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ABSTRACT

Dimethyl dicarbonate (DMDC) can be used to reduce 
microbiological levels in juice. The United States does 
not require mandatory labeling of juice with DMDC. Food 
processors who value transparency need to communicate 
their processing methods without raising concerns about 
chemical use. This study used focus groups to identify 
consumer responses to and preferred communication 
approaches about the use of DMDC in juice. Orange 
juice consumers who were the household’s primary food 
purchasers and were not employed in the food industry 
were recruited. Participants (N = 58) were asked 
their sources of food safety information, responses to 
label statements, and preferences for communicating 
about processing methods. Most participants obtained 
information on health and safety via the internet. The 
majority preferred the flavor of fresh-squeezed juice. 
Some mentioned they avoided processed foods. “No added 
chemicals,” “no added sugar,” and “all natural” were the 
most important labeling terms when they purchased 
juice, whereas “pasteurized” ranked the lowest. Though 

the participants’ initial response to DMDC was negative, 
most were willing to try DMDC-treated juice after they 
received information. Some responded that labeling was 
unnecessary, but others believed strongly that consumers 
had the right to be informed. A label statement and web 
link were recommended to address the knowledge gap.

INTRODUCTION
Consumers value the flavor of fresh-squeezed juice. 

Whereas conventional thermal pasteurization enhances 
food safety, the process alters many sensory properties 
of fruit juice valued by consumers (23). However, 
because unpasteurized fruit juice can be contaminated 
with pathogenic bacteria, it poses a food safety risk to 
consumers. Over the past two decades, multiple foodborne 
Escherichia coli and Salmonella outbreaks have been linked 
to unpasteurized juice (28, 29). The U.S. Food and Drug 
Administration (FDA) allows unpasteurized juice to be 
produced and sold on-site at some grocery stores, health food 
stores, cider mills, farmers’ markets, and juice bars (36). In 
the case of larger producers, the FDA hazard analysis critical 
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control point regulations for juice stipulate a processing 
approach that achieves a minimum 5-log pathogen 
reduction (34).

Dimethyl dicarbonate (DMDC) performs a broad range 
of antimicrobial actions against pathogenic bacteria and is 
a common preservative in cold-sterilized soft drinks (9). 
When added to fruit juice, DMDC breaks down rapidly 
into methanol and carbon dioxide. The use of DMDC 
in beverages is approved by regulatory bodies, including 
the FDA, the European Food Safety Authority, and the 
Australian and New Zealand food safety agencies (2, 5, 35). 
In the United States, DMDC can be used as a yeast inhibitor, 
and its use must be declared on the label of carbonated, 
diluted beverages containing juice, fruit flavor, or both, 
with juice content not exceeding 50% (32). After a review 
of studies of DMDC’s effect on various yeast strains and on 
E. coli O157:H7 in several noncarbonated juice beverages, 
the FDA determined that DMDC is effective in microbial 
control for beverages’ final packaging where the viable 
microorganism load has been reduced to 500 microorganisms 
per mL or less by current technologies (33). However, the 
regulations do not specify that labeling is required when 
DMDC is used as a microbial control agent in noncarbonated 
juice beverages containing up to and including 100% juice 
(33). Previous studies mentioned that DMDC does not have 
to be declared on the label because it hydrolyzes into carbon 
dioxide and trace amounts of methanol (1).

Increasingly, consumers want to understand how their 
food is grown and processed (8). Nielsen’s annual global 
sustainability survey reported that 46% of Americans agreed 
that food labeling impacts their purchase decisions (22). 
Such food labels and other information sources can provide 
information on how a product is sourced and treated. One-
third of American consumers consider brand transparency 
an important factor when purchasing food products (46). 
Transparent food supply procedures could potentially 
increase consumer willingness to buy and their perception of 
product quality (25). Clean label claims, especially organic 
claims, are key areas of activity in new food and beverage 
product development. From October 2017 to September 
2018, organic claims were made in over 21% of all U.S. soft 
drink launches (40).

