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1. Purpose

To know the existing foods containing rice as main or secondary ingredient was carried
out an analysis of the global market of rice containing products. This analysis could
serve as starting point for selecting the targeted foods to innovate using rice
ingredients. Marketed products were identified in the main international malls and after
analysing their composition and processing they were categorized in different groups.

2. Rice global consumption

Rice (Oryza sativa L.) is a worldwide staple food, being a major ingredient for more
than half of the world’s population. Rice can be classified in two different subspecies:
indica (shorter and round grains, with lower amylose content and sticky after cooking)
and japonica (longer grains, with higher amylose content and fluffy after cooking)
(Park, Lee, & Choi, 2017). Concerning rice processing method, the polished white rice
is the most consumed all over the world (Figure 1). Rice consumption has undergone
a slight increase in recent years, reaching 504.3 tons millions consumption in
2020/2021, meaning an increase of 15% compared with 2008/2009 (STATISTA,
2021). In Asian countries, delivers more than 75% of daily calorie consumption (Park
et al., 2017) and 15% at worldwide level. In Africa and Latin America its consumption
is increasing due to changes in eating habits. In addition, the growing interest in Asian
foods is also encouraging this increase in other areas of Europe, United States or
Australia (Bao, 2016).
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Figure 1. Average per capita rice consumption, in kilograms per person per year Source: data
adapted from (Our World in Data, 2016).
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1 Rice as a fraditional ceredl

The importance of rice in the Mediterranean cuisine is well documented in the huge
collection of in-house recipes and in-country traditions. From these information, three
Mediterranean traditional culinary types were identified: i) risotto- rices that excel at
forming a rich, creamy broth while maintaining the integrity of individual grains that are
soft to the tooth but don't dissolve completely; ii) paella- short grain that release enough
starch to form a crispy crust on the bottom of the pan, yet when cooked in an open
vessel with plenty of air circulation, they retain a toothy texture; iii) carolino- long grain
that easily absorbs stock or water from the boiling, retained all the added flavours.

The global picture of consumers in Europe is largely affected by the net incoming
migration and the increasing interest of the population for more ethnic cuisine and its
ingredients. To face the actual consumer’s expectations other non-traditional culinary
types should be considered such as the aromatic (e.g basmati and jasmine) or sushi
rice. Currently consumer preferences are scarcely driven by rice variety, and only in a
few cases the selection of the variety is made based on the culinary application. This
is the case of rice for sushi, consumers prefer rice with sticky and chewy texture, such
as the traditional Japanese variety Koshihikari (Okadome, 2005). While for risotto the
main selected varieties are Baldo or Arborio rice, short grains with high amylopectin
which releases starch during cooking making a creamy and smooth risotto (Mohapatra
& Bal, 2006). Nevertheless, the extended differences in the rice features depended on
varieties and their different performance in culinary applications, points out the
importance of including rice varieties information to conduct consumers preference
based on varieties and not just size of rice, brown/polished, color and so on.

Therefore, there is limited connection between rice varieties and final applications.
Because of that the project will pursue to implement the varieties selected in WP1 into
the most appropriate applications.

2 Rice: Innovations in a traditional cereql

Rice grain is one of the most important ingredients used to produce ready-to eat
products. However, owing to its versatility, the use of rice (grain or flour) as one of the
main ingredients in products has increased. The number of rice-based products
available in markets is rising, probably due to both the increase in consumers interest
in innovative and healthy products and the internationalization of the food industry. In
this point, it should be stressed the importance of safety in fresh rice-based foods,
because of that microbial contamination and packaging are crucial points to be
considered when designing innovations. However, those aspects exceed the goal of
the present deliverable and are the objectives of WP2 of this project.

