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Abstract: Biocides, in the form of sanitisers and disinfectants, are used extensively to reduce the risk
of microbial contamination to beverage products and to ensure the safety of potable water used in
processing. To better understand consumers’ perceptions of biocide use and to explore messaging
strategies regarding their importance to ensure product safety, eight focus groups were conducted
in New Zealand (n = 4) and China (n = 4). Consumers generally did not understand why or how
biocides were used. In both countries, their most trustworthy source of information on biocide use
was government sources. New Zealand and Chinese participants did not like the word “biocide”
mentioned on labels due to its perceived negative connotations. Interestingly, acceptance for the
word was higher if the phrase “environmentally friendly” was simultaneously communicated. The
findings from this study have provided the beverage industry with guidance on how best to initiate
conversations with consumers on the use of biocides.

Keywords: Asia Pacific; functional foods; functional beverages; new product development

1. Introduction

In the dairy and other food and beverage industries, the use of disinfectants and
sanitisers are integral to the production of safe products, as they reduce the risk of foodborne
disease by inhibiting pathogenic microorganisms present on product contact surfaces and
by ensuring the safety of potable water used either in production or for the rinsing down
of surfaces [1]. Sanitisers can be broadly grouped into being either oxidising agents or
surface-active compounds. Halogen-based (e.g., chlorine) compounds, peracetic acid
(PAA), ozone, and hydrogen peroxide are examples of oxidising agents, while acid anionic
compounds and quaternary ammonium compounds (QACs) are examples of surface active
compounds [1–3]. Chlorine is the disinfectant most generally used to ensure the safety of
potable water supplies [4].

Owing to their ability to kill microorganisms, disinfectants and sanitisers are frequently
given the generic term biocides. In processing plants and for water disinfection the use of
biocides is tightly regulated. Only approved biocides can be used in processing plants, and
their maximum use concentration is specified for both food and non-food contact surfaces.
In addition, the use of biocides on food contact surfaces usually occurs at times when the
product is not present. Nevertheless, residues in water or on product contact surfaces may
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potentially come in contact with the product resulting in low levels of biocides or their
breakdown products being detectable in the final product [5].

For example, chlorine-based (e.g., calcium or sodium hypochlorite) sanitisers are
commonly used on farms, in processing plants, and in municipal supplies for ensuring the
safety of potable water, as well as in food or beverage processing plants to sanitise surfaces.
While chlorine plays a crucial role in helping to produce safe foods and beverages, the
occurrence of chlorinated residues (chlorates and perchlorates) that have been generated as
by-products of chlorine use has raised concerns with food regulatory bodies owing to their
potential to inhibit iodine uptake or to cause acute methaemoglobin [6]. These concerns
has resulted in the EU mandating a reduction in the allowable maximum residue levels for
chlorates and perchlorates [7,8] in foods and beverages to such an extent that production
practices throughout entire production chains are likely to be affected [9].

As regulatory interest in biocide use has increased, interest has also increased in
understanding consumers’ perceptions about their use in food or beverage processing
facilities, because consumer attitudes are known to play an important role in influencing
policy making and product demand [10].

To determine what information existed on consumer perceptions of biocide use in food
production and the drivers for those perceptions, a review of the literature was conducted,
with the research questions that underpinned the review being:

(a) How aware are consumers about biocide usage in the food industry?
(b) Do consumers link health impacts with the presence of biocide residue in food prod-

ucts, especially dairy products?
(c) Do concerns about biocide residue in food (dairy) products influence consumers’

willingness to pay?

The databases searched were Web of Science Core Collection and Scopus. Keywords
used in the review included biocide, disinfect*, sanitis*, clean*, maintenance compounds,
hygiene, AND consum*, perception, acceptance, concern*, AND food, beverage, dairy, water.

