Enhancing Functional Properties through Fortification in Ice Cream: A review
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Abstract-
Lifestyle changes and other factors have transformed consumers' understanding of dietary health and well-being. As a result, there has been a growing interest and demand for functional foods, particularly in recent years. Among these, milk and dairy products are essential functional foods for the present and future. These products are well-suited for creating functional options due to their beneficial health effects in daily diets. Ice cream, with its broad appeal across different age groups, stands out in the functional food market. It offers a high nutritional value and allows for easy modification of its composition, making it an attractive choice for functional product development. This has led to an increase in research focused on enhancing ice cream's functional properties. A literature review reveals that studies often incorporate various nutraceutical components in functional ice cream production. These components include probiotics, prebiotics, antioxidants, phenolic compounds, bioactive proteins, whey and its derivatives, essential fatty acids like omega-3 and omega-6, sweeteners such as stevia, honey, and sugar alcohols, dietary fibers, as well as certain vitamins and minerals. This review categorizes the commonly used nutraceuticals in the production of functional ice cream and summarizes relevant studies in the field.
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Introduction-
Ice cream is a favorite treat enjoyed by people all over the world. It’s commonly eaten both as a dessert after meals and as a snack in between meals. It’s expected that global sales of ice cream will reach around $75 billion by 2024 (Bedford, 2022). As more people realize how food impacts their health, many are searching for ice cream that can boost both their physical and mental well-being (Díaz, Fern´andez-Ruiz, & C´amara, 2020). Many consumers are now seeking more "natural" foods that don’t contain artificial additives like dyes and flavors (Durmaz et al., 2020). Ice cream has a lot of fat and sugar, which can lead to consuming too many of these nutrients. This can increase the risk of obesity, including in children, along with other health issues (Krystyjan, Gumul, Ziobro, & Sikora, 2015). These worries have created a higher demand for low-calorie and high-fiber foods, which has sparked interest in developing healthier ice cream options. People are increasingly focused on their health and are seeking new foods that match a healthy lifestyle
Over time, different meanings for functional foods and nutraceutical products have been created (Reque & Brandelli, 2021). One of the first is that of Diplock et al. (1999) Functional Foods are described as those that can offer health benefits and help lower the risk of certain health issues. Even though there have been various attempts to define and classify functional foods—based on things like low fat or low sugar content, and their health benefits—there is still some confusion about what the best definition really is (Küster, Vila, & Abad-Tortosa, 2022). This analysis has allowed us to organize the review into two main sections: one looks at replacing traditional ingredients linked to poor nutrition, while the other focuses on adding ingredients that provide extra health benefits. Ice cream is meant to be enjoyed occasionally as part of a balanced diet. While functional ice cream can be enriched with proteins, fibers, antioxidants, and probiotics, it shouldn’t be seen as a way to meet basic dietary needs. However, its enhanced nutritional properties could still offer benefits to those who enjoy ice cream.
Even though the market for functional ice cream is still new, it is expected to grow quickly, with projected sales reaching about $319.8 million by 2028 (Market Research Future, 2022). A recent study on functional ice cream technology pointed out the health benefits of different nutraceutical ingredients, such as probiotics, antioxidants, dietary fiber, and bioactive peptides, which are used to create healthier ice cream options (Arslaner & Salik, 2020). Creating functional ice cream involves overcoming certain physical and chemical challenges to ensure that it is appealing to consumers (Cruz, Antunes, Sousa, Faria, & Saad, 2009).
The taste and nutritional benefits of ice cream are important for meeting consumer expectations regarding both flavor and health. Consumers mainly judge ice cream based on its texture and taste. By understanding these factors, the ice cream industry can improve the formulation of functional ice cream to create a dessert that is both nutritious and enjoyable to eat. Functional ingredients need to be included in a way that maintains the overall quality of the ice cream[image: ]
Functional ice cream-
Today, ice cream is produced widely across the globe, but the amount people consume differs from country to country. Ice cream is a complex food that includes different physical components. It consists of air bubbles, fat particles, ice crystals, proteins, salts, sugars, and large molecules known as polysaccharides, all blended together in a frozen, concentrated form (Arslaner, & Salik,2020). There isn’t a single definition for functional food yet, but functional ice cream aims to be healthier and may help lower the risk of certain diseases compared to regular ice cream. Creating functional ice cream has the advantage of being good for people of all ages and backgrounds. Some ways to make ice cream functional include reducing fats and sugars and adding ingredients known to have health benefits. Some examples of making ice cream healthier include using grape molasses instead of regular sugar and replacing milk fat with fat substitutes made from proteins or carbohydrates, or with healthier unsaturated fats. Changing or removing ingredients can impact the characteristics of both its physical and chemical aspects of the ice cream, which also affects its taste and texture—important factors for consumers. For instance, fat helps give ice cream a smooth texture, affects how it feels in your mouth, enhances flavor, helps it melt at the right rate, keeps it from feeling dry, and helps it hold its shape (Rolon et al., 2017). Altering the kinds and amounts of fat in ice cream can affect its texture and taste. To create fat-free ice cream that meets consumer expectations, it’s important to refine the recipe beyond just health benefits. Since fat is a key carrier for flavors and many flavor compounds dissolve well in it, low-fat ice creams might not have the same flavor quality as regular ones. Adding more flavoring won’t fix the issue if there isn’t enough fat to hold those flavors, as they can quickly evaporate in the mouth, leading to a less satisfying taste (Wang & Arntfield, 2017). Additionally, when fat globules merge during ice cream production, they help create a creamy texture, stabilize air bubbles, and improve the ice cream’s resistance to melting ((Zhang & Goff, 2005). So, if we want to replace fat in food, the substitute needs to mimic the way fat affects flavor and texture. A good fat replacer should have the same qualities as milk fat in ice cream and help deliver the flavors that people expect and enjoy (Akbari et al., 2019). Other approaches in creating functional ice cream involve adding extra ingredients to boost health benefits, like including bioactive or antioxidant compounds. These additions can also provide essential nutrients, such as vitamins, minerals, and proteins. It's important to focus on how these changes affect the ice cream's chemical and physical properties while ensuring it remains enjoyable for consumers (Carrizzo et al., 2021). Functional ingredients should also enhance the properties that make ice cream enjoyable to eat. This means they should help maintain the texture, flavor, and overall quality of the ice cream, ensuring it meets consumer preferences.
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Fig-2-Fortification in ice cream and their health benefits



