Keogh et al. Agricultural and Food Economics
https://doi.org/10.1186/s40100-019-0125-9

(2019) 7:6

RESEARCH

Agricultural and Food
Economics

Open Access

Evolving consumer trends for whey protein
sports supplements: the Heckman ordered
probit estimation
Cian Keogh1,2, Chenguang Li1*
* Correspondence: chenguang.li@
ucd.ie
1
School of Agriculture and Food
Science, University College Dublin,
Dublin 4, Ireland
Full list of author information is
available at the end of the article

and Zhifeng Gao3

Abstract
Despite the fast-rising popularity of whey protein sports supplements over recent
years, there has been little research to investigate the driving forces behind the
consumer choices. Using a consumer dataset collected in Ireland, we applied the
ordered Heckman two-stage method to examine the evolving consumer trend and
to determine the key factors that affect consumers’ choices. The study found that
demographic variables, such as gender and income, do not significantly influence
the decision on whether or not to consume whey, but exercise type is highly
influential. The desire for power and strength is a stable key consumption driver,
with endurance and flexibility becoming more important in the expansion of this
industry. The study also found that whey is under-consumed by older age groups
and under-promoted based on country of origin affiliation. Findings of the study
provide further insights to relevant literature and have direct implications to the
sports supplement industry as well as the dairy ingredient industry.
Keywords: Whey protein, Consumer behavior, Food and nutrition, Heckman
ordered probit

Introduction
Few sports supplements have experienced whey protein’s sustained and notable rise in
recent years (Euromonitor 2016). Whey protein represented a global market value of
approximately USD 7.7 billion in 2016, and its market value is forecasted to reach
around USD 9 billion by 2021, corresponding to an average annual growth of 4%
(3A Business Consulting 2017). The global sports supplement market has expanded rapidly due to many factors, including increased consumer health consciousness, technical
advances in the food industry, predictions for an aging population, and increased health
costs (Hasler 1996; Mirasol 1999; Challener 2000). In addition, the expected increase in
dairy production following the abolition of the EU milk quota regime, and governments’
promotion of value-added dairy products, will further push the growing market of whey
protein-based sports supplements (e.g., Department of Agriculture, Food, and the Marine
(DAFM) 2011).
From the supply side, the major producers of whey products and ingredients are the
EU-28 countries and the USA. In recent years, strong growth of high-end protein products (i.e., products with higher protein concentrate like WPC80 and WPI) has been
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observed, resulting from the fast growth in the main nutritional application sectors, such
as sports supplements, infant formula, clinical nutrition, and functional foods. Leading
dairy and cheese companies, such as Lactalis, Friesland Campina, and Glanbia, play
important roles in whey and lactose markets.1 Although the two largest dairy companies,
Nestlé and Danone, rarely produce whey and lactose ingredients themselves, they are the
major end users of whey and lactose in their products. From the demand side, the major
markets have expanded from the EU and US markets to Asia and beyond. In terms of
market size, Asia has surpassed North America and is predicted to have the most growth
potential over the next 5 years (3A Business Consulting 2017).
From the consumer profiles’ prospectus, the whey protein sports supplement market
has transformed enormously over the years. Historically, consumers of sports nutrition
products have been bodybuilders and athletes (Froiland et al. 2004). With increased consumer health consciousness and rapid expansion of the dietary supplement industry, the
market has seen growing interest in the use of whey protein supplements by recreational
users (Agriculture and Agri-Food, Canada [AAFC] 2010). Studies have also shown that
the calcium and mineral mix provided by dairy products can accelerate weight and fat loss
during energy restriction, suggesting that whey protein might facilitate consumers in
achieving a favorable body weight and composition (Ha and Zemel 2003).
Previous research on consumer perception and behaviors toward whey protein
products can be found for whey protein-added snack, yogurt, and meal replacement
products. Lee et al. (2002) investigated four formulations of whey-protein-isolate (WPI)
coatings used for chocolate-covered almonds and found that water-based WPI-lipid
coatings had higher consumer acceptance than alcohol-based shellac. In another study
done by Childs et al. (2008) on consumer perception of whey and soy protein in meal
replacement products, the researchers found that consumers preferred bars to beverages, but there were no significant preferences for protein type, which may result from
the lack of knowledge and understanding of the different protein types. They also found
that exercisers viewed muscle-building claims as more important, while non-exercisers
viewed the heart health, calcium, and vitamin/mineral claims as more important.
There are no up-to-date quantitative studies that explore consumers’ choice behaviors
for whey protein-based sports supplements. Although the expansion of the sports supplement market has provided tremendous opportunities for the industry, producers and marketers are facing increasing challenges. First, as a wider variety of products become
available in a growing variety of channels, competition is intensified from both inside and
outside the sports nutrition market Agriculture and Agri-Food, Canada [AAFC] 2010;
Euromonitor 2015). Second, ever-evolving consumer trends have placed more pressure
on companies to develop novel products and accelerate the product adaption and
innovation process in order to meet consumer needs (Bistrom and Nordstrom 2002;
Agriculture and Agri-Food, Canada [AAFC] 2010). Under such a situation, continuous effort in understanding consumer trends is crucial to all the players in the industry.
To facilitate improved understanding on whey protein sports supplement consumption and the evolving consumer trends, we carried out a small-scale consumer survey
in Ireland in 2014. Although a small country, Ireland plays a unique role in the world
sports nutrition market. From the production side, Glanbia (headquarters in Ireland)
became the world’s largest sports nutrition producer in 2003. A number of
high-profile acquisitions, including that of Optimum Nutrition and BSN, have given
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Glanbia a 13% share in a fragmented global sports nutrition market (Food and Drink
Business Europe 2011). From the market side, the Irish market for whey protein
sports supplements has seen rapid growth in both Irish-owned brands (Optimum
Nutrition, Kinetica, BSN, ROS, etc.) and non-Irish brands (USN, PhD, etc.).
Compared to the average annual growth of 4% globally, shares of sports nutrition
grew by 9% and sports protein powder grew by 12% in current value terms in 2015 in
Ireland (Euromonitor 2015). With its leading position in sports nutrition production
and its tremendous market growth, Ireland has lent itself to being an appealing case
study choice for the evolving trends of this fast-growing industry.
Sports supplements are traditionally used by athletes to enhance training effect and
to accelerate body recovery. It is often believed that males are the dominant users of
sports supplements (Froiland et al. 2004). The objectives of this research are (1) to
identify the determining factors that affect consumers’ choice of whether or not to
consume whey protein products, (2) to determine the key factors that affect the
amount of whey products consumed by consumers, and (3) to determine the brand
awareness and the key factors that affect consumers’ brand choice. Three hypotheses
are explored. Hypothesis 1: gender plays an important role in the choice of whey protein consumption. Hypothesis 2: exercise type is a determining factor for the consumption of sports supplements. Hypothesis 3: country of origin label has strong impacts on
consumer choices. Findings from the study will have direct implications to improve the
effectiveness of product development and other marketing efforts of the industry. The
rest of the paper is organized as follows. The “Methodology” section explains the model
and methodology applied in the study. The “Data and analysis” section reports the
sample details, the analysis process, and the main results. The “Conclusions and
implications” section concludes the study and provides industry implications.