Other than a few articles assessing water quality that focused on the taste associated
with water disinfection, which were deemed out of scope given there was little or no
mention of risk or risk perception, only three relevant articles were found. The first
of these was a study exploring 739 women’s knowledge of water sources and sewage
treatment in Mérida, Mexico, and the effect of environmental awareness on perceived
environmental and health risks related to household cleaning products [11]. The paper
reported that the woman surveyed were unaware of the city’s water management system.
Further, there was a positive and statistically significant association between risk perception
and environmental awareness, education level, and employment status. The authors
recommended the development of education and risk communication strategies to inform
residents of the health and environmental risks associated with cleaning agents.

The second study examined a change in water consumption and its potential influential
factors in Shanghai [12]. This study surveyed 416 residents in Shanghai and results revealed
that there was a strong correlation between health belief (status) and drinking water choice.
Age, personal income, education, housing condition, and risk perception also impacted
on choice. Drinking water-related diarrhoea was found to be associated with all types of
water, and improper water hygiene behaviours occurred. Interestingly, 52 % of respondents
though that tap water was the safest choice, with only 13% reporting bottled water as
being the safest. The following two questions were asked in the survey: Do you know the
reason why we need to chlorinate our water? and Have you ever heard of disinfection
by-products? However, the answers to these questions were not reported. The authors
concluded that the administrative department (sic) should provide related health education
to safeguard public health in accordance with various drinking water choices.

The third relevant study was a community-based exploratory study in Newfoundland,
Canada, where 100 households across 45 communities in Newfoundland were surveyed to
examine their perceptions of drinking water quality [13]. The public water quality reports
on the water from the same communities over a 23-year period were also obtained. Older,
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better educated, and higher-income respondents were more satisfied with water quality
than the younger, less educated, and lower-income group respondents. There was no
association between the level of satisfaction and the actual quality of the water. The presence
of disinfection by-products (DBPs) was the most important water quality (contaminant)
issue. The authors postulated that regular media coverage on water chlorination may
have impacted on the public’s perception of water chlorination and its threat to health,
despite the provincial government clearly stating that the benefits of water chlorination and
the health risks from micro-organisms far outweighed the risks from DBPs. The authors
stated “Probably, the government message has failed to reach the community and therefore
cancer has emerged as the most important perceived health risk”. The authors concluded
that there is an existing disconnect between public perception of drinking water quality
and actual quality, and that a means needs to be developed to reach out to communities
and disseminate the information on water quality in a more user-friendly way. Simply
uploading reports in websites may not suffice to educate people.

In summary, no articles to date have specifically focused on consumers’ perceptions of
sanitiser use in food or beverage processing plants. Given the paucity of extant information
on the topic, it made sense to conduct primary research to better understand consumer
perceptions of biocide usage.

In the wider consumer behaviour literature, there is evidence that shows that infor-
mation available to consumers can have a significant effect on their purchase decision
making [14–16], with more specific research conducted through delivering information by
product labels. For example, consumers in Des Moines and Harrisburg, USA, were willing
to pay more for intragenic labels with enhanced nutrition, compared with conventional
plain labels [17]. However, a range of studies have indicated that consumers have limited
understanding of some of the information presented on food or beverage labels [18,19].
Thus, the current study aims to explore consumers’ preferences in terms of beverage la-
bels containing biocide-related information in order to better understand how to initiate
conversations with consumers on the use of biocides in food or beverage processing.

Consumers from either New Zealand or China were selected for this study as a
comparison between western and eastern society perceptions. From the literature, there is a
significant public concern about food safety in China [20,21]. Historically, the Chinese food
industry has suffered from numerous highly publicised scandals, including the presence of
melamine in milk-based foods produced in China in 2008 and 2010, and the avian influenza
A (H7N9) (poultry) outbreak in 2013 [22]. In several instances, the social behaviour in China
in relation to food safety issues has even exhibited the features of collective panic, which are
characterised as emergent collective phenomena that are wholly or mostly unorganised [20].
One remarkable case was that after the melamine in milk incident in 2008, milk demand
over the subsequent decade was mostly met by imports [23].

Therefore, the current study focuses on two key questions:

• Firstly, what is consumers’ current knowledge about, and what are their most trust-
worthy information sources for, the use of biocides in the production and processing
of food or beverages?