Antioxidants in ice cream-
One of the main functions of our body is to break down the food we consume, which can produce free radicals that may harm us. These free radicals can lead to oxidation in the body, raising the risk of diseases like heart and lung issues or even cancer. Antioxidants help protect us by giving electrons to free radicals, stabilizing them. Sanguigni investigated a natural antioxidant ice cream created with a mixture of dark cocoa powder, hazelnuts, and green tea extract, which is rich in polyphenols (Sanguigni V et al., 2017). Foods high in polyphenols can enhance blood vessel function and physical performance by affecting oxidative stress. However, there is still some uncertainty about how this works (Sanguigni V et al., 2017). Antioxidant-fortified ice cream can effectively help reduce oxidative stress in everyone, including those with chronic or degenerative diseases. It has also been shown to remain stable It has also been found to stay stable ee and durable over time (Daniel Granato et al.,2018). Ginger (Zingiber officinale) is packed with antioxidants and has strong compounds like gingerols and shogaols. It’s being recognized as a promising functional food for creating new products. Gabbi, Bajwa, and Goraya studied how different methods of adding ginger can change the properties of ice cream (Gabbi DK et al., 2017Ginger was included in the ice cream in different forms: ginger juice and paste at 2 to 8% by weight, ginger candy at 5 to 20%, and ginger powder at 0.5 to 2%. The juice and paste greatly lowered the total solids, fat, and protein levels, while ginger powder and candy raised the solids and fiber. All versions demonstrated better antioxidant activity and higher total phenols. The ice cream with 6% juice and 4% paste was rated best for flavor. However, when more than 10% candy or 1% powder was added, the flavor became too strong and was not well accepted.
	Bioactive component
	Key findings
	Sources

	Antioxidants
	
	

	Plant extracts include powders, skins, supplements, and essential oils
	It has strong antioxidant benefits and tastes good
	Sagdic et al., (2012) 
(Ramadan, Ashoush, and El-Batawy, 2013) 
Çakmakçı et al., (2015) Makouie et al., (2021)

	Ginger items like juice and powder, grape wine leftovers, and by-products from pomegranates
	Higher amounts of phenols lead to better antioxidant abilities, while also keeping a low air content, slower melting, firmer texture, and improved taste ratings
	(Hwang Shyu and Hsu, 2009) Çam et al., (2013) 
(Gabbi Bajwa and Goraya, 2018)

