EFFECTS OF PROCESSING AND STORAGE ON MICRONUTRIENTS AND BIOACTIVE COMPOUNDS

     Highly important to human health, micronutrients and bioactive compounds must be part of the population’s diet in sufficient amounts to meet the body’s needs. They are found in foods at very low levels and their retention from the farm to the table should be maximized. Numerous studies have reported variable, often substantial losses of these food components, by physical removal or chemical reactions, during postharvest handling, industrial processing, storage and domestic preparation. Losses are inevitable to some extent, but investigation and better understanding of the possible causes, including the influencing factors, can help to find measures that can be taken to diminish such losses.

Learning Objectives

     After reading this chapter, you should be able to answer the following questions:

· What happens to micronutrients and bioactive compounds during processing and storage of foods

· How can losses be minimized?

Post-harvest Changes

     The concentrations of micronutrients and bioactive compounds in plant foods at harvest are known to vary with such factors as the variety or cultivar, stage of maturity, geographic or climatic effects, agricultural practices, soil composition. In animal foods, the composition varies with the breed and age of the animal, the composition of the feed and breeding practices.  Postharvest compositional changes also occur, depending on the conditions (e.g., temperature, exposure to light) and duration of transport and storage. 
     For most subclasses of polyphenols (e.g., phenolic acids, flavonoids), the effects of storage and processing on the contents were found negligible in comparison to the differences between varieties of plants. 
     Carotenoids are among the food components most affected by environmental conditions. Sunlight and higher ambient temperature promotes the biosynthesis of carotenoids, thereby increasing the carotenoid levels during maturation, but accelerates oxidative degradation once the cellular integrity is destroyed (e.g., by bruising, cutting, chopping, maceration)  

     Carotenoids and anthocyanin levels continue to rise after harvest, provided the fruit or root is kept intact, allowing enzymes to continue to catalyze biosynthesis.

Effects of Preliminary Operations
     Vitamins, carotenoids, flavonoids and fiber are more concentrated in the peel than in the pulp. Thus, the simple trimming or peeling of fruits and vegetables can discard appreciable amounts and significantly reduce the levels of these substances in the portions utilized.  Alkaline treatments to facilitate peeling can also cause losses, although relatively small, of labile vitamins such as folate, ascorbic acid and thiamin at the surface of the product.

     Vitamins and bioactive compounds are naturally protected in plant tissues. Cutting, chopping, shredding and pulping of fruits and vegetables destroy this protection, increase exposure to oxygen and release enzymes that catalyze their degradation. Enzymatic degradation may be a more serious problem than thermal decomposition in many foods.  Thus, thermal processing should be carried out immediately after peeling and cutting operations. 
     Exposure of cut or bruised tissues of food products to water causes loss of water-soluble vitamins, such as ascorbic acid (vitamin C) and folate, and anthocyanin. This occurs by leaching during washing and exposure to water during cooking/processing.

     Grinding and fractionation during milling of cereal grains to remove the bran and the embryo cause major losses of minerals and vitamins, which are concentrated in the embryo and bran. Unlike vitamins and bioactive compounds, minerals are not destroyed by exposure to heat, light, oxidizing agents and extreme pH. They can be removed from foods by leaching or physical separation. A major cause of mineral loss is milling of cereals, which leaves the mineral poor endosperm.

Effects of Processing

     Discussions of processing and storage effects often focus on industrial processing and storage. However, losses during home preparation/cooking and storage are considerable, and may surpass those incurred in the food industry.  

     Blanching, a mild heat treatment (accomplished with hot water, steam, hot air or microwave) is an important step in the processing of fruits and vegetables. It is done primarily to inactivate potentially harmful enzymes, reduce microbial loads and decrease interstitial gases prior to further processing. Blanching in hot water can provoke large losses of water-soluble vitamins by leaching. The heat treatment in blanching may result in some losses of thermally labile nutrients and bioactive compounds, but the inactivation of oxidative and other degradative enzymes (e.g., lipoxygenase for carotenoids, polyphenol oxidase for flavonoids, ascorbic acid oxidase for vitamin C) will prevent further and greater losses by enzyme-catalyzed degradation during slow processing (as in drying) and storage. 
     Considerable losses of carotenoids and flavonoids have been observed when fruits and vegetables are processed into juice because substantial amounts of the bioactive compounds are left in the discarded skin and pulp (press cake), these losses often surpassing those of heat treatment.
     Thermal processing has long been known to cause significant losses of vitamins, carotenoids and anthocyanins. High temperature accelerates reactions, which would occur more slowly at ambient temperature. Whatever the processing method chosen, retention of these compounds decreases with longer processing time, higher processing temperatures and cutting or maceration of the food.
     On the other hand, as shown with carotenoids, mechanical disruption of the food matrix or heat treatment increases bioavailability, presumably by softening or breaking cell walls and membranes, thereby facilitating the release of the health-promoting compounds from the food matrices, the first step in the digestion of food. Processing conditions should therefore be optimized so that bioavailability is increased, but without provoking significant degradation. Bioavailability refers to that portion of the nutrient or bioactive compound consumed that is released from the food matrix, absorbed and used by the body.   
     In home preparation, retention of vitamins and bioactive compounds decreases in the following order: microwaving > steaming > boiling. For the fat-soluble carotenoids, boiling is less harmful than sautéing. Deep-frying, prolonged cooking, combination of several preparation methods all result in substantial losses. Whatever the cooking or processing method used, retention decreases with longer cooking time, higher cooking temperature and peeling/cutting of the food.