• Secondly, can information be delivered through packaging labels to positively influ-
ence consumers’ attitudes towards the use of biocides?

2. Materials and Methods

Focus group sessions were conducted in NZ (Auckland, n = 2, Dunedin, n = 2) and
China (Suzhou, n = 4), allowing for cross-cultural differences in consumer perceptions
to be examined. Importantly, given the well-documented mistrust of the Chinese locally
produced dairy beverages [24,25], and the obvious advantage to the NZ dairy industry in
understanding consumer perceptions in this key export market, the decision was made to
ask Chinese participants to answer all questions about purchases for imported foods from
developed countries, such as US, Germany, Australia, and NZ, but not from China.
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This project was approved by the University’s Human Ethics Committee (project
number 18/025).

2.1. Design of the Moderator Guide

Focus groups are particularly useful when trying to understand consumers’ percep-
tions and feelings about a particular issue, product, service, or idea [26,27] and generate
a rich understanding of participants’ experiences and beliefs [28,29]. For example, focus
groups are widely applied in food industry to explore consumers’ label preferences [29–31].
In addition, focus groups are especially useful to combine with methodologies such as
choice experiment [31,32] and sensory tests [32,33], to explore a topic, or collect group
languages or narratives.

Thus, the focus group moderator’s guide was separated into two parts (Figure 1). In
the first part, the moderator asked participants to briefly state what knowledge they had
of biocide use in the beverage industry. The moderator then defined what a biocide was
(Figure A1 of Attachment), and participants discussed where they would potentially go to
get information about biocides. The second part aimed to outline participants’ preference
for labels presenting information relevant to the use of biocides during food or beverage
processing. Participants were asked to make a series of choices between two products
displayed on a slide (an example can be found in Figure A2 of Attachments), which were
equal in all attributes, except the label information. The products were two cartons of UHT
(ultra-high temperature processing) milk which were identical except for the addition of a
sticker outlining some additional information.
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2.2. Participants

Only people aged over 18 and who did NOT work in the food industry or had not
studied food-related subjects were selected for this study. The aim of the sampling strategy
was to match samples in NZ and China as closely as possible. Given the interest in Chinese
consumers that have the ability to purchase imported beverages, the decision was made to
set a preferential income criterion at an above average salary level. Moreover, given that
past literature has shown that people with children living at home are more concerned
about food safety-related risks, parents with children at home were purposefully included
in the study where possible. Therefore, participants who met the following requirements
were preferentially selected:

• People aged between 30 and 60;
• People who have a combined household income greater than the average (NZD 104,000

annually in NZ [34], CNY 15,000 monthly in China) 1;
• Parents who have at least one child living with them at home.
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In total, 37 participants were recruited for the study in NZ and 30 were recruited in
China. More female than male participants were recruited (approx. rate in NZ, F/M ≈ 3/2;
approx. rate in China, F/M ≈ 5:1). The gender split was considered to be acceptable.

2.3. Conduct of Focus Group Sessions

Focus group sessions in NZ were conducted in English by a researcher from the
University of Otago and moderated by another research team member. Focus group
discussions were then transcribed into text for further analysis.

Focus group sessions in China were conducted in Chinese by the research team from
the collaborating institute, Xi’an Jiaotong-Liverpool University. All translated documents
were proofread and verified for accuracy by two Chinese postgraduate students studying at
the University of Otago who are native speakers of Mandarin and had been living in New
Zealand for more than two years. To ensure consistency of these cross-cultural sessions, a
Chinese-speaking researcher from the University of Otago joined in the sessions in China
using the conferencing software Zoom. Focus group discussions were then transcribed into
text in Chinese and translated into English for further analysis.

The sessions were piloted with a group of students in both NZ and in China, and the
moderator guide was modified accordingly before starting the actual focus group sessions.

