers of PBM and/or ABD, providing a foothold to reach
important segments of the dairy and alternative consumer market. Despite the context
of a growing alternative milk market in Australia and abroad, our study highlights that
the PBM uptake in Australia is relatively low compared to ABD, and only a minority
of Australians are exclusive consumers of PBM at this point. In this context, the ‘mixed’
consumer group should not be underestimated as a driving force in the transition to wider
PBM acceptance. As a large cohort who have ‘taken the plunge” and incorporated milk
alternatives into their diets, the future of more environmentally sustainable alternative
milk consumption in Australia is likely to be influenced by ‘mixed’ consumers and their
requirements. Overall, the consumer insights presented are of interest to sustainable food
systems development stakeholders, with a high relevance to the public health and food
promotion sectors.

Author Contributions: Conceptualization, G.T., W.U. and L.M.; methodology, G.T., G.A.H., LM. and
W.U,; formal analysis, G.T.; writing—original draft preparation, G.T.; writing—review and editing,
G.T., G.A.H,, D.L.B. and L.M.; supervision, L.M.; and project administration, G.T. All authors have
read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration of
Helsinki and approved by the University of Adelaide Human Research Ethics Committee (H-2018-173).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.



Sustainability 2024, 16, 7168 14 of 15

Data Availability Statement: The data presented in this study are available upon reasonable request
from the corresponding authors.

Conflicts of Interest: Authors Hendrie and Baird were employed by Commonwealth Scientific and
Industrial Research Organisation (CSIRO). The remaining authors declare that the research was
conducted in the absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

References

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Willett, W.; Rockstrom, J.; Loken, B.; Springmann, M.; Lang, T.; Vermeulen, S.; Garnett, T.; Tilman, D.; De Clerck, F.; Wood, A.;
et al. Food in the Anthropocene: The EAT-Lancet Commission on Healthy Diets from Sustainable Food Systems. Lancet 2019, 393,
447-492. [CrossRef] [PubMed]

Poore, J.; Nemecek, T. Reducing Food’s Environmental Impacts through Producers and Consumers. Science 2018, 360, 987-992.
[CrossRef]

Bajzelj, B.; Richards, K.S.; Allwood, ].M.; Smith, P.; Dennis, J.S.; Curmi, E.; Gilligan, C.A. Importance of Food-Demand Management
for Climate Mitigation. Nature Clim. Change 2014, 4, 924-929. [CrossRef]

Eckard, R.J.; Clark, H. Potential Solutions to the Major Greenhouse-Gas Issues Facing Australasian Dairy Farming. Anim. Prod.
Sci. 2020, 60, 10-16. [CrossRef]

Australian Bureau of Statistics. Australian Health Survey: Nutrition First Results—Foods and Nutrients, 2011-2012 Financial Year;
Australian Bureau of Statistics: Canberra, Australia, 2014.

National Health and Medical Research Council. Australian Dietary Guidelines; National Health and Medical Research Council:
Canberra, Australia, 2013.

Dairy Australia. How Does Milk Compare to Plant-Based Beverages? Dairy Australia: Canberra, Australia, 2022.

Australian Bureau of Statistics. Apparent Consumption of Selected Foodstuffs, Australia 2022; Australian Bureau of Statistics: Canberra,
Australia, 2024.

Zhang, Y.Y.; Hughes, ].; Grafenauer, S. Got Mylk? The Emerging Role of Australian Plant-Based Milk Alternatives as A Cow’s
Milk Substitute. Nutrients 2020, 12, 1254. [CrossRef]

CGIAR. Food Emissions: Direct Agricultural Emissions; CGIAR Research Program on Climate Change; Agriculture and Food
Security (CCAFS); CGIAR: Washington, DC, USA, 2015.