Methodology
In a typical consumer study scenario, the people interviewed would be asked if they
have consumed a certain product, and if so, how much. For researchers, one problem
that often arises is that the consumption quantity is not observable for those who have
not consumed the product, so that estimating the consumption quantity based only on
the characteristics of consumers of the product would tend to produce biased results
(Heckman 1979; Baltagi 2008; Winkelmann 2013). To solve this potential sample selection bias problem, we used Heckman’s two-stage selection model that approaches the
sample selection as an omitted variables problem in a two-stage process (Heckman
1979).2 In addition, for our survey respondents who have consumed whey protein
sports supplements, their consumption levels were indicated by the selection from a list
of different intervals. From a data analysis point of view, whey consumption is represented by a series of ordered outcomes rather than a continuous variable. To accommodate this ordered response, we used ordered selection models instead of a standard
selection model (Chiburis and Lokshin 2007; De Luca and Perotti 2011).
Combining the above modeling considerations, the main statistical method used
herein is Heckman’s ordered probit model taking into account potential selection bias
and the nature of ordered data. Following De Luca and Perotti (2011), an ordered response model with sample selection can be represented through the following
bivariate threshold-crossing model:
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Y j ¼ βTj X j þ U j j ¼ 1; 2


ð1ÞY 1 ¼ I Y 1 ≥ 0
Y2 ¼

XH
h¼0





hI αh < Y 2 ≤ αhþ1 if Y 1 ¼ 1
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ð1Þ
ð2Þ
ð3Þ