     Freezing (especially quick freezing) and frozen storage generally preserve nutrients and bioactive compounds, but slow thawing may be detrimental.

     Traditional sun-drying, although the cheapest and most accessible means of food preservation in poor countries, causes considerable destruction of nutrients and bioactive compounds. Drying in a solar dryer, even of simple and inexpensive design, can appreciably reduce losses. Protecting the food from direct sunlight also has a positive effect.

     In the last two decades, nonthermal processing technologies (e.g., high pressure processing, high-intensity pulsed electric field processing) have been introduced. These technologies have been reported to inactivate microorganisms and enzymes, without provoking adverse thermal effects on sensory and nutritional properties.

     Enzymatic degradation may be a problem in minimally processed foods. Loss of cellular integrity and of cell compartmentalization in fresh-cut fruits and vegetables, due to the cutting operations, destroys the natural protection of health-promoting substances and exposes them to oxidative and hydrolytic degradative enzymes.  Modified atmosphere packaging and low temperature storage, used to extend the shelf-life of minimally processed foods, have also been shown to preserve micronutrients and bioactive compounds.

Effects of Storage 

     Compared to losses during processing, subsequent storage often has a small but significant effect on vitamin and bioactive compound contents. Reaction rates are relatively slow at ambient or reduced temperature. Exclusion of oxygen (e.g., through vacuum or hot filling, oxygen impermeable packaging or inert atmosphere), protection from light, storage at low temperature protect these compounds from decomposition. 

     Nutrients in dehydrated products are more likely to undergo degradation during storage because of the greater surface area exposed to oxygen and light. Blanched products generally resist decomposition better than unblanched foods during storage.  

Degradative Reactions during Processing and Storage 

     As examples, the chemical changes during processing and storage of carotenoids, ascorbic acid, anthocyanins and folates will be discussed because these are the health-promoting food components most susceptible to degradation, the first three being the most investigated.

     The major alterations of the highly unsaturated carotenoids during processing and storage are isomerization and enzymatic or non-enzymatic oxidation.  Isomerization of trans-carotenoids, the usual configuration in nature, to the cis-isomers is promoted by acids, heat and light. The release of organic acids during slicing, pulping or juicing of fruits and vegetables can be sufficient to provoke isomerization, but this isomerization occurs to a greater extent during thermal treatment. As consequences, the color turns paler, provitamin A activity is reduced and bioavailability is also affected. The trans-isomer of the provitamin A carotenoid (-carotene is preferentially absorbed over the cis-isomers while the reverse is reported for the vitamin A-inactive lycopene, the cis-lycopenes being better absorbed. 
     Enzymatic or non-enzymatic oxidation is the main cause of carotenoid destruction during processing and storage of food. It depends on the availability of oxygen and is promoted by light, heat, metals and enzymes; it is inhibited by antioxidants. Enzyme-catalyzed oxidation takes place prior to heat treatment, during peeling, slicing and pulping. Non-enzymatic oxidation occurs during and after thermal processing. It is increased by destruction of the cellular structure, increase of surface area or porosity, duration and severity of processing, duration and conditions of storage, permeability of the packaging material to oxygen and exposure to light.
     Oxidation begins with the introduction of oxygen into the carotenoid molecule, forming carotenoid epoxides, followed by cleavage. Successive fragmentations result in small volatile compounds.  Now devoid of color and the health-promoting activities of carotenoids, these compounds could give rise to desirable flavor, as in tea and wine, or off-flavor, as in dehydrated carrot.
     Degradation of ascorbic acid primarily involves oxidation to dehydroascorbic acid, followed by hydrolysis to 2,3-diketogulonic acid and further oxidation, dehydration and polymerization, forming a wide array of nutritionally inactive products. Uncatalyzed oxidation is essentially negligible; oxidation catalyzed by trace metals in food accounts for much of the oxidative degradation of ascorbic acid. 

     Both ascorbic acid and dehydroascorbic acid have vitamin C activity.  Loss of this activity occurs when dehydroascorbic acid is hydrolyzed with ring opening, forming of 2,3-diketogulonic acid. This hydrolysis is favored by alkaline conditions. Dehydroascorbic acid is most stable at pH 2.5-5.5; its stability decreases as pH increases.

     Among the flavonoids, anthocyanins are the most studied in terms of processing and storage effects, probably because they are highly unstable and reactive, and they play the dual role of being natural pigments and bioactive compounds. They impart red, blue and purple hues to fruits, especially temperate fruits, 

     Anthocyanin stability has been shown to be affected by various physical and chemical factors, such as the chemical structure and concentration of the anthocyanins, temperature, pH, light, oxygen, presence of enzymes, proteins, metallic ions and other flavonoids and phenolics. These pigments readily degrade during processing and storage of foods, resulting in dramatic impact on color and their health-promoting properties. Suggested pathways for anthocyanin degradation involve cleavage (loss of color) or polymerization (browning). In alkaline or acid medium or in the presence of the enzyme (-glucosidase, anthocyanin is hydrolyzed, removing the sugar moiety and releasing the anthocyanidin, which is more easily degraded than the anthocyanin glycoside. Degradation commence with the opening of the middle ring followed by cleavage at this midpoint of the molecule, forming colorless products.   