IBISWorld Pty Ltd. Milk Consumption; Business Environment Report C32481; IBISWorld Pty Ltd.: Melbourne, Australia, 2022.
McCarthy, K.S.; Parker, M.; Ameerally, A.; Drake, S.L.; Drake, M.A. Drivers of Choice for Fluid Milk versus Plant-Based
Alternatives: What Are Consumer Perceptions of Fluid Milk? . Dairy Sci. 2017, 100, 6125-6138. [CrossRef]

Moss, R.; Barker, S.; Falkeisen, A.; Gorman, M.; Knowles, S.; McSweeney, M.B. An Investigation into Consumer Perception and
Attitudes towards Plant-Based Alternatives to Milk. Food Res. Int. 2022, 159, 111648. [CrossRef] [PubMed]

Grasso, A.C.; Hung, Y.; Olthof, M.R.; Verbeke, W.; Brouwer, I.A. Older Consumers’ Readiness to Accept Alternative, More
Sustainable Protein Sources in the European Union. Nutrients 2019, 11, 1904. [CrossRef] [PubMed]

Schiano, A.N.; Harwood, W.S.; Gerard, P.D.; Drake, M.A. Consumer Perception of the Sustainability of Dairy Products and
Plant-Based Dairy Alternatives. J. Dairy Sci. 2020, 103, 11228-11243. [CrossRef]

Wolf, C.A.; Malone, T.; McFadden, B.R. Beverage Milk Consumption Patterns in the United States: Who Is Substituting from
Dairy to Plant-Based Beverages? J. Dairy Sci. 2020, 103, 11209-11217. [CrossRef]

Stewart, H.; Dong, D. US Household Purchases of Dairy Milk and Plant-Based Milk Alternatives. J. Agric. Resour. Econ. 2023, 48,
65-81.

Pienwisetkaew, T.; Wongthahan, P.; Naruetharadhol, P.; Wongsaichia, S.; Vonganunsuntree, C.; Padthar, S.; Nee, S.; He, P;
Ketkaew, C. Consumers’ Intention to Purchase Functional Non-Dairy Milk and Gender-Based Market Segmentation. Sustainability
2022, 14, 11957. [CrossRef]

Bus, A.E.M.; Worsley, A. Consumers’ Sensory and Nutritional Perceptions of Three Types of Milk. Public Health Nutr. 2003, 6,
201-208. [CrossRef]

Bus, A.E.M.; Worsley, A. Consumers’ Health Perceptions of Three Types of Milk: A Survey in Australia. Appetite 2003, 40, 93-100.
[CrossRef] [PubMed]

Cardello, A.V,; Llobell, F,; Giacalone, D.; Roigard, C.M.; Jaeger, S.R. Plant-Based Alternatives vs Dairy Milk: Consumer Segments
and Their Sensory, Emotional, Cognitive and Situational Use Responses to Tasted Products. Food Qual. Prefer. 2022, 100, 104599.
[CrossRef]

Malek, L.; Umberger, W.J. How Flexible Are Flexitarians? Examining Diversity in Dietary Patterns, Motivations and Future
Intentions. Clean. Responsible Consum. 2021, 3, 100038. [CrossRef]

Malek, L.; Umberger, W.J. Protein Source Matters: Understanding Consumer Segments with Distinct Preferences for Alternative
Proteins. Future Foods 2023, 7, 100220. [CrossRef]

Australian Bureau of Statistics. 2021 Census Overview. Available online: https://www.abs.gov.au/census/about-census /2021
-census-overview (accessed on 15 April 2024).

Australian Bureau of Statistics. Statistics. Available online: https://www.abs.gov.au/statistics (accessed on 4 August 2023).


https://doi.org/10.1016/S0140-6736(18)31788-4
https://www.ncbi.nlm.nih.gov/pubmed/30660336
https://doi.org/10.1126/science.aaq0216
https://doi.org/10.1038/nclimate2353
https://doi.org/10.1071/AN18574
https://doi.org/10.3390/nu12051254
https://doi.org/10.3168/jds.2016-12519
https://doi.org/10.1016/j.foodres.2022.111648
https://www.ncbi.nlm.nih.gov/pubmed/35940773
https://doi.org/10.3390/nu11081904
https://www.ncbi.nlm.nih.gov/pubmed/31443177
https://doi.org/10.3168/jds.2020-18406
https://doi.org/10.3168/jds.2020-18741
https://doi.org/10.3390/su141911957
https://doi.org/10.1079/PHN2002417
https://doi.org/10.1016/S0195-6663(03)00004-7
https://www.ncbi.nlm.nih.gov/pubmed/12781158
https://doi.org/10.1016/j.foodqual.2022.104599
https://doi.org/10.1016/j.clrc.2021.100038
https://doi.org/10.1016/j.fufo.2023.100220
https://www.abs.gov.au/census/about-census/2021-census-overview
https://www.abs.gov.au/census/about-census/2021-census-overview
https://www.abs.gov.au/statistics

Sustainability 2024, 16, 7168 15 of 15

26.