Despite these trends, consumers can misinterpret certain 
food labels and food processing technologies. More than half 
of consumers reported in a survey the belief that products 
labeled “all natural” are healthier than those without this 
label, even when the two products bear the same nutrition 
facts panel (11). Syrengelas et al. reported that people are 
more willing to buy and pay more for products labeled 
“natural”; however, when informed that the word “natural” 
on meat products meant it was minimally processed, 
consumers’ willingness to pay a premium for the product 
dropped to zero (30). Without knowing the benefits of a 
food processing technology, such as irradiation, and how it 

works, consumers may perceive more risks than benefits from 
the technology (6). Thus, before food companies adopt new 
processing technologies, they should develop a strategy to 
effectively communicate with consumers by understanding 
consumer perceptions of the process and their responses to 
labeling terms.

A focus group study utilizes a carefully planned discussion 
session in a permissive and nonthreatening environment 
to gather perceptions about a defined area of interest (14). 
This approach has been deployed to examine consumers’ 
perceptions and food safety behaviors (10, 43). As a 
qualitative research approach, focus group interviews 
offer insight into these questions and allow researchers 
to study groups of people who possess characteristics 
critical to the research question. Through directed group 
discussion, participants provide qualitative data, and group 
communication allows insight into respondents’ attitudes, 
feelings, beliefs, experiences, and reactions to the topic of 
interest. The researcher can also obtain direct quotations 
that capture a respondent’s feelings. Focus groups should be 
continued until no new information is revealed. Krueger and 
Casey (14) indicate that three to six focus groups, with eight 
to 12 participants per group, are often sufficient to reveal a 
full range of responses to an issue.

A focus group study can shed light on a potential dilemma 
for fruit juice companies: though they may wish to utilize 
DMDC to enhance food safety, it is unclear what impact a 
declaration to consumers about the processing aid may have 
on their perceptions. If a company fails to disclose DMDC 
usage, and the public later learns about the practice, the 
company may be perceived as failing to be forthright about 
their process. Therefore, consumer research can help identify 
consumer priorities, their responses to information, and their 
preferred communication approaches. This study uses focus 
group research to explore consumer responses to the use of 
DMDC in commercially packaged fresh-squeezed orange 
juice, responses to different labeling terms, and preferences 
for methods of communicating the safety and benefits of 
DMDC usage.

MATERIALS AND METHODS
The authors conducted an internet search on the term 

“DMDC” and “dimethyl dicarbonate” in 2016 to review lay 
public literature about DMDC. The findings were then used 
to describe DMDC to focus group participants.

Men and women who were responsible for purchasing at 
least half of the household’s groceries and who purchased 
fresh-squeezed orange juice were recruited through a 
national marketing research company (Opinions Inc., St. 
Louis, MO) and from an upper-division consumer research 
methods course at Sacramento State University. The study 
was conducted in 2017. Age and ethnic diversity were 
considered, but target numbers were not specified due to 
the small sample size. A research protocol specified by the 
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institutional review board at the University of California, 
Davis, was followed.

Focus group participants were first asked about where 
they obtained information about healthy eating, whom they 
trusted, and how they responded to conflicting food safety 
information. Next, the discussion shifted to criteria related to 
the selection of orange juice. Their interest in label terms was 
explored by asking participants to rank the importance of “all 
natural,” “no added chemicals,” “organic,” “no added sugar,” 
“fresh-squeezed,” and “pasteurized,” on a numbered scale from 
1 to 5, with 1 meaning most important, and 5 meaning least 
important. Next, participants were asked about their preference 
for and experiences with fresh-squeezed juice. People were then 
asked whether they noticed whether the juice they purchased 
was pasteurized and what pasteurization meant to them. The 
safety benefit of pasteurization was affirmed, and the effect of 
pasteurization on flavor was acknowledged.

Next, an alternative treatment using the processing aid 
DMDC was described. Each participant was given a paper 
with the statements developed by the authors, and the 
statements were read aloud by the moderator or author. 
Participants were then asked for their reactions to DMDC 
usage, their interest in buying juice treated this way, and their 
comfort with the idea that mandatory juice labeling was not 
required. Participants discussed five statements proposed 
by the authors that a manufacturer might use in marketing 
material or on a label about juice treated with DMDC. 
Following the discussion, participants individually used a 
3-point scale to rate their response to each statement: 1 = 
like, 2 = okay, and 3 = don’t like. The moderator clarified that 
“okay” meant acceptable, whereas “like” indicated preference. 
These statements were as follows:

• DMDC used for long-lasting quality
• DMDC used to preserve fresh-squeezed flavor
• DMDC used for quality and safety
• DMDC used to maintain quality
• Read about how we make our juice at 

www.company-website.com 

Finally, participants were asked whether they would buy 
fresh-squeezed orange juice that had been treated with 
DMDC.