	Cocoa polyphenols that are either free or microencapsulated, along with lycopene
	Better absorption of phenolic compounds in the body results in lower taste ratings due to bitterness and graininess, but it offers benefits for both the body and skin.
	Vitaglione et al., (2013) Chernyshova et al., (2019)

	Proteins and beneficial peptides
	
	

	Protein powders made from fish, milk, whey, and soy
	It has good protein levels, but a short shelf life due to a fishy taste. However, it improves texture and has a thick consistency
	(Patel Baer and Acharya, 2006)
 (Akesowan,2009)  
Shaviklo et al., (2011)

	Hydrolyzed proteins from whey, gelatin, soy, and egg whites
	It offers health benefits, enhances the ability to form emulsions, slows down ice crystal growth, and has great thickness and melting characteristics
	(Innocente Comparin, and Corradini 2002)
Damodaran (2007)  
Chen et al., (2019)
 (L´opez-Martínez Moreno-Fern´andez and Miguel, 2021)

	Buffalo milk-derived pentapeptide
	It helps lower blood pressure and protects the heart
	Carrizzo et al., (2021)

	Physiologically active lipids
	
	

	Oils from algae, fish, and flaxseeds
	It's rich in omega-3s, but has a fishy taste that depends on the flavoring used in the ice cream, while also having good physical and chemical qualities
	Chee et al., (2007)
Nawas et al., (2017)
Gowda et al., (2018)
(A. R. Shaviklo, Seyed- Nejad and Mahdavi Adeli, 2020)

	Oyster paste
	The microbial and taste quality is acceptable even with a low level of enrichment.
	(Sorio and Albina, 2019)

	Dietary fibers, minerals, vitamins, and other beneficial compounds
	
	

	Pumpkin paste
	The freezing point and glass transition temperature decrease, while the firmness increases
	(Mehditabar Razavi and Javidi, 2020)

	Sources of dietary fiber include oats, wheat, apples, and inulin, along with fruit extracts and pulp
	There’s an increase in thickness and protective effects against freezing. While it positively affects taste, adding a lot can negatively impact melting and air content
	(Soukoulis Lebesi and Tzia, 2009) 
Sun-Waterhouse et al., (2013) 
Çakmakçı et al., (2016)
 (Yangılar,2016)

	Green tea extract
	There’s more air content, and the time until the first drip and the time to melt completely are both shorter.
	(Yüksel Yüksel, and S ¸at, 2017)  



Table 1- Fortification of ice cream with functional ingredients
Incorporation of fish proteins in ice cream formulations-
Fish is a valuable food that offers several health benefits. It provides high-quality proteins, omega-3 polyunsaturated fatty acids (PUFAs), and important micronutrients (Balami et al., 2019). Fish can also be beneficial for women who are pregnant as it supports the development of the baby (Golding et al., 2022). The study looked at how adding various amounts of fish protein powder (FP) to Persian ice cream affected its sensory and chemical properties. They tested ice creams with 0, 30, and 50 grams of FP per kilogram and stored them at -18°C for four months. The ice creams containing 30 and 50 grams of FP had much more protein and less fat compared to the one without any FP. Additional tests with higher amounts of FP (83, 69, and 51 grams per kilogram) showed solid non-fat contents of 215, 204, and 181 grams, respectively. The levels of fat, lactose, acidity, and pH were similar across all samples. However, the sensory properties of the fortified samples differed slightly, showing changes like a loss of color, reduced cohesiveness, and an increase in a a rough texture caused by undissolved lactose crystals (El-Neshawy et al., 1988) This resulted in less sweetness but more in fish flavor. When the fortified samples were checked after two months in storage at -18°C, they developed a strong off-odor and turned rancid due to lipid oxidation in the fish protein (Focant et al., 1989) In a study that tested ice cream with 10, 20, or 30 grams of fish protein powder per kilogram, no differences were found in color, smell, taste, texture, or overall preference.When comparing fortified and control samples right after production, the only difference was in color, with the fortified ice creams rated lower. However, significant differences were observed between the products during storage. In epidemiological studies, essential fatty acids are important for preventing various diseases, including heart attacks, cardiovascular issues, depression, migraines, joint problems, diabetes, high cholesterol, high blood pressure, allergies, and cancer (Wassell et al., 2010). The table 2 lists lipophilic, functional, and nutraceutical components along with their potential health benefits.
	Label
	Categories
	Prospective health benefits