3. Results
3.1. Consumers’ Knowledge and Trustworthy Information Source
3.1.1. Consumers’ Knowledge about Using Biocides

The vast majority (60/67) of participants indicated that they had never considered
biocide use in the beverage industry. Participants, both from NZ and China, had no clear
understanding of what types of biocides beverage plants would use for cleaning and
sanitising, as the following quotes explained: “I know that they do clean, but what cleaning
agents? (do) Not really (know), to be very honest.” (NZFG2, M); “The simplest point of view may
be using high temperature sterilization, and I never think about any chemical stuff.” (CHFG1, F).

Where there was some knowledge about biocide use, it was obtained from several
sources, including:

• Friends in the industry—four participants from NZ and one from China mentioned
they had friends who worked in the industry and their friends had shared some
working experiences;

• Factory tour—one participant from NZ had obtained some knowledge when he
attended a tour of a dairy plant;

• TV programmes—one participant from NZ and one from China mentioned learning
relevant information from a TV programme.

3.1.2. NZ Consumers’ Information Source about Using Biocides

NZ participants considered the best way to find information regarding the benefits or
risks of using biocides to be internet searching, as illustrated by the following quote—“Just
Google and go through different websites, isn’t that where everyone looks?” (NZFG1, F). Online
searching was considered to be able to provide multiple information sources such as:

• Government-related information—websites or regulations;
• Manufacturer-related information—websites;
• Educational institution-related information—academic paper or reports;
• Independent organisation-related information—reports.

Few participants mentioned the TV or suggestions from friends/families as sources of
information. However, for NZ participants, there was no clear preference for information
sources. It was considered that when searching online, information from multiple sources
is obtained, so that “you believe what you want to believe . . . ” (NZFG4, F). Therefore, typically
participants indicated that they would look at a variety of sources—“I will just search things
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out, do peer review, look at a range of sources, read papers on that and then make my own mind up
about it.” (NZFG4, F).

For NZ participants, the most trustworthy information source was considered to
be government-related information, followed by independent organisation-related and
educational institution-related information. Information issued from manufacturers was
considered the least credible, but did receive some support.

3.1.3. Chinese Consumers’ Information Source about Using Biocides

In China, the information sources participants would use to find information regarding
the benefits or risks of using biocides included:

• Government-related information—TV, newspaper, We-Media (such as the public
account of official organisations in Weibo or WeChat), websites or regulations;

• Educational institution-related information—academic paper or reports;
• Independent organisation-related information—reports;
• Friends or professionals.

Most Chinese participants considered government-related information to be the most
trustworthy. CCTV (China Central Television) and other governmental TV channels also
had high credibility among participants, and academic papers or reports were also believed
to be reliable. Since WeChat is a very popular social media channel in China, the moderator
asked participants their opinions of information diffused through WeChat. It was inter-
esting to note that information on WeChat was not considered to be reliable, as explained
by the quote—“I trust information from authoritative media, such as CCTV news. I don’t trust
information on WeChat which lacks scientific basis.” (CNFG3, Role 3).

3.2. Label Preferences
3.2.1. “Biocide Used in Production” vs. “Sanitised Production”

In a second exercise, participants were asked to choose between two cartons of UHT
milk which were identical except for the addition of a sticker on one of them which provided
some additional information. When participants were asked to choose from option A
labelling “Biocide used in production” and option B stating “Sanitised production”, most
participants in both NZ (73 %) and China (80%) indicated that they would choose option B
over option A. According to participants, there were two reasons for their choice:

• ‘Biocide’ was perceived as being a negative word: “Because biocide sounds like something
bad like a pesticide of something to me. Sanitised sounds clean.” (NZFG2, F);

• ‘Biocide’ was also an unfamiliar word: “People tend to go for what they know, until today I
wouldn’t have known what biocides is.” (NZFG 4, F)

3.2.2. Consumers’ Label Preferences When Stating Biocide Use

In a further trial, participants were asked to choose between two cartons of UHT milk,
and this time, in all cases, Option A was a normal carton of milk and option B contained
the label with the additional information (“biocide used in production”, “environmentally
friendly biocide used in production”, or “safety assured by the use of a rigorous cleaning
and sanitising program”).