The focus groups were led by individual authors of this 
article, with one moderating and the other one taking notes. 
Sessions organized through the commercial firm were 
recorded and transcribed verbatim, whereas those conducted 
with college students were transcribed by the author not 
leading the discussion.

Quantitative data were analyzed using a post hoc Wilcoxon 
signed-rank test with a significance level of 0.0083, which was 
the Bonferroni correction of significance level 0.05 among 
six comparison groups. The authors used the transcripts 
to analyze the qualitative data. First, major themes were 

identified after reading the transcripts. After applying 
first-level codes to key phrases, the codes were grouped 
with overlapping meaning and co-occurrence into themes 
and subthemes. When reporting the qualitative findings, 
the authors followed guidelines from Krueger and Casey’s 
Focus Groups: A Practical Guide for Applied Research (14), 
which advised researchers to be cautious of  “numbers 
being misleading in focus group reports… Not everyone 
answers every question… We encourage the use of modifiers 
like no one, a few, some, many, most, or all to describe how 
many people talked about an issue in a particular way” 
(14). Previous studies reporting focus group findings also 
employed modifiers instead of percentages or other numerals 
(10, 43).

RESULTS
Information about DMDC

Some popular lay internet sources, like WebMD, do not 
contain information on dimethyl dicarbonate but link to 
other sources, such as Wikipedia and the United Kingdom 
Food Guide (37, 39). Most lay internet information about 
DMDC defines the compound and addresses its use in 
beverages as a preservative (39). Some sources summarize 
the European Commission’s evaluation of the compound’s 
safety and describe its use (5, 41). One source incorrectly 
states that DMDC is not approved for use in New Zealand 
and Australia (2). Another web source describes DMDC as 
highly toxic and recommends that it should be banned (42).

The authors developed the following statements about 
DMDC based on the review of the lay and scientific literature:

• Dimethyl dicarbonate (abbreviated DMDC) is a 
preservative used in juice beverages, sports drinks, ice 
teas, and flavored waters in very minute quantities to 
ensure that the drink quality and safety are maintained.

• DMDC eliminates spoilage yeast and harmful bacteria.
• When added to a liquid, like juice, DMDC breaks down 

immediately by forming methanol, a form of alcohol, 
and carbon dioxide gas. The amount of methanol formed 
is comparable to what is formed naturally in juice.

• The use of DMDC is strictly regulated. The amount that 
would be added to juice to maintain quality and safety is 
considered safe by the European Food Safety Authority 
as well as the U.S. Food and Drug Administration.

• Because it is added when the juice is squeezed and 
breaks down within minutes, juice with DMDC is not 
required to be labeled.

Consumer focus groups
Three focus groups were held with persons recruited 

through the consumer research group and three from the 
university research methods class. A total of 58 persons 
participated in the focus groups: 33 recruited from 
Sacramento State University and 25 recruited through 
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Opinions Inc. All participants met the selection criteria. The 
focus group size ranged from 8 to 14 participants. Most 
participants were women. Three men were among those 
recruited through Opinions Inc., and four men were among 
those recruited from Sacramento State. The college students 
were predominately in the 18 to 24 age range, whereas age 
was distributed widely among the Opinions Inc. consumers. 
Most of the Opinions Inc. group had completed at least 
some college. Their income ranged from less than $20,000 
a year to over $150,000 (Table 1). Except where specified, 
participants from the professionally recruited focus group 
and the student participants expressed similar views about 
each topic discussed.

Participant sources of information about healthy eating
The internet was by far the most common source of 

information about healthy eating. Most participants googled 
a term and read the results. Several participants described 
WebMD as reliable, and MyFitnessPal app (21) was also 
mentioned as a useful source of information. Some college 
students reported that they would write a note to their 

physician, or contact their fitness coach or personal trainer, 
if they had a food or healthy eating question. Both students 
and professionally recruited participants sourced information 
from food labels, magazines, and clerks at health food stores. 
Few sought information from government agencies, such 
as the FDA or the U.S. Dept. of Agriculture (USDA). No 
one mentioned searching food companies’ websites for 
information about food or health. Two participants from 
one of the professionally recruited focus groups regarded 
information from sources that promote the use of raw milk, 
Mother Earth News (20) and The Weston A. Price Foundation 
(38), as highly credible. Several participants said they favored 
minimally processed “organic” foods. Participants were 
skeptical of articles by marketing agencies. Most considered 
TV personalities to be paid advertisers and, therefore, did not 
trust statements from those personalities.