	Fatty acids
	ω - 3 fatty acids, Conjugated linoleic acid, Butyric acid
	Heart disease, bone health, immune system disorders, weight gain, stroke prevention, mental well-being, cancer, and eyesight

	Carotenoids
	β-Carotene, Lycopene, Lutein, and Zeaxanthin
	Cancer, heart disease, age-related macular degeneration, and cataracts

	Antioxidants
	Tocopherols, Flavonoids,
Polyphenols
	Heart disease, cancer, and urinary tract infections

	Phytosterols
	Stigmasterol, β-Sitosterol,
and Campesterol
	Heart disease


                                                                                              (Source- McClements et al., 2009)
Table 2- Lipophilic functional nutraceutical components
Nutritional fortification with dietary fibers-
Ice creams have been enhanced with dietary fibers from sources like wheat, oats, bamboo, apple, and orange. This addition improves the ice cream's structure and cultural quality. By including these fibers, the overall solid content of the ice cream mix also increases. The types of dietary fibers used and how long the ice cream is stored can affect the levels of lactic acid present in the samples.
When measuring acidity through titration, it was found that ice creams fortified with orange, apple, and bamboo fibers had higher acidity compared to the control and other fiber types. Over time, the lactic acid content in probiotic ice cream samples was highest in those with orange fiber, followed by apple, bamboo, wheat, the control, and finally oat (A. S. Akalın et al., 2018). Adding citrus fiber and phenolic compounds raised the acidity levels because these compounds are naturally acidic. During storage, the acidity values varied in both the control and experimental ice creams. However, there were no major changes in color among the probiotic ice creams, except for those that included orange and apple fibers, which did show some differences (Dervisoglu, M., and F. Yazıcı., 2006). Adding orange and apple fibers made the ice cream less bright (decreased its lightness) and increased its red and yellow hues (Figuerola F. et al., 2005). The ice creams with orange and apple fibers were very consistent. These samples also had a higher apparent viscosity, indicating greater thickness. Adding apple fiber slightly raised the freezing point, while wheat fiber lowered it. These effects were linked to the presence of high-molecular-weight biopolymers in the mixture. However, using apple fiber significantly reduced the amount of ice and frozen water in the ice cream.The samples with orange fiber were the hardest, particularly between 60 and 180 minutes. Ice cream containing 1.5% orange fiber had a milder flavor because of the increased acidity. During storage, only the ice cream with apple fiber showed a notable drop in flavor by the end of the storage period. Despite this, the texture of the ice creams stayed the same, and their melting rate decreased (Crizel et al., 2014). The texture and overall experience of lemon ice cream were enhanced by adding orange fiber. Research has examined the effects of rice flour on vanilla ice cream, as well as how inulin influences probiotic ice cream. Inulin was found to boost the total number of lactic acid bacteria, specifically Lactobacillus casei and Lactobacillus rhamnosus, in the probiotic ice cream. However, a similar prebiotic effect on Lactobacillus acidophilus and Bifidobacterium animalis BB12 was not observed in the study (akalın, a. S., and d. Erişir., 2008). Overrun is the term used for the amount of air that is incorporated during the ice cream-making process. In the experimental ice cream samples, the amount of air (overrun) increased when dietary fibers were added, except in the sample that contained bamboo fiber.. Adding apple, orange, or wheat fibers helped incorporate more air into the ice cream due to their flow properties. It has been noted that batch freezers with dasher systems can incorporate more air into mixtures that are thicker (Bahram parvar and goff, 2013). It has also been observed that the amount of air added (overrun) is directly connected to the thickness (viscosity) of the mixture (akalın, a. S., and d. Erişir., 2008).
Fortification with minerals and trace elements-
Ice cream was prepared using a tabletop ice cream maker (Delonghi, Toronto, Canada) with milk, 35% whipping cream, powdered sugar, egg yolks, and vanilla extract. First, heat the milk and whipped cream to 100°C on a hot plate. While that’s happening, mix the egg yolks, sugar, and vanilla in a separate container. Once the milk and cream are heated, slowly add the egg mixture while stirring constantly. This helps everything blend together smoothly. The mixture was heated until it thickened into a custard, then allowed to cool down to 50°C. Once it reached this temperature, a special butter oil with added vitamin D3 was mixed in to reach a concentration of 100,000 IU/kg in the ice cream.The mix was stirred vigorously for 15 minutes and then homogenized for 5 minutes using an Omni-Mixer Homogenizer (London Scientific, London and Canada). The same steps were