Currently, there are hundreds of rice-based products in the global market (Figure 2),
and they can be classified as follows: crackers, thin cracker, cookies, baby food,
desserts, drinks, vinegars, snacks, breakfast cereals, etc. Rice presents a very
important role in all the listed products, since is the main ingredient. About 70% of the
products have more than 50% of rice in their composition. According to information
from manufacturers, the rice varieties more frequently used is japonica sub-specie. It
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is well known that starch is the principal component of rice, and the selection of that
rice variety mainly depends on the amylose/amylopectin ratio. For example, waxy rice
is used chiefly for making sweets and desserts. On the other hand, to obtain baby food,
beer or breakfast cereals, medium-grain rice with low amylose content (12-20%) is
used. High amylose content rice (>25%) is majorly utilized to produce extruded rice
noodles (Juliano & Hicks, 1996). Finally, for making rice cakes, cookies, etc., flours
from any type of rice are used but the selection of rice variety implies different product
characteristics.

Breakfast
cereals

Rice-based

products
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Figure 2. Rice-based products available on the global market currently.

2.1 Rice beverages and vinegars

Rice is the main substrate for Japanese rice wine, shake. For its preparation rice flour,
generally with fine particle size, is subjected to different fermentation processes.
However, there are more rice-based drinks, like beers, other wines such as the one
consumed in Taiwan, sweet liqueurs (rice liquor), etc. Production is similar to those
made with other cereals, except in the case of liquors. To obtain them, the process
starts with the water obtained after cooking and draining the rice, then alcohol (gin,
vodka or similar) is added. In addition, in the market there are white, black or red rice
vinegar, depending on the rice used. It is a traditional Japanese and Chinese product
obtained from rice wine and subsequent fermentation for the transformation of alcohol
into acetic acid.
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2.2 Snacks, cookies, breakfast cereals and puffed rice

Breakfast cereals made from rice are widely known and consumed. These include rice
flakes and puff rice and can be consumed directly. There are different processes to
obtain breakfast cereals. The most common method starts with puffed rice (high
temperatures for a few seconds) and then extrusion or baking. Other rice-based foods
include cookies, widely consumed in Asian countries and they are getting very popular
in other areas because they offer gluten-free alternatives for people with celiac
disease. Rice cookies are traditionally made from rice paste (rice grain smashed after
cooking) and finally moulded and baked. Nevertheless, currently rice flour is preferred
for making cookies. In addition, in recent years the demand for snacks such as rice
puffed cakes or bars have increased.

The most important success of these products lies in their versatility to incorporate
other cereals, fruits, berries, legumes, etc. and the possibility of modifying raw
materials through different processes that allow to improve their nutritional quality or
taste. For instance, Arribas, Cabellos, Cuadrado, Guillamén, and Pedrosa (2019a)
studied the effect of the extrusion process in bioactive compounds (inositol
phosphates, a-galactosides, protease inhibitors, lectins and phenolic compounds) and
antioxidant capacity of different gluten-free expanded products based on rice, carob
fruit and pea. The results shown that blends based on rice and legumes (carob fruit
and pea) can deliver bioactive compounds in products such as snacks or breakfast
cereals-like products, contributing to develop healthy and functional foods. These
authors also concluded that extrusion process affects the different bioactive
compounds in a distinctive level, and at the same time reduces phytic acid and lectins
contents. In addition, extrusion increased total galactosides and phenolic compounds,
and eliminated protease inhibitors. According to Arribas et al. (2019a), the developed
rice-based products (in particular the formulation with 50% rice, 40% pea, 10% carob
fruit), after extrusion process, presented a content of bioactive compounds, that can
be considered as functional food, and in addition, contributes to rise legumes
consumer’s intake. In another research, Arribas, Cabellos, Cuadrado, Guillamon, and
Pedrosa (2019b), developed also a rice-based ready-to-eat product, fortified with bean
flour and carob fruit flour, obtaining promising results in what is concerned to nutritional
profile and functional properties, when compared to other products prepared in
exclusive with rice. The authors studied the effect of extrusion in final product nutritional
composition, dietary fiber and starch contents. The results showed lower fat content,
and balanced protein profile due to rice and legume flours combination. Extrusion
process improved protein in vitro digestibility and soluble dietary fraction. The blends
of rice, bean and carob can be considered good sources of fibre and protein, being
recognized as healthy foods when considering USDA recommendations.