When asked how they would resolve conflicting informa-
tion, participants said they would check additional information 
sources to see whether the negative information was reported 
widely. Several also mentioned they would listen to their 
bodies: if they had been eating something all their life with-

TABLE 1. Demographic characteristics of participants in a study of consumer 
preferences related to labeling of processing aids in orange juice

Opinion Inc. consumers  
N = 25

College students  
N = 33

All participants  
N = 58

Age (yr)
 18–24 0 25 25
 25–34 6 5 11
 35–39 2 1 3
 40–44 1 0 1
 45–49 7 2 9
 50–54 2 0 2
 55–59 2 0 2
 60–64 5 0 5

Education
 High school 5 0 5
 Some college 13 33 46
 College graduate 7 0 7

Income per year (US$)
 < 20 thousand 1 15 16
 20–40 thousand 9 6 15
 40–60 thousand 7 5 12
 60–80 thousand 1 2 3
 80–100 thousand 3 1 4
 Over 100 thousand 4 4 8
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out ill effects, they would discount any negative information. 
Participants stated that good sensory characteristics of foods, 
previous experience with foods, and a low price might also lead 
them to ignore negative information.

Factors influencing the selection of orange juice
Participants expressed individual preferences for different 

types of orange juice: no pulp, with pulp, added calcium, low 
acid, low or no added sugar. Some specifically mentioned juice 
brands they believed to be fresh-squeezed; however, others 
were unsure whether the orange juice they purchased was 
fresh-squeezed. Participants knew the juice at a restaurant or 
supermarket was fresh-squeezed if they saw oranges and a juicer 
machine. Those participants who had their own orange tree 
squeezed them for juice. All liked the taste of fresh-squeezed 
juice, although some complained it was too acidic sometimes. 
Juice shelf life was irrelevant to most people because the juice 
was consumed quickly.

Participants ranked the importance of six label statements 
individually in making their decision to purchase orange juice: 
“no chemical added” was ranked significantly more important 
than “fresh-squeezed,” and “fresh-squeezed” was ranked 
significantly more important than “pasteurized.” There was no 
significant difference between the student participant group and 
the professionally recruited consumer participant group with a 
Kruskal–Wallis independent sample test, P < 0.05 (Table 2).

Some participants grappled with the term “fresh.” Some 
suggested that “fresh-squeezed” meant the juice was squeezed 
within a day of being purchased, or within the last 24 h. Par-
ticipants then wondered aloud and discussed how the juice 
could be in a sealed container if it had just been squeezed. 
Most participants believed that “fresh” referred to the dis-
tinctive taste of the juice rather than to the precise number of 
hours since the juice had been squeezed.

Understanding of pasteurization
All but one participant believed that all juice they 

purchased at the supermarket was likely to be pasteurized. 
Most, but not all, knew the function of pasteurization. A 
few indicated that their knowledge of pasteurization was 
limited. Some mistakenly believed that pasteurized meant 
that the product was sterile, that is, that all bacteria had been 
destroyed. All acknowledged that pasteurized juice tasted 
different than fresh-squeezed juice. The participant who used 
the Weston Price website drank raw milk and was skeptical 
about the benefits of pasteurization.

Reactions to DMDC
People reacted negatively to the words “dimethyl dicarbonate.” 

They had not heard the term before and viewed it as a chemical. 
They wanted to know what it did, how it was derived, the long-
term effects of consumption, and how long the chemical had 
been studied.

After hearing the description of DMDC, many did not 
understand how a chemical could break into two components 
and no longer be present in the juice when a consumer 
purchased it. Participants thought that if DMDC had been 
added, it must still be present in the juice. Some queried 
how much methanol was present in the juice and whether 
the amount was harmful. People wondered whether DMDC 
was used in other countries. Several were reassured by its 
approval in Europe. The fact that DMDC was already in 
tea, sports drinks, flavored water, and other products was 
reassuring. One woman said, “So we are already drinking it, 
and we are okay.”