Very few NZ participants (8%) selected the milk cartoon containing the label “biocide
used in production (Figure 2), as ‘biocide use’ was perceived to hold negative connotations.
For example, participants mentioned “Anything with ‘cide’ isn’t good. It is a negative connota-
tion to it.” (NZFG4, F), and also that “If there is something on the label, you kind of think that it
is there as it is a concern” (NZFG2, F). Another reason given for selecting the milk cartoon
which did not mention information about biocide was that NZers felt that they did not
need too much information, since the safety of dairy products was high—“I don’t need a
label to tell me the beverage is safe. I trust the brand. I have never got sick from drinking milk in
NZ, the whole system is trustworthy. NZ-made makes a difference. Wouldn’t necessarily mean a
brand.” (NZFG1, M).
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Surprisingly when the label read “environmentally friendly biocide used in produc-
tion”, 57% of NZ participants selected it over the cartoon without any additional label. In
addition, participants in NZ had no clear preference for the label regarding “Safety assured
by the use of a rigorous cleaning and sanitising programme”.
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Figure 2. Participants’ label preferences when products’ production processes involve the use
of biocides.

In contrast with the NZ participants, slightly more than half (57%) of the Chinese
participants indicated that they would choose the label stating “biocides used in production”
(Figure 2), as one participant explained: “ . . . I have to choose product B. Because biocide
usage has been indicated on the label of this product. This label information helps me know its
production process more.” (CNFG4, Role 1). However, 43% of participants rejected the biocide
label, because they trusted products sold in the supermarket and did not like unfamiliar
information mentioned on the label—“ . . . Let’s assume that biocide is wholly a new concept to
us. When I see “biocide used” on the label, I will think this may be a specific sterilization product and
I will search information about its benefit and risk in Baidu. Actually this is quite troublesome for
me to spend time searching information for a product. Finally, I will not buy product B.” (CNFG3,
Role 7).

As was reported for NZ, Chinese participants’ acceptance of biocide use improved
significantly if “environmentally friendly biocide” was mentioned on the label. In com-
parison to NZ, interestingly all participants in China preferred the label stating “safety
assured by the use of a rigorous cleaning and sanitising programme”, as the following
quotes explain: “Label information on product B makes us feel that this product is safe.” (CNFG4,
Role 3), and “I choose B. This labelled information sounds more believable, because of the word on
the label—rigorous.” (CNFG3, Role 1).

3.2.3. Consumers’ Label Preferences When Not Directly Mentioning Biocide Use

In the third trial, participants were asked to choose between two cartons of UHT milk
which were identical except for the addition of a sticker on one of them which provided
some additional information, which this time was “biocide free”, “biocide residue free”, or
“biocides not used in production”.

NZ participants appeared to have no clear label preferences when the product was
stated as not containing biocide (residues), as showed in Figure 3. Participants showed
their confidence about beverage safety in NZ, for example one participant explained: “I do
not care if its biocide free or not... I am fairly confident if it’s in the store, it would not make you
sick ...” (NZFG1, F), and another one said “Unless there is a national news event, someone’s got
really sick because of it. Without a heightened awareness, I won’t care...” (NZFG4, F).
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Figure 3. Participants’ label preferences when biocide use is not directly mentioned on the label.

Chinese participants only slightly preferred the “biocide free” label (53%) or the
“biocide not used in production” (67%) label (Figure 3), as some participants understood
the importance of biocides being used in the production process—“I choose A. As far as I
know, biocides must be used in milk products. Label of product A indicated nothing about biocides.
But I tend to think that biocides have already been used to remove bacteria of product A. Label
on product B indicated “biocide free”, it is quite weird for me to see this label.” (CNFG2, Role 7).
Interestingly, Chinese participants (90%) preferred the label containing the wording “free”,
as stated by the following quote: “When we choose milk product, “free” on label of one product
will leave favourable impression on consumers. Consumers tend to believe this product is quite safe.”
(CNFG3, Role 2).