used with a different butter oil that contained crystalline vitamin D. This time, the mixture was fortified to a final concentration of 50,000 IU/kg of vitamin D3. After adding the vitamin D, the mixture was cooled to 4°C and then poured into the ice cream maker to turn it into ice cream (J Tobias et al., 1981). The ice cream was stored at -25°C, and samples were tested for vitamin D3 levels after 0 to 4 weeks. Ice cream enriched with vitamin D3 is healthy, easy to eat, and maintains stable vitamin levels, even in low-fat recipes (Chansathirapanich, W. et al., 2016). Fat-soluble vitamins like K, D, E, and A are present in small amounts in ice cream but are missing in low-fat and nonfat versions. To make up for the losses caused by heat treatment and skimming, ice creams are formulated with added minerals and vitamins (Marshall et al., 2003). Adding micronutrients like magnesium, zinc, manganese, cobalt, nickel, copper, and pro-vitamin A carotenoids has been successful, but more research is needed to evaluate their costs and other factors (Noel et al., 2012). Adding raisins, grape juice, and cane molasses is an effective method for boosting iron in regular chocolate ice cream without changing its texture or taste (Soukoulis and Tzia, 2018). Adding 5% to 15% dried Cape gooseberry pulp to traditional ice creams has been shown to increase the levels of iron, manganese, zinc, and sulfur.This addition has little effect on, or only slightly reduces, the levels of minerals typically present in ice cream, such as phosphorus, magnesium, calcium, potassium, and sodium (Erkaya et al., 2012). Adding 5% to 20% (w/w) vegetable marrow pulp to ice cream significantly increased the levels of zinc, potassium, and iron. However, it also led to a notable decrease in the concentrations of important minerals like calcium and phosphorus (Dagdemir, 2011). Researchers found that adding wine grape lees solids at 5%, 10%, and 15% (w/w) improved the viscosity, reduced melting, and improved the taste and overall experience of the ice cream (Erkaya et al., 2012; Dagdemir, 2011).
Probiotic-fortified ice cream formulations-
In its frozen state, ice cream is a colloid that consists of ice crystals, air bubbles, and fat droplets mixed in a liquid base. It also includes polysaccharides, sugars from cane and milk, proteins, and minerals, mainly calcium, as well as small amounts of sodium and potassium.
Probiotics are live microorganisms that offer health benefits when you eat enough of them (between 10-6 to 10-7 CFU/g) (Food and Agriculture Organization of the United Nations; World Health Organization– FAO/WHO, 2001). Probiotics can be added to ice cream in two ways: either in their natural state or microencapsulated. In their natural state, they can be mixed with an acidified milk base (like probiotic yogurt, acidified milk, or cream) at the start of making the ice cream, or a specific culture can be added directly to the mix before whipping and freezing (Soukoulis, C., & Tzia, C. 2018). Microencapsulated probiotic bacteria are contained within biopolymer matrices that are cross-linked or spray/freeze-dried. Recently, using microencapsulated probiotics in making functional ice cream has become quite successful. This method provides a flexible way to make ice cream, increases the shelf life of both the microcapsules and the ice cream, and minimizes any impact the carrier material has on the taste, texture, and overall quality of the final product (Mohammadi et al., 2011). For probiotic-enriched ice cream, research is needed on the freezing methods and conditions after freezing (like hardening and storage). Factors such as the composition of the ice cream (including sugars, polysaccharides, and protein type and content), pH, and oxygen levels can significantly affect the viability of probiotic bacteria during processing. Therefore, ensuring the survival of these live probiotic cells in ice cream is done with careful control, which is important for safe human consumption (Tsevdou et al., 2020).
Utilization of agricultural by-products in ice cream formulations-
Many by-products from the agro-food industry are known to be rich in natural antioxidants (Rațu et al., 2023). While there are several technological challenges in using organic waste to create food products, efforts have been made to incorporate fruit and vegetable waste into ice cream. Adding grape wine lees, a common waste from wineries that is rich in polyphenols, has been particularly successful. This addition improves the ice cream's rheological properties, reduces the amount of freezable content and melting rate, and does not negatively affect fat stability or air incorporation, while also adding beneficial polyphenolics like anthocyanins. Additionally, research has explored fortifying ice cream with pomegranate peel, which is known to contain significant levels of antioxidants and polyunsaturated fatty acids (PUFAs). Including pomegranate seed oil (PSO) in ice cream has further boosted its antioxidant activity Research on adding whey protein isolate to ice cream has shown that it enhances both foaming and emulsifying properties (Roy et al., 2022). Okara, also known as soy pulp or tofu dregs, is the leftover insoluble part of soybeans after making soy milk. Initially seen as agricultural waste, it has been found to be rich in protein, vitamin B6, and essential micronutrients, along with dietary fiber. Adding okara to ice cream has led to the creation of products that are promising in terms of sensory qualities (Farooq et al., 2023).