Equation (1) shows the two-stage consumer decision process with each stage decision
affected by a list of factors, where Y 1 represents the latent variable for the selection
process (consume whey or not) and Y 2 represent the outcomes of interest (amount
consumed, or money spent), respectively; the Xj are exogenous variables (demographics, consumer behaviors, etc.); the βj are vectors of parameters; and the Uj are unknown errors. Equation (2) is the selection equation capturing whether or not a
potential consumer i uses whey products, which is modeled as an indicator defined as
Y1 = 1 if Y1* > 0, and Y1 = 0 otherwise. Equation (3) is the outcome equation, that is, the
quantity of whey protein product consumed by consumer i.
Sample selection bias is such that we only observe Y2 when Y1 = 1; that is, we only
observe the quantity consumed by consumers if they decided to consume whey in the
first place, with the decision to consume whey being largely based on the utility
maximization assumption Y 1 ¼ IðY 1 ≥ 0Þ. Adopting the Heckman selection model, our
parametric specification of the model assumes that the errors U1 and U2 follow a bivariate Gaussian (normal) distribution with zero means, unit variances, and correlation
coefficient ρ, which allows for the selection effect to operate. Under this assumption on
the distribution of the latent regression errors, the log-likelihood function for a random
sample of n observations {(Y1i, Y2i, X1i, X2i), i = 1, … , n } is:
o
XH
XN n
ð
1−Y
Þ
ln
π
ð
θ
Þ
þ
Y
I
ð
Y
¼
h
Þ
ln
π
ð
θ
Þ
;
ð4Þ
LðθÞ ¼
1i
0i
1i
2i
1hi
i¼1
h¼0
where θ = (β1, β2, α, ρ) is the vector of all model parameters (β1 is a vector of the parameters for the selection model, β2 is a vector of the parameters for the outcome
model, α is the level of the ordered outcome, and ρ the correlation coefficient for the
errors U1 and U2) and the π′s are the conditional probabilities of the possible realizations of Y1 and Y2. A parametric maximum likelihood (ML) estimator of θ maximizes
the log-likelihood function specified in Eq. (4) and is consistent and asymptotically
efficient under standard regularity conditions (De Luca and Perotti 2011). The statistical software package we used for the estimation is Stata13 (StataCorp 2013).

Data and analysis
A consumer survey on whey protein sports supplements was conducted in Ireland in
February and March of 2014. The questionnaires, generated using survey monkey,
were posted and collected through an online Facebook community.3 The survey was
aimed at Irish residents aged 18 years and above with basic knowledge and understanding about whey protein.
The survey collected the respondents’ demographic characteristics, such as gender,
age, income, and employment status; whey product consumption and purchase behavior, such as whether or not the respondent consumed whey products in the past 5
years and the amount of product consumed; and information on whether respondents
participated in exercises and the types of the exercises. Considering that the main
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function of whey protein is to improve muscle protein synthesis, promote the growth
of muscle, and aid weight-loss, exercise type and frequency are expected to be highly
relevant to the consumption and purchase of whey products. A total of 105 valid
responses were collected and used in this study.
Statistics of participants’ demographic characteristics, together with exercise and
whey consumption behavior, are summarized in Table 1. The percentage of female
respondents are somewhat lower than male respondents (46% vs. 54%), likely reflecting
the continued gender difference in the consumption of sports supplement products.
The majority of the respondents in our sample (77%) engage in more than 3 h of exercise per week, wherein 61% of respondents claim endurance as their main type of exercise compared to 27% of respondents claiming flexibility as their main type of exercise.
Among the respondents, new users (started to use whey protein within the past year)
account for 40% of all users from the respondents compared to 15% having used whey
for more than 5 years. For those who buy whey protein products, more than half are
under the age of 25 years and only 24% are aged 36 years or above, which is in line with
Table 1 Sample summary statistics
Variable

Percentage (%)

Gender
Female

45.71

Male

54.29

Age
Age (≤ 25)

52.94

Age (26–35)

29.42

Age (> 36)

17.64

Gross income
Income (< 30,000 euro)

39.60

Income (30,000–50,000)

44.56

Income (> 50,001–70,000)

13.86

Income (> 70,001)

6.93

Employment
Full-time employed

43.27

Part-time employed

14.42

Others (including full-time, third-level students)