4. Discussion

Despite the fact that biocides, in the form of sanitisers and cleaners, are used exten-
sively in food and beverage processing, generally, consumers in both NZ and China had
not previously thought about their use and did not have a clear understanding about what
types of biocides processing plants would use. This result revealed the lack of consumer
perception on this topic. When promoted to think about biocide use, a number of par-
ticipants expressed initial concern. Generally, NZ participants did not like the wording
“biocide” mentioned on labels due to its negative connotation related to chemical residues.
For example, although Chinese consumers tended to read detailed labels that described
the production process, compared with the label stating “safety assured by the use of a
rigorous cleaning and sanitising programme”, the acceptance of labels mentioning biocide
was still much lower. This reflected an existing scientific consensus in the psychological
field—positive-negative asymmetry, which can be explained as negative messages being
easier to receive and remember than positive ones [35,36]. Since “biocide” was perceived as
a negative word, regardless of how little people knew about biocide use, most consumers
instinctively felt repulsed. Thus, it is suggested that food companies should look at ex-
plaining the positive connections between biocide use and food safety. In the meantime,
governmental authorities could look to play a role of communicating information about
the importance of biocide use to consumers if public and regulatory scrutiny increases.

One surprising exception was that the preference for labels not mentioning the biocides
was that the label stating “environmentally friendly biocide” gained higher acceptance
than no mention of biocide at all. Several studies have examined the positive influence of
consumers’ perceptions regarding a series of products or services (e.g., food, clothes, luxury
hotel, etc.) by communicating environmentally friendly messages. For example, a recent
focus group study in Spain reported the positive attitude shown by consumers to products
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containing labels reporting sustainability attributes [37]. In a questionnaire involving
343 college students in the US, it was shown that respondents formed positive attitudes to-
ward an apparel brand when the advertising message contained explicit information about
environmentally friendly products [38]. Research conducted in 2020 by Sahin, Baloglu and
Topcuoglu suggested that luxury hotels could increase the effectiveness of their advertising
strategies by mentioning their green certification [39]. Providing environmentally friendly
messages allows consumers to take into account environmental and ethical considerations
when making purchase choices. Producers can leverage this finding by communicating
risks to the public with environmentally friendly messages.

Since the age range of the respondents was from 30–60, it means that participants fall
into the two generation groups—Generation X, with birth dates ranging from 1961–1981 [40],
and Generation Y, also referred as Millenniums or Millennials, who were born between
1980–2000 [41]. Although consumers’ sustainable consumption has developed gradu-
ally over the last two decades [42,43], it is interesting to note that multigroup analysis
revealed the impact of corporate environmental responsibility on customer loyalty is sig-
nificantly higher within Generation Y compared with Generation X [44]. This may lead
dairy companies to tailor their information channel to better communicate biocide use
and environmental efforts with Generation Y, which is considered as the most influential
consumer group in the world [41]. For example, as millennials are technology-oriented
and highly exposed to social influence, they tend to attach more importance to environ-
mental messages that are communicated within their social networks [41,45], companies
are advised to communicate their sustainability initiatives through social media, e.g., posts
and blogs, to encourage consumers’ engagement of understanding the benefits of using
biocides, especially environmentally friendly ones, in beverage production.

Generally, beverages, especially dairy beverages, and their production processes were
perceived as having high credibility in developed countries. It is commonly known that
NZ has a good reputation for its food and beverages and production systems. Chinese
consumers generally consider NZ as having strict food and beverage standards and gov-
ernment supervision, and were willing to pay a premium to buy UHT milk from NZ
compared to Australia, Germany, and France [46]. In contrast, Chinese participants showed
less confidence with China’s regulations than those in developed counties. This is not
surprising, given that Chinese consumers tend to be sensitive about any risks that may
exist in their food systems due to several well-documented food scares [18,22]. In several
instances, social behaviour in China in relation to food safety issues has even exhibited the
features of collective panic, which are characterised as emergent collective phenomena that
are wholly or mostly unorganised [20]. Therefore, in line with previous research, when
talking about label preferences in the current study, wordings such as “free” or “rigorous”
were perceived positively by Chinese consumers.

