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a b s t r a c t

New technologies in food processing can provide advantage s to consumers and producers but often the 
technologies are applied in different, country-specific regulatory climates. Modified atmosphere packag- 
ing extends the shelf life of fresh meat and, with the inclusion of carbon monoxide, stabilizes colour.
These packaging technologies can be used in the US and Europe, although a modified atmosphere package 
that includes carbon monoxide is allowed only in the US. This study applies choice experiments to ana- 
lyse preferences of US and German consumers towards the meat attributes enhanced by the packaging.
Results show that longer shelf life is preferred in the US as long as the technology is understandable. Con- 
sumers in both countries have clear preferences for cherry red meat colour . However, providing informa- 
tion on the use of carbon monoxide in the packaging decreases US consumers’ willingness to pay and 
increases some German consumers’ willingness to pay.

� 2013 Elsevier Ltd. All rights reserved.

Introductio n

In markets today, consumers demand meat products that are 
safe, promote good health, are of high quality and convenient to 
purchase and use. In this context, maintaining an attractive colour 
and long shelf life as indicators of meat being ‘‘fresh’’ and safe to 
eat is of primary importance. Colour is the first quality attribute 
consumers use to evaluate meat quality, and it plays a major role 
in influencing purchase decisions (Viana et al., 2005 ), even if the 
colour does not affect taste or shelf life (Sørheim et al., 2001;
Steenkamp, 1989 ).

Establishing and maintain ing an attractive cherry red colour 
during retail display is a challenge for meat processors and the re- 
tail industry. Several processing technologies are available to im- 
prove the stability of colour while at the same time extendin g
product shelf life. Modified atmosph ere packaging (MAP) is one 
technology used to both extend shelf life and stabilize colour for 
fresh foods. MAP refers to the replacemen t of air in the headspac e
of the packaging with a single gas or a mixture of gases including 
for example high oxygen (O2) levels, with at minimum 60% O2

(McMillin, 2008; Sørheim et al., 2001 ). Besides high oxygen atmo- 
sphere, another option to preserve meat colour is the use of carbon 

monoxide (CO) in concentratio ns between 0.3% and 0.5%. MAP 
with low concentratio ns of CO and high concentrations of carbon 
dioxide (CO2) has been shown to provide stable, bright red colour 
to beef and pork products (Viana et al., 2005 ). The colour can be 
stabilized up to a year. However , the use of carbon monoxide 
(CO) in MAP (CO-MAP) for food is controversial and this has led 
to differing regulatio ns and use across countries.

Of course, countries differ not only with respect to regulations 
but also with regard to consumers’ attitudes towards new technol- 
ogies and responses to information (e.g., Lusk and Fox, 2003; Lusk 
et al., 2004 ). A key question is whether the regulations as practiced 
are conform or at odds with consumer s’ preferences ? With respect 
to the use of CO-MAP the EU has banned the applicati on, despite an 
EC Health & Consumer Protection Directorate’s report that pointed 
out that no risk of harm to human health could be assumed for the 
use of the CO-MAP technology (EC, 2001 ). To the authors’ knowl- 
edge, at no point in time were consumer preferences taken into ac- 
count when banning the technology. In the United States, the use 
of CO in consumer-read y fresh meat packagin g (as CO-MAP) was 
approved by the U.S. Food and Drug Administr ation (FDA) in 
2002, but since then several companies have withdrawn products 
using the packaging from their shelves in response to consumer 
group pressure about the use of the packaging technology (FDA,
2002, 2004 ).1
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Although many studies exist on the technolo gical effects and 
characterist ics of MAP (e.g. Brooks et al., 2008; Cliffe-Byrnes 
and O’Beirne, 2005; Allende et al., 2004; Rocculi et al., 2004; Jayas 
and Jeyamkondan, 2002 ), there are only a few that address con- 
sumers’ acceptance of MAP and especially CO-MAP. Recent exam- 
ples of consumer acceptance studies include Van Wezemael et al.
(2011) who analysed acceptance of different packaging technolo- 
gies. Their findings for European consumers show that vacuum 
packaging is the most accepted packaging technology followed 
by MAP, while technolo gies including different kinds of additives 
are less accepted.2 Aaslyng et al. (2010) find that Scandinavian con- 
sumers prefer meat packag ed withou t oxygen. Including carbon 
monoxide (CO) in the packaging to maintain the red colour had 
no impact on the consumers’ preferen ces when choosing meat.

This study aims to extend the previous literature by adding di- 
rect measures of willingness to pay for certain meat product attri- 
butes, including not only the packaging technology but also the 
attributes of colour and shelf life. Within the limits of accepted 
economic experimental procedures, we provide a unique study 
design that allows an evaluation of whether consumers in differ- 
ent countries (Germany and USA) differ in their response to mod- 
ified atmosphere packagin g including carbon monoxide. Cross- 
country comparis ons of consumer responses to technologie s dee- 
pen our understa nding of consumer preferences with respect to 
packaging technolo gies and product attributes. Through use of 
non-hypotheti cal choice experiments , we are also able to assess 
whether German consumers would be willing to purchase the 
CO-MAP products, if they existed in the market. Also, we evaluate 
whether labelling of MAP and CO-MAP would change US con- 
sumer preferenc es (currently those products are not labelled in 
the US regarding the packaging technology).

The contribution of this paper is to assess consumer prefer- 
ences for different meat packaging methods when including vary- 
ing informat ion and labelling scenarios. Ground beef was chosen 
as the research product because it is a staple in the diet of con- 
sumers in industrial countries. Given the potential for MAP and 
CO-MAP to improve the profitability of producers and food retail- 
ers and to provide potential consumer quality attributes, consum- 
ers’ preferences and willingness to pay (WTP) for these new 
technologie s are critical to a better understand ing of how to posi- 
tion the new technologie s in the marketplace and to develop pol- 
icies to appropriate ly inform consumers. Depending on the 
results, regulatory changes might be considered in both countries 
although preferences are not the only reason to change public 
policy.

The remainder of the paper is as follows. The section ‘Back- 
ground on modified atmosph ere packaging and its regulations’
provides detailed background on MAP and CO-MAP as well as 
on the underlying regulatory frameworks for each of the two 
countries. In the section ‘Methodological background’ the design 
of the study and the methodology applied in analysing the data 
are explained. The section ‘Empirical results’ presents empirical 
results of the study and the section ‘Discussion and conclusions ’
provides conclusio ns based on the results.

Background on modified atmospher e packaging and its 
regulations

Modified atmosphere packagin g

As mentioned previously, MAP is the packaging of food with a
gas mix which differs considerably from that of pure air. MAP 

2 Results from the Van Wezemael et al. (2011) study show that, on average,
German consumer s’ acceptance of MAP is similar to other European countr ies such 
as Spain. Ta
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