Technical hurdles to fortify ice-cream-
Fortification is an important method, but its effectiveness can be compromised by factors such as temperature, heat, packaging materials, or poor hygiene. The unit operations used in ice cream processing typically do not harm the vitamins added in dry form. Whipping and aerating the mixture at freezing temperatures also have minimal impact on oxidative losses. However, the most significant losses occur during the pasteurization process.
Fortified ice creams may have a shorter shelf life and can experience changes in sensory properties. Therefore, it is challenging to balance nutritional benefits and sensory qualities when fortifying ice cream.
Future challenges and areas of focus-
The development of functional ice cream is an area that requires further exploration. This review has highlighted various ways to enhance ice cream formulations. While replacing common ingredients has been more widely studied in the literature compared to adding bioactive components, both approaches present critical issues that need to be addressed.
Most studies have assessed overall acceptability using a trained panel of around 10 tasters, who were asked a hedonistic question about their preferences after the descriptive analysis. To more effectively confirm the popularity of functional ice cream, consumer testing with a larger group of participants is essential
When substituting fat in ice cream, it's essential to use a mix of protein, carbohydrates, and fat-based alternatives. Completely removing fat can negatively affect the texture, flavor, and overrun, so it's better to partially substitute milk cream combined with a mix of carbohydrate and protein substitutes, this approach can help reduce calories and fat while providing additional benefits, such as extra protein and prebiotic fiber.
Using fat substitutes that are high in unsaturated fatty acids can improve the lipid profile of the ice cream. Some prebiotic fibers, such as fructooligosaccharides, have proven to be stable in other foods, so it would be helpful to examine how stable they are in ice cream, which has a longer shelf life.
Another key aspect to consider is how bioactive compounds, like phenolics, interact with the main components of ice cream. There are conflicting studies regarding the bioavailability of phenolic compounds when they interact with proteins or dietary fibers. To truly grasp the market potential of functional ice cream and the health benefits stated on labels, it's crucial to perform shelf-life tests and evaluate the bioavailability and effects of certain bioactive compounds in living organisms.
Additionally, improving and testing methods for adding these compounds is necessary to ensure stability during the ice cream's shelf life. For example, using encapsulation techniques could help prevent oxidative stress in ice creams that contain polyunsaturated fatty acids (PUFAs).
Conclusion-
This review seeks to offer guidance on improving the design of functional ice cream, concentrating on both health benefits and sensory aspects. Developing functional ice cream, like other functional foods, is challenging because it’s essential to maintain its physical and sensory properties alongside the beneficial effects. The diverse composition of ice cream means its sensory qualities depend on a mix of factors, including thermophysical, mechanical, and microstructural properties.It generally makes sense to combine different ingredients in functional ice cream formulations to enhance health benefits while achieving good sensory quality or finding a balance between the two. For ingredient substitution, a partial replacement is often more effective than a complete one.When fortifying ice cream, it’s crucial to ensure that the amount of functional ingredients added is optimal and compatible with the desired sensory characteristics. Future research should focus on further optimizing ice cream formulations and processing to align with consumer expectations regarding flavor, texture, and other important sensory properties, including shelf-life tests. Additionally, for the fortification strategy, clinical trials involving humans or mice are necessary to evaluate the in vivo effects of specific bioactive compounds in functional ice cream.
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Fig 1-Strategies for functional food success in the market place




image2.png
Based
at- Sugar-
ce Replecement Nonsaccharide-

Based

~ Dietary fibre Natural colorants,vitamins

Antioxidant Fortifying agerl

Bioactive proteins and
bioactive peptides

Bioactive lipids