5. Conclusions

In summary, due to a lack of awareness and understanding about how food or bever-
ages are processed, consumers generally do not think about biocide use. When prompted to
do so, generally, participants did not like the wording “biocide” mentioned on labels due to
its negative connotation to a chemical residue. However, if biocide use comes under public
scrutiny and therefore needs to be addressed by the beverage industry, companies will be
forced to respond. In this case, compared with directly stating biocide use, participants
showed better acceptance if the wording “environmentally friendly” was communicated at
the same time.

Consumers from both countries trusted regulatory agencies to provide information
about biocides, and the fact that there are, for many sanitisers and disinfectants, no govern-
ment regulatory maximum residue standards could be problematic for consumers. Unless
acted upon, the current void in information about allowable residues in beverages, risks
being filled by misinformation on social media by consumers and particular interest groups
with specific agendas. In addition, educational institution-related information and inde-
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pendent organisation-related information were also perceived as reliable by participants in
both countries.

Although NZ dairy products are thought to be highly credible by both NZ and
Chinese consumers, given the probability that biocide use could be picked up in markets
as a concern, companies would be wise to further investigate further how best to portray
biocide use in a favourable light in their key markets.

6. Limitations and Future Research

Through investigating consumers’ knowledge and label preferences regarding biocide
use in the beverage industry, this study provides a first attempt to explore consumers’
perceptions in this area.

Our review of the literature revealed that there were no articles which specifically
focused on consumers’ perceptions of biocide use in food or beverage processing plants.
However, while the scope of this literature was focused purely on consumers’ perceptions
pertaining to biocide use, there is of course relevant indirect informative literature on
related topics, such as consumers’ subjective risk judgments for a range of food safety
hazards. This may include, but is not limited to, topic areas such as perceived risks from
pesticides, pathogens, natural toxins, etc. A wider review of such literature might reveal
preferences, for example, of consumers’ willingness to pay for fresh produce that is certified
as free of pesticide residues. Results gleaned from literatures such as these could potentially
be of value and a future review of consumers more general risk perceptions relating to food
or beverage processing is therefore recommended.

Given that the obvious benefits of using biocides conflict with the fact that their use
is perceived as a potential risk by consumers, it is going to be critical for regulators and
industry stakeholders to find effective ways to educate consumers on why biocide use
is important to ensure food safety. As such, evidence-based research that can underpin
the design of successful risk communication initiatives would be worthwhile. As an
example, future work could build on this study by employing Kahneman and Tversky’s
prospect theory [47] to further explore the framing effect in more detail. Researchers
could compare how information about biocide use is received by consumers when it is
presented in a range of different framing scenarios (e.g., ‘risk choice’, ‘attribute’, or ‘goal
orientated’). While the qualitative nature of this study enables an in-depth understanding
of consumers’ perceptions to be obtained, owing to the small sample size, these perceptions
may not necessarily reflect all of the perceptions of the entire population of interest. In
order to further investigate consumers’ preferences and willingness to pay for products
with specific attributes and to provide more generalizable data, future research should be
conducted using quantitative approaches applicable for larger sample sizes such as surveys
or questionnaires. Additionally, it is worth investigating behavioural biometric approaches
such as eye-tracking technologies, the measurement of skin-conductance and heart rate
and the use of facial emotion-recognition software, which could be used to gain a better
understanding of consumer’s subconscious behaviour in relation to biocide use when
faced with apparently “real-life” food-related decision making. By better understanding
emotional reactions that are not affected by higher cognitive processes, for example, these
experimental approaches would enable researchers to advise those educating consumers
on biocide use on how to increase the effectiveness of their communications.

In summary, companies would be wise to further investigate further how best to
portray biocide use in a favourable light in their key markets. This includes obtaining
an understanding of not just what to say, but also how best to frame this message and
also what channels to use to communicate this information to ensure it is perceived as
being credible.
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