In order to obtain new products, it is not always necessary to combine with other
ingredients or modify the processes. Applying known technologies to different less
investigated rice varieties, allows to obtain innovative and quality products. Such is the
case of Meza et al. (2019) that developed an innovative product, based on 100%
extruded whole black and red milled rice flours, with the objective of obtaining gluten
free natural colored breakfast cereals. Temperature and feed moisture combination
effects were studied.
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2.3 Plant-based drinks and meat analogs

The rise in the consumption of healthy products and the greater interest in animal
welfare have made plant-based products a daily alternative for animal derived
products, such as meat or milk. Rice drink is the most popular milk alternative after soy
or almond drinks. For its preparation rice flour is used and it is described as a low-fat
milk, rich in nutrients and minerals, and with good digestibility. In addition, in recent
years, the strategies to increase or improve the properties of rice beverage have
increased, either fortifying it or by previous modification of the grain to use it as
probiotics carriers (Rasika et al., 2020). Meat analogs refer to food products made from
non-meat ingredients but providing meat-like appearance, texture, flavor and
mouthfeel. The main sources of protein used for developing this type of product have
been those obtained from soybeans or wheat gluten (Bohrer, 2019; Malav, Talukder,
Gokulakrishnan, & Chand, 2015). Rice is an alternative that reduce allergenicity
problems of other vegetable proteins, although it presents different technological
difficulties due to their proteins properties (Bohrer, 2019). However, there are already
alternatives in the market, such as those shown in Figure 2 and Annex 1, where rice is
present as one of the main ingredients and also is used to obtain products similar to
fresh cheese or yogurts.

2.4 Wholegrain brown rice products and innovation

Regarding rice processing method, the polished white rice (WR) is the most consumed
all over the world. Nevertheless, it has been found a positive correlation between its
intake and type 2 diabetes incidence (Hu, Pan, Malik, & Sun, 2012; Nakayama et al.,
2017). According to Boers, Ten Hoorn, and Mela (2015), there are considerable
changes in rice glycaemic and insulinemic responses, depending on its characteristics
and processing methods, rice subspecies and its intrinsic characteristics (amylose vs
amylopectin), post-harvest processing (particularly parboiling), and consumer
processing (cooking, storage and reheating).

Consequently, in the last years, more attention has been given to wholegrain brown
rice (WBR), containing endosperm, germ and bran, trying to increase the ingestion of
this alternative non-polished rice, since many studies sustain that it is a healthier
choice, when compared to white rice (Nakayama et al., 2017; Zhang et al., 2010). This
is due to its high content of nutrients such as protein, fat, minerals, and vitamins.
Furthermore, WBR presents bioactive compounds (in the outer bran layer) with
potential health benefits: anti-diabetic, antioxidant, and anticancer effects. Hence,
WBR, germinated WBR and its processed products are expected to be healthier and
reduce the prevalence of chronic diet-related diseases, than those from WR; being an
alternative ingredient to develop functional and healthy foods. Nevertheless, WR is
preferred by consumers, due to its taste, appearance, and texture when compared with
WBR (Saleh, Wang, Wang, Yang, & Xiao, 2019).

In order to increase wholegrain brown rice consumption, food industry has performed
different studies to analyse the capacity of rising the proportion of WBR in
manufacturing of common food products, such as: noodles, bread, pasta, cakes,
shacks, pastry, and beverages, developing new recipes with WBR in exclusive or with
a share of WR and/or other ingredients (Cornejo & Rosell, 2015; Saleh et al., 2019).
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Nevertheless, there are restrictions and challenges in the incorporation of WBR, due
to its poorer sensory characteristics. The lower consumer acceptability of WBR,
particularly in comparison with the WR can be attributed to different reasons (Gujral &
Kumar, 2003; Lanning & Siebenmorgen, 2011; Mohan et al., 2017; Mojica & Grace,
2010; Monge-Rojas, Mattei, Fuster, Willett, & Campos, 2014; Saleh et al., 2019; Wang,
Wu, Li, Yang, & Shi, 2011). Among them it could be highlighted:

= Its higher fiber content, and phenolic compounds cause astringent taste, and is
perceived a harder texture and chewing palatability together with a dark colour.