People believed food companies wanted to use DMDC to 
avoid the cost of pasteurization. When they were reminded 
that the taste of fresh-squeezed juice and customer safety 
were the driving forces behind this approach, several 

TABLE 2. Participants’ mean ranking scores of the importance of each label term, in a study 
of consumer preferences related to labeling of processing aids in orange juicea

All participants  
N = 58

Student participants  
N = 33

Opinion Inc. participants  
N = 25

No chemical added 2.67A 2.76A 2.56A

No sugar added 2.95AB 2.97A 2.92AB

All natural 3.00ABC 3.12A 2.84AB

Freshly squeezed 3.78BC 3.67AB 3.92AB

Organic 3.90CD 3.64AB 4.24BC

Pasteurized 4.74D 4.88B 4.56C

Friedman test P-value P < 0.001 P < 0.001 P < 0.001
aScore of 1 is most important; 5 is least important. Within each column, means with the same letter are not significantly different.
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suggested that the juice should be labeled “tastes more like 
fresh.” Another said that “as good as pasteurized” should be 
added to the label.

Responses to labeling
Participants were divided regarding labeling practices. 

A minority believed that DMDC labeling was unnecessary 
because the chemical was no longer present and the FDA had 
ruled it safe. Moreover, the term could frighten consumers 
away from purchasing a healthy product. Statements capturing 
this attitude include the following:

I’m sure there are a lot of products that we’re eating and drinking, 
and we have no idea what’s in them. [Some products] are not labeled, 
and we still eat and drink them. So, it doesn’t bother me.

I recommend not to say anything. I think it just makes the public 
crazy, and it’s just one more thing for them to have to research.

If it’s FDA approved, then boom, it’s done. I don’t see a problem 
with that as a consumer.

The majority of participants believed strongly, however, 
that the consumer should be informed about how their food 
was processed. As a result of our discussion, they recognized 
that the words “contains DMDC” would be misleading 
because the chemical was no longer present; some suggested 
including “processed with DMDC to maintain quality and 
safety.” Participants noted that those concerned about food 
safety could then google DMDC to find out more about the 
chemical. Representative comments include the following:

It's my right to know what it's been processed with. You don't have to 
care, and you don't have to know, and that's your right if you want to 
pass that up, but I don’t want to pass that up, and I do want to know.

I don’t think they should have a long explanation, just like they 
don’t have a long explanation for “pasteurized.” If you want to know 
what that is, you’re going to have to look it up. But I think they should 
identify that that’s in there—or that has been used.

I think they should put it on because, you know, she (another 
participant) wants to know.

The water bottle says: “purified water enhanced with minerals for 
a pure, fresh taste.” There’s a way they could label it just like that.

One participant indicated that her child had a condition 
she believed to be caused by what he ate. Because she 
monitored her child’s food consumption closely, she would 
need to know how the juice was processed:

I just found out that my son has ADHD, and he got it because [of] 
a lot of the things that he eats. And, if this is something that's going 
to help—I mean, hurt or help the situation—I would rather know 
what it is than to give it to him. So, I would want to know.

Participants said the failure to acknowledge DMDC use 
would make the company appear to be hiding something 
from the public. In their view, the failure to communicate 
suggests a problem with the product:

If you have nothing to hide, put it out there. Tell me that that was 
your process. So like you said, one, it lets us know that it has a better 
nutrient level. Two, it tells you that it has a better taste level. Three, 
it’s protecting the label, the company, by doing the process.

One participant specifically sought out the juice that was 
pasteurized. She said that, although she would not consider 
fresh-squeezed juice a safe food choice, if she knew an 
alternative to pasteurization had been employed, she would 
consider selecting the juice. Identifying DMDC usage would 
then increase her likelihood of purchasing the juice:

TABLE 3. Participants’ mean rating score of label statements about using DMDC in 
freshly squeezed orange juice, in a study of consumer preferences related to 
labeling of processing aids in orange juicea

All participants N = 25

Web link 1.32A
Quality and safety 1.44A
Preserve fresh squeezed flavor 1.84AB
Maintain quality 1.96B
Long-lasting quality 2.24B
Friedman test P-value P < 0.001
a3-point scale: 1 = like, 2 = OK, 3 = don’t like. Within each column, means with the same letter are not significantly different.
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I do want to know [if DMDC is used]. If it’s not pasteurized and 
DMDC is not used, I’m not going to buy it. It’s not safe enough.

