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    Anthocyanin – A Natural Dye for Smart Food Packaging Systems
                           Suman Singh1, Kirtiraj K. Gaikwad2, and Youn Suk Lee3*
        1
        Department of Food Engineering, Institute of Food Science & Technology, VCSG Uttarakhand University
                   of Horticulture and Forestry, Majri-grant, Dehradun, 248140, Uttarakhand, India
             2
              Department Chemical Engineering, Polytecnique Montréal, Montréal, QC H3C 3A7, Canada
                          3
                           Department of Packaging, Yonsei University, Wonju 26493, Korea

     Abstract Interest in the use of smart packaging systems for food products has increased in recent years. Therefore, food
     researchers are focusing on the development of new indicator based smart packaging technologies by using anthocyanin-
     based natural dye. Anthocyanins are one of the plant constituents known as flavonoids and responsible for the bright and
     attractive orange, red, purple, and blue colors of most fruits, vegetables, flowers, and some cereal grains. Indicators of
     natural dyes such as anthocyanins could express the quality and shelf life of perishable food products. However, the sen-
     sitivity and stability for their use in smart food packaging should be established to reach the market proposals. This review
     article focuses on recent studies related to use of natural dyes based on anthocyanin for smart food packaging applications.
     This study offers valuable insight that may be useful for identifying trends in the commercialization of natural dyes or
     for identifying new research areas. This review also provides food and packaging scientists with a thorough understanding
     of the benefits of anthocyanin-based natural dyes for shelf life indicator when applied to package material specific foods
     and hence can assist in accelerating commercial adoption.
     Keywords Anthocyanin, Natural dyes, Active packaging, Indicator, Food, Smart packaging



                      Introduction                                     to monitor the quality and safety as well as sense the spoilage
                                                                       in meat-based products by measuring the changes in color by
  Food packaging is used to protect food from environmental            means of cameras or other image-capturing devices or in some
contamination and other influences such as odors, shocks,              instances by the naked eyes13-15). All these technologies should
dust, temperature, physical damage, light, microorganisms,             be cheap, non-toxic, stable, sensitive, irreversible, and easy to
and humidity. It is key to ensuring the quality and safety of          introduce in the packaging system and so could effectively
food, while also extending shelf-life and decreasing food              monitor the condition of food, packaging and the environ-
losses and wastage1-7). In the 20th century, many advance-             ment. In the fresh produce sector, Indicators contributed a sig-
ments in packaging technology appeared smart packaging sys-            nificant role in reducing food loss, and waste in the supply
tems including intelligent packaging (gas indicators, micro-           chain by improving product protection, temperature, and envi-
wave doneness indicators) and active packaging (oxygen                 ronmental controls. Furthermore, it mitigates consumer's con-
scavengers, moisture absorbers, and the controlling release of         fusion about the safety of food products; therefore, food pack-
antimicrobial agents). These innovations further improved food         age manufacturers must consider all these factors to optimize
quality, food safety, and shelf-life8-12).                             sustainability16).
  Smart package performance can be attained via the appli-                The number of published studies on food spoilage indi-
cations of indicators, sensors, barcodes, and radio-frequency          cators is still limited. However, several trials report that fresh-
identification (RFID) systems. Indicators inform the changes           ness indicators are designed to respond to chemicals released
occurring in a food product or its environment through visual          by food as a result of spoilage where an oxidative process is
or other changes. The commonly used indicators in the meat             usually caused by microorganisms, which break down food
industry freshness indicators. Colorimetric indicators are used        carbohydrates, proteins, and fats to a wide variety of low-mole-
                                                                       cular-weight molecules. For example, some natural pigments
†                                                                      from vegetable sources, anthocyanins have great potential as
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