42.31

Exercise hours per week
Up to 3 h

23.30

3 to 6 h

38.83

More than 6 h

37.87

Main type of exercise
Endurance

61

Power and strength

12

Flexibility

27

When started using whey protein
Within the last year

40

1–4 years ago

45

> 5 years ago

15
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previous studies showing the popularity of whey sports supplements among younger
age groups (Morrison et al. 2004; Bianco et al. 2011).4
Results from the Heckman ordered probit models are shown in Table 2. The lower
part of the table reports parameters for the selection model, that is, factors affecting
the decision of whether or not to consume whey protein sports supplements; the
upper part of the table includes estimates for the outcome model, that is, factors affecting the amount of whey products consumed given a decision to consume in the
first place. Whey consumption amount is captured by both the quantity of whey products consumed (model 15) and the money expenditure on whey products (model 2). In
both models, qualitative variables such as gender and exercise type are included as indicator variables, with endurance being used as the base for exercise type. Results in model 1
show that demographic variables such as age, gender, and income do not have a significant influence on the decision on whether or not to consume whey, but exercise type does
make a difference: relative to “endurance” type of exercisers, people who engage in “power
and strength” types of exercises are more likely to consume whey protein sports supplements. Regarding the quantity purchased, gender and income are not significant in the
model results, indicating the lack of statistical evidence to support the gender difference
in the decision for whey protein consumption. Conversely, age is negative and significant,
showing a negative impact at the 95% confidence level even after controlling for exercise
frequency, indicating that among whey consumers, older people tend to consume less
whey protein sports supplements. The results in model 2 are consistent with those reported in model 1, where expense replaces quantity of whey sports supplements consumed as the dependent variable.
These findings suggest that income (albeit self-reported) is not a defining factor of
whey protein sports supplement consumption, and also challenge the conventional
Table 2 Heckman ordered probit estimation on whey consumption quantity and expense
Model (1)

Model (2)

Quantity

Expense

Outcome model
Age

− 0.495**

(− 2.66)

− 0.320*

(− 2.18)

Female

− 0.975

(− 1.61)

− 0.468

(− 1.05)

Income

0.0150

(0.13)

− 0.0220

(− 0.15)

Exercise frequency

− 0.0421

(− 0.51)

− 0.0565

(− 0.54)

− 0.0134

(− 0.14)

− 0.00832

(− 0.09)

Selection model
Age
Female

− 0.144

(− 0.48)

− 0.114

(− 0.39)

Income

− 0.0344

(− 0.40)

− 0.0576

(− 0.60)

Flexibility

0.417

(1.17)

0.199

(0.51)

Power/strength

1.085**

(2.95)

1.111**

(3.16)

Constant

− 0.397

(− 0.92)

− 0.336

(− 0.73)

Athrhoa

1.208

(1.39)

0.669

(0.89)

Log likelihood

− 92.62

− 111.0

Observations

105

105

Values in parentheses are t statistics
*, **, and *** indicate 10%, 5%, and 1% significance level, respectively
a
The athrho is Fisher’s Z transformation of the correlation, also known as the arc-hyperbolic tangent. To obtain estimates
in the correlation metric, one can apply the inverse of this transformation, and test whether rho = 0
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understanding that females are less likely than males to use sports supplements. In
addition, perhaps, the most noteworthy finding involves the older age group. Our
study shows that older people tend to consume less whey products even after controlling for exercise frequency in the analysis. Scientific research indicates that as people
age, they tend to become resistant to the positive effect of protein ingestion, which
means that older people need a higher protein dose than younger people post-exercise
to achieve desired muscle protein synthesis (Burd et al. 2012). In summary, older
people consume less whey protein when they should be consuming more. This apparent divergence offers a potential marketing opportunity for this growing industry.
To further identify the changing consumption trend of whey protein supplements,
we took the subsample of the data (in particular, those who consume whey protein
products) and divided it into two groups: group 1 includes people who used whey for
more than 2 years and group 2 includes those who just started using whey within 2
years at the time of the survey. The statistics show that more than half of the new whey
consumers are those who participate in endurance and flexibility types of exercise,
indicating a strong market growth potential in this market segment. The statistics also
show that more than 80% of the female consumers of whey protein supplements only
started to use the product in the last 2 years, indicating a strong growth trend for
females in recent years. Reasons behind this trend include the change in perception
(that the function of muscle recovery can be achieved without building bulk muscle
mass) and product availability (companies are targeting female consumers with specific
designs that appeal to females (e.g., pink packaging, smaller size)).6
When investigating consumers’ brand preference, we find no significant correlation
among age, gender, or exercise type to the choice of Irish brand vs. non-Irish brand.
But one noteworthy finding is that while 55% of whey consumers surveyed state that
they would prefer Irish brands to non-Irish brands, 41% of consumers within this group
were unaware of whether or not the product they bought is an Irish brand product.
This current lack of awareness of brand origin among consumers likely reflects the
under-promotion of origin-related brand names. On the flip side, using country of
origin labeling to further promote whey products may have strong marketing potential.