Potential methods and content of communications 
about DMDC

When asked how the food industry could communicate 
with consumers, participants mentioned commercials, 
Facebook, and food samplers, such as those who offer food 
samples at the supermarket. Advertisements and articles 
in food- and health-related magazines containing a brief 
description were also suggested. The extensive discussion 
focused on the content of the message and the value of a web 
link. Label statements containing information about a “web 
link” and “quality and safety” were preferred significantly 
more than “maintain quality” and “long-lasting quality” 
(Table 3). Several participants suggested that the statements 
could be combined to increase the effectiveness of messaging.

Whereas participants favored a web link for those who 
wanted more information, they suggested that the benefits 
of using DMDC and the safety evaluation of DMDC should 
be included. Some noted the likelihood of articles critical 
of DMDC, so they suggested that the company prepare the 
customer with science-based and validated information 
about its safety. Participants responded that they trusted 
the company more when it provided information without 
prompting. The following quotes capture this sentiment:

Use a website because people who are going to want to read it are 
going to read it. They’re going to read all the research. But you have 
to be wary because they’re going to find an article that says it’s bad, 
just as some say it’s good. So beat them to the punch by saying all the 
good stuff.

If you’re going to put it on there, let people know ahead of time. 
Tell the positives of why they’re doing it, it’s going to be great for you, 
and orange juice is going to last longer, your kids can enjoy it longer. 
And then at the same time maybe put it on the label. But if they’re 
not going to do a positive ad campaign, just don’t label it because it’s 
just going to make people panic.

DISCUSSION
Participant attitudes toward label terms in this study 

are comparable to those documented among consumers 
in general. “No chemical added” was ranked as the most 
important factor impacting a consumer’s purchasing 
decision. The International Food Information Council’s 2019 
consumer food survey reported that four of the top five food 
safety issues among U.S. consumers were concerns about 
cancer-causing chemicals in food, chemicals (in general) in 
food, pesticides, and food additives (11). The International 
Food Information Council’s survey also reported that 
label claims, such as “natural,” were the most impactful on 
purchasing decisions. Consumers perceived “natural” to 
mean “no preservatives,” whereas they perceived “chemical-
sounding preservatives” as “unnatural” (16). In this study, 

consumers perceived DMDC as an unfamiliar chemical used 
as a preservative, and they had a negative reaction to the 
words “dimethyl dicarbonate (DMDC).”

Similarly, participants in this study viewed “all natural” and 
“organic” positively. As mentioned in the introduction, when 
consumers were told that the USDA’s definition of the term 
“natural” is that the product is minimally processed, few were 
willing to pay a premium (30). Some consumers believed 
that food bearing “organic” labels was healthier, tasted better, 
and had environmental benefits (3, 15, 19, 26). Many studies 
reported little association between organic farming and those 
perceived benefits. Organic foods were not necessarily more 
nutritious (18), more sustainable (13), or better tasting 
(44). For example, a recent review article reported that there 
were limited differences in the composition of organic and 
conventional crops (18). A previous sensory study reported 
that consumer preference and consumer perceived sensory 
qualities were not significantly different between organically 
and conventionally grown vegetables (44). Knudsen and 
colleagues’ (13) life cycle analysis revealed that organic 
farming had a higher carbon footprint, which suggested that 
consumers’ perception of environmental benefits may not be 
supported. Nevertheless, the buying “organic” trend has led 
some consumers to believe that this method of production is 
the best for human and environmental health (12).

Participants considered “pasteurized” less important than 
the other statements provided, “no chemical added” and 
“fresh-squeezed.” This could be because pasteurization was 
taken for granted by participants. Alternatively, this ranking 
could reflect the attitudes of those who consider raw milk 
more healthy than pasteurized milk (4, 17). Two of the 
focus group participants held this view. On the other hand, 
some participants were aware of safety issues and would not 
purchase a juice without a pathogen kill-step. Our study’s 
findings suggested a continued need to alert the public to the 
importance of measures to enhance food safety.

The finding that consumers sought health information from 
various sources, like WebMD, My Fitness Pal, or food labels, 
was consistent with previous studies that reported the internet 
as a major source of health information (24, 45). Nearly 40% of 
young consumers (ages 18 to 30) obtained health information 
from an internet search engine, and a quarter relied on popular 
internet health websites, such as WebMD (24). This study indi-
cated that more science-based food safety and health informa-
tion should be developed for the internet. However, information 
about DMDC was not available through these sources.