     With its reactivity and solubility in water, folates can suffer large losses during food processing and preparation. Aside from considerable leaching to water used in washing, blanching, canning or cooking, oxidative degradation can occur. Unfortunately, studies on processing effects on folates are still very limited.  

     The naturally occurring form, tetrahydrofolic acid, is extremely susceptible to oxidative degradation while the synthetic form used in food fortification, folic acid, is very stable. Oxidative cleavage of tetrahydrofolic acid, and to a lesser extent, folic acid yields nutritionally inactive products.

Recommendations for Maximum Retention of Health-promoting Food Components
     Considering the research findings on the effects of processing and storage of foods on micronutrients and bioactive compounds, the following measures are recommended to maximize retention of these food components.

For home preparation and storage:

· Plant or buy varieties/cultivars rich in micronutrient and bioactive compounds.
· Store raw fruits and vegetables intact and keep storage time short. Store at refrigerated temperature for more prolonged storage. 

· If sun-drying is needed, protect food from direct sunlight. 

· Avoid peeling fruits and vegetables when the peel is edible. 

· Wash fruits and vegetable before peeling or cutting, not after.

· Avoid cutting of fruits and vegetables into very small pieces and consume or cook them immediately after peeling, cutting, chopping or pulping.

· Cook to just doneness.  
For commercial processing and storage:

· Choose raw materials rich in micronutrients and bioactive compounds.

· Store raw fruits and vegetables intact; keep storage temperature low and the duration short. 

· Wash fruits and vegetable before peeling or cutting, not after.

· Process immediately after cutting operations; minimize losses during pulping or juicing. 
· Blanch and process under conditions optimized for each food.

·  Minimize processing time and temperature. High-temperature, short time processing is a good alternative.
· Exclude oxygen through vacuum or hot-filling, oxygen-permeable packaging or inert atmosphere.

· Protect food from direct sunlight during traditional sun-drying or use a solar dryer.
· Protect processed product from light and store at low temperature. 

 References
Amarowicz, R., Carle, R., Dongowski, G., Durazzo, A., Galensa, R., Kammerer, D., Maiani, G., Piskula, M.K. (2009). Influence of postharvest processing and storage on the content of phenolic acids and flavonoids in foods. Mol. Nutr. Food Res. 53: S151-S183.

Boon, C.S., McClements, D.J., Weiss, J., Decker, E.A. (2010). Factors influencing the chemical stability of carotenoids in foods. Crit. Rev. Food Sci. Nutr. 50: 515-532.

Castañeda-Ovando, A., Pacheco-Hernández, M.L., Páez-Hernández, M.E., Rodriguez, J.A., Galan-Vidal, C.A. (2009). Chemical studies of anthocyanins: A review. Food Chem. 113: 859-871. 

Damodaran, S., Parkin, K.L., Fennema, O.R. (Eds.) (2008). Fenema’s Food Chemistry, 4th ed., CRC Press, Boca Raton.

Lee, S.K., Kader, A.A. (2000). Preharvest and postharvest factors influencing vitamin C content of horticultural crops. Postharvest Biol. Technol. 20: 207-220.

Patras, A., Brunton, N.P., O’Donnell, C., Tiwari, B.K. (2010). Effect of thermal processing on anthocyanion stability in foods; mechanisms and kinetics of degradation. Trends Food Sci. Technol. 21: 3-11.

Rodriguez-Amaya, D.B. (1997). Carotenoids and Food Preparation: The Retention of Provitamin Carotenoids in Prepared, Processed, and Stored foods. US AID-OMNI, Washington DC.

Rodriguez-Amaya, D.B. (1999). Changes in carotenoids during processing and storage of foods. Arch. Latinoamer. Nutr. 49: 38S-47S.
Rodriguez-Amaya, D.B. (2002). Effects of processing and storage on food carotenoids.  Sight Life Newslett. 3 (Special Issue): 25-35.

Ruiz-Rodriguez, A., Marín, F.R., Ocaña A., Soler-Rivas, C. (2008). Effect of domestic processing on bioactive compounds. Phytochem Rev. 7: 345-384.
Sadilova, E., Carle, R., Stintzing, F.C. (2007). Thermal degradation of anthocyanins and its impact on color and in vitro antioxidant capacity. Mol. Nutr. Food Res. 51: 1461-1471.

Wrolstad, R.E., Durst, R.W., Lee, J. (2005). Tracking color and pigment changes in anthocyanin products. Trends Food Sci. Technol. 16: 423-428. 

Xianquan, S., Shi, J., Kakuda, Y., Yueming, J. (2005). Stability of lycopene during processing and storage. J. Med. Food 8: 413-422.

PAGE  
8