27.
28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Slade, P.; Markevych, M. Killing the Sacred Dairy Cow? Consumer Preferences for Plant-Based Milk Alternatives. Agribusiness
2023, 40, 70-92. [CrossRef]

Franklin-Wallis, O. White Gold: The Unstoppable Rise of Alternative Milks. The Guardian, 29 January 2019.

Kelder, S.H.; Perry, C.L.; Klepp, K.IL; Lytle, L.L. Longitudinal Tracking of Adolescent Smoking, Physical Activity, and Food Choice
Behaviors. Am. J. Public Health 1994, 84, 1121-1126. [CrossRef]

Mobley, A.R; Jensen, ].D.; Maulding, M.K. Attitudes, Beliefs, and Barriers Related to Milk Consumption in Older, Low-Income
Women. . Nutr. Educ. Behav. 2014, 46, 554-559. [CrossRef]

Clegg, M.E.; Tarrado Ribes, A.; Reynolds, R.; Kliem, K; Stergiadis, S. A Comparative Assessment of the Nutritional Composition
of Dairy and Plant-Based Dairy Alternatives Available for Sale in the UK and the Implications for Consumers’ Dietary Intakes.
Food Res. Int. 2021, 148, 110586. [CrossRef] [PubMed]

Walther, B.; Guggisberg, D.; Badertscher, R.; Egger, L.; Portmann, R.; Dubois, S.; Haldimann, M.; Kopf-Bolanz, K.; Rhyn, P.; Zoller,
O.; et al. Comparison of Nutritional Composition between Plant-Based Drinks and Cow’s Milk. Front. Nutr. 2022, 9, 988707.
Miguel, I.; Coelho, A.; Bairrada, C.M. Modelling Attitude towards Consumption of Vegan Products. Sustainability 2021, 13, 9.
[CrossRef]

Ghaffari, M.; Rodrigo, P.G.K.; Ekinci, Y.; Pino, G. Consumers” Motivations for Adopting a Vegan Diet: A Mixed-Methods
Approach. Int. |. Consum. Stud. 2022, 46, 1193-1208. [CrossRef]

Nguyen-Viet, B. Understanding the Influence of Eco-Label, and Green Advertising on Green Purchase Intention: The Mediating
Role of Green Brand Equity. J. Food Prod. Mark. 2022, 28, 87-103. [CrossRef]

Alae-Carew, C.; Green, R.; Stewart, C.; Cook, B.; Dangour, A.D.; Scheelbeek, PE.D. The Role of Plant-Based Alternative Foods
in Sustainable and Healthy Food Systems: Consumption Trends in the UK. Sci. Total Environ. 2022, 807, 151041. [CrossRef]
[PubMed]

Laila, A.; Topakas, N.; Farr, E.; Haines, J.; Ma, D.W.; Newton, G.; Buchholz, A.C. Barriers and Facilitators of Household Provision
of Dairy and Plant-Based Dairy Alternatives in Families with Preschool-Age Children. Public Health Nutr. 2021, 24, 5673-5685.
[CrossRef] [PubMed]

Sloan, A.E. What Consumers Are Avoiding: A Look at the ‘Free-From’ Market. Food Technology Magazine, 1 December 2014.
Paul, A.A.; Kumar, S.; Kumar, V.; Sharma, R. Milk Analog: Plant Based Alternatives to Conventional Milk, Production, Potential
and Health Concerns. Crit. Rev. Food Sci. Nutr. 2020, 60, 3005-3023. [CrossRef] [PubMed]

Chen, P.-J.; Antonelli, M. Conceptual Models of Food Choice: Influential Factors Related to Foods, Individual Differences, and
Society. Foods 2020, 9, 1898. [CrossRef]

Gulseven, O.; Wohlgenant, M. What Are the Factors Affecting the Consumers” Milk Choices? Agric. Econ. Zemed. Ekon. 2017, 63,
271-282. [CrossRef]

Australian Bureau of Statistics. Census of Population and Housing: Cultural Diversity Data Summary, 2021; Australian Bureau of
Statistics: Canberra, Australia, 2022.