When asked about their preferences regarding the de-
livery of information about DMDC, many reported that 
they wanted to find information on the juice company’s 
website. This suggests that food companies who plan 
to utilize DMDC or other ingredients or technologies 
unfamiliar to consumers should be prepared to meet 
consumer expectations and provide information about 
the processes.



Food Protection Trends    May/June312

The finding that some participants trust information from 
websites that promote raw milk was consistent with previous 
research findings that health information on the internet 
can be biased and lacking in scientific evidence (7). Future 
studies could focus on evaluating social media influencers’ 
impact on consumer perceptions of DMDC, other 
ingredients, processing aids, or new food technologies.

Participants’ belief that food companies would use DMDC 
to avoid the cost of pasteurization further emphasizes 
the need for companies to increase communication with 
consumers. The study’s participants did not realize that 
DMDC could enhance food safety without losing the taste of 
fresh-squeezed juice. Some participants wondered how fresh-
squeezed juice could be marketed in a sealed container. They 
were unaware that bacteria reduction meant the juice had a 
longer shelf life, even though they were less concerned about 
shelf life in general. They valued the unique flavor of freshly 
squeezed juice instead.

This study also found that participants wanted to learn about 
the benefits and safety of DMDC use. Some were reassured 
about DMDC use after learning that the chemical was ap-
proved in Europe. The importance of communicating benefits 
is consistent with a previous study that evaluated the effect of 
information on consumers’ intent to purchase irradiated foods 
(6). Information on the benefits of food irradiation was found to 
be more effective in increasing purchase intent than information 
about authorities’ approval of the process.

Some participants believed strongly in their right to know 
how their food had been processed. This is consistent with 
the widely reported quest for transparency and openness 
in the food industry. Most consumers (67%) want to know 
what goes into the food they buy (22). This phenomenon 
was also observed in other food transparency issues, like the 
application of genome editing in foods. Consumers want to 
engage in the application and regulation of genome editing 
of foods, even if they may hold different views about this 
technology (27). The craving for transparency may be related 
to decreased trust in food production and distribution. Some 
researchers proposed that consumers’ decreased proximity 
to farming and lack of knowledge about the processes 
contribute to this skepticism (8, 31).

Limitations
Although the study was carefully designed, there are 

limitations to focus group research, including small sample 
size and nonrandomized sample selection. Results from 
this study cannot be generalized to the entire consumer 

population; however, the findings do identify themes that can 
be quantified through further research.

CONCLUSIONS
Fruit juice companies have striven to maintain the unique 

flavor of fresh-squeezed juice while meeting the 5-log re-
duction requirement of the FDA. If company policy calls for 
openness and transparency and product quality is enhanced 
by using a processing aid with an unfamiliar chemical name, 
should the company disclose its use to their customers?

This question points to a dilemma for fruit juice 
companies: unfamiliar processing aids, such as DMDC, 
that can maintain flavor can also cause consumer anxiety. A 
company is well advised to initiate communication about the 
processing aid’s consumer benefits and its safety evaluation. 
Combining the two label phrases preferred by this study’s 
focus group participants would likely result in increased 
consumer acceptance. These phrases are “specially treated for 
quality and safety” and “read about how we make our juice at 
www.company-website.com.”

The company’s webpage could include information about 
how oranges are sourced, what procedures are followed to 
maintain quality and safety, and information on DMDC, such 
as that used in this focus group. Because those who like to 
search the web may well seek out other sites for confirmation, 
it would be helpful to include links on the webpage to sources 
that contain scientific information about DMDC. Wikilinks 
are used commonly by the general public. Although it is 
subject to rewriting, a wikilink is readable and correct at the 
time of this writing. The code of federal regulation may be 
referenced. It is not lay reader-friendly, but it is authoritative.

Our findings indicate that, although labeling is not 
required, some people are adamant about their right 
to be informed about how their food is processed. A 
label that indicated the juice was treated for quality and 
safety, combined with a web link, was received well by all 
participants. This approach could direct those who seek 
information on how the product was handled to a site 
explaining the benefits of the process, and it could be ignored 
by those who were uninterested. This study models an 
approach a food processor could use to communicate with 
consumers in a transparent manner.
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