Conclusions and implications
Previous research on consumer perception and behaviors toward whey protein products are limited to whey protein-added snack, yogurt, and meal replacement products
(Lee et al. 2002; Childs et al. 2008). In this study, we investigated the evolving consumer trends for whey protein products as sports supplements using a small-scale consumer survey. We found no evidence that the likelihood for the purchase of whey
protein products is affected by gender or income, but the decision is highly correlated
with exercise type. This finding is consistent with some of the previous research that
concludes that demographic characteristics have less impact on consumer food choice
than behavioral variables (Gao et al. 2011; Macharia et al. 2013). Although people who
exercise for “power and strength” are more likely to purchase whey protein products,
the fast-growing market in recent years is among those who mainly undertake endurance and flexibility exercises. This finding shows that the main driving force behind
whey protein consumptions has shifted from elite athletes pursuing higher
performance to recreational exercisers looking to improve body and health function,
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thus providing important updates to our understanding on the market trends compared
to previous literature (Froiland et al. 2004).
The increasing popularity of whey protein supplements among women users is
evident. This revealed a shift in the gender composition of whey protein consumers
from male dominant to gender neutral. In addition, we found that age is an important
factor affecting the consumption choices of whey protein: the older age group tends
to spend less on whey protein and consume less quantity of whey protein products
than the younger age groups even after controlling for exercise frequency, yet
according to scientific research, the older age group needs more whey protein for
muscle recovery post-exercise due to higher resistance to protein ingestion. In terms
of consumers’ brand choice for whey protein products, due to the disconnection of
product brands to country of origin information, consumers’ preference for domestic
brands is not reflected through their brand choice.
Our findings have several implications for the industry. First, there is a clear opportunity
to target recreational and lifestyle users to expand the potential market for whey protein
sports supplements. Second, further development of products that target female consumers is a promising direction for the industry. Third, if whey is being under-consumed
by the older age group, promoting to this group should not only try to attract new
consumers, but also convey to existing users the importance of increasing their whey consumption level based on health grounds. Finally, given the preference for domestic brand
by consumers and the lack of brand origin awareness, further promotion of country of
origin as a favorable product attribute may lead to potential marketing advantage.
Albeit the interesting findings and consumer trends revealed from this study, as noted
above, the data collected in this study have certain limitations in terms of sample size and
social media recruitment method. Given the niche market nature of the product studied,
recruiting consumers was challenging; thus, the sample size is much smaller than preferred. Even for the targeted group of regular exercisers, only a small percentage consume
whey protein products. Another limitation of the study is that we did not include analysis
for consumer attitude toward whey protein products. This is partially due to the study design, which focused more on consumption trend than on consumer attitude. Thereby, future research for the whey protein supplement market on a larger scale that includes
further analysis on consumer attitude with specific marketing focuses may be beneficial.

Endnotes
1
Lactalis is a multinational dairy products corporation headquartered in France.
FrieslandCampina is a Dutch dairy cooperative. Glanbia is a global nutrition company
headquartered in Ireland.
2
Compared to another often-used Tobit model in the related literature, Heckman’s
model allows different mechanisms for the decision to participate (e.g., buy, consume)
and the decisions on the consumption quantity (e.g., how much to buy, how much to
consume) (Heckman 1979; Bellemare and Barrett 2006).
3
There are increasing numbers of research projects being conducted using data collected through online media, given the low cost (compared to face-to-face survey)
and vast popularity of social media. For discussions on the validity and justification of
using online media for survey recruitment, please refer to Tan et al. (2012) and
Samuels and Zucco (2013).
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4

Larger proportion of younger users in the dataset could also partly reflect
recruitment using social media.
5
Two dependent variables that represent whey consumption behaviors which are
used in model 1 and model 2 are the average consumer whey protein supplements
consumption quantity (kilogram) and the average consumer expense for whey protein
supplements (euro) respectively.
6
When a one-stage ordered probit regression was applied to the subsample of whey
protein users using consumption quantity as the dependent variable, we find that the
female variable is negative and statistically significant, which implies that female
consumers tend to buy smaller quantities compared to their male counterparts.
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