Vandenplas, Y. Lactose Intolerance. Asia Pac. J. Clin. Nutr. 2015, 24, S9-513.

Bethlehem, J. Selection Bias in Web Surveys. Int. Stat. Rev. 2010, 78, 161-188. [CrossRef]

Lai, Y.; Boaitey, A.; Minegishi, K. Behind the Veil: Social Desirability Bias and Animal Welfare Ballot Initiatives. Food Policy 2022,
106, 102184. [CrossRef]

Shim, J.-S.; Oh, K.; Kim, H.C. Dietary Assessment Methods in Epidemiologic Studies. Epidemiol Health 2014, 36, €2014009.
[CrossRef]

Why Do You Allow Non-Dairy Milks to Still Be Called Milk? | You Ask, We Answer. Available online: https://www.dairy.com.
au/dairy-matters/you-ask-we-answer/why-do-you-allow-non-dairy-milks- to-still-be-called-milk (accessed on 22 July 2024).
Adamczyk, D.; Jaworska, D.; Affeltowicz, D.; Maison, D. Plant-Based Dairy Alternatives: Consumers’ Perceptions, Motivations,
and Barriers—Results from a Qualitative Study in Poland, Germany, and France. Nutrients 2022, 14, 2171. [CrossRef] [PubMed]
Haas, R.; Schnepps, A.; Pichler, A.; Meixner, O. Cow Milk versus Plant-Based Milk Substitutes: A Comparison of Product Image
and Motivational Structure of Consumption. Sustainability 2019, 11, 5046. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/agr.21833
https://doi.org/10.2105/AJPH.84.7.1121
https://doi.org/10.1016/j.jneb.2013.11.018
https://doi.org/10.1016/j.foodres.2021.110586
https://www.ncbi.nlm.nih.gov/pubmed/34507731
https://doi.org/10.3390/su13010009
https://doi.org/10.1111/ijcs.12752
https://doi.org/10.1080/10454446.2022.2043212
https://doi.org/10.1016/j.scitotenv.2021.151041
https://www.ncbi.nlm.nih.gov/pubmed/34673070
https://doi.org/10.1017/S136898002100080X
https://www.ncbi.nlm.nih.gov/pubmed/33602360
https://doi.org/10.1080/10408398.2019.1674243
https://www.ncbi.nlm.nih.gov/pubmed/31617734
https://doi.org/10.3390/foods9121898
https://doi.org/10.17221/335/2015-agricecon
https://doi.org/10.1111/j.1751-5823.2010.00112.x
https://doi.org/10.1016/j.foodpol.2021.102184
https://doi.org/10.4178/epih/e2014009
https://www.dairy.com.au/dairy-matters/you-ask-we-answer/why-do-you-allow-non-dairy-milks-to-still-be-called-milk
https://www.dairy.com.au/dairy-matters/you-ask-we-answer/why-do-you-allow-non-dairy-milks-to-still-be-called-milk
https://doi.org/10.3390/nu14102171
https://www.ncbi.nlm.nih.gov/pubmed/35631311
https://doi.org/10.3390/su11185046

	Introduction 
	Materials and Methods 
	Survey Instrument 
	Statistical Analysis 

	Results 
	Participant Characteristics in Each Cohort 
	Consumption Frequency Over Time 
	Variables That Influence the Probability of Belonging to Each Consumption Group 
	Relative Impact of Variables on Consumption Groups 

	Discussion 
	Changes in Consumption Frequency 
	Exclusive Animal-Based Dairy Consumers 
	Exclusive Plant-Based Milk Consumers 
	Mixed Consumers 
	Limitations and Future Research 

	Conclusions 
	References