= Longer cooking time and poor water absorption.

= Greater susceptibility to oxidation and off-flavour development, due to its high
oil level in the out-bran layer, with a consequent shorter shelf-life at room
temperature storage.

= Anti-nutritional compounds (e.g., phytic acid and tannin).

» Unawareness of WBR health benefits among average consumers and common
preference for refined products.

Alternatively, considering that WR is the most frequently consumed type of rice, a large
amount of high nutritional-value sub-products are generated during milling, which could
be the source of bioactive compounds and also healthy food ingredients (Park et al.,
2017). Within those, it must be highlighted the under-explored rice bran oil, which has
a very attractive fatty acids profile and high amount of y—oryzanol, apart from the
technological advantages for having high smoked point that extends the potential
industrial applications. Focus on the fibers from rice bran could be also an interesting
part to be explored. For instance, Sunfiber® is a dietary fiber rich product obtained
from rice by-products that could increase the fiber content of bakery products. Despite
the nutritional benefits and the potential technological impact of this ingredient, some
research will be needed to extend its application in bakery products, that will be
undertaken in WP3 of the present project.

2.4.1 Improving wholegrain brown rice products

Accordingly, the development of innovative rice products should be focused in
promoting WBR use instead of WR. However, what makes the WBR healthier, is
exactly the main cause responsible for the reduction in palatability and acceptance by
the consumer, because of this reason it is so important to find innovative technological
solutions to overcome all the referred negative perceived characteristics, in order to
improve WBR-based products with good sensory qualities (Saleh et al., 2019).

In a review work, Xia et al. (2019), focused on the effects of innovative process
technologies in wholegrain brown rice quality, and functional characteristics when
compared with traditional methods, underlined the advantages of combining
processing and pre-treatments techniques in WBR quality and functional
characteristics. The authors prepared a presentation of their findings in a schematic
figure (Figure 3), where strategies to improve WBR quality, sensorial, nutritional and
functional properties are clearly summarized.
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Figure 3. Current challenges and related strategies for wholegrain brown rice (WBR) in (Xia et al., 2019).

2.4.2 Strategies to improve WBR products

2.4.2.1 Bioprocess techniques and enzymatic approaches

Wholegrain brown rice fermentation or germination are used as an additional process,
to improve the usage of bioactive compounds in the grains, to produce WBR-based
foods, such as beverages, yogurt-like, porridges, vinegar or bread. Fermented WBR
products have several protective and therapeutic effects (Kuno et al., 2015). In their
review, Xia et al. (2019) summarized the used fermenting strains for different authors:
yeast, lactic acid bacteria (LAB), Monascus sp. and Aspergillus oryzae. During WBR
fermentation process, microorganisms are responsible for metabolic activities and
enzymatic transformations, increasing bioavailability of micronutrients, in parallel with
anti-nutritional factors reduction. Furthermore, specific positive effects are referred to
occur with fermentations at moderate acidity (pH 5-6): increasing protein, fiber,
minerals, resistant starch, phenolic compounds, antioxidant activity, and vitamins B
and E, together with phytate decrease. Germination has been demonstrated to be a
strategy to improve textural and organoleptic quality, nutrient and phytochemical
bioavailability and biological activity. Caceres, Pefas, Martinez-Villaluenga, Garcia-
Mora, and Frias (2019) demonstrated the suitability of germinated brown rice to
improve the bioactive compounds (phenolic compounds and GABA) and technological
properties in yogurt-like products. Moreover, rice flour germinated during 24 h also led
to improve rice bread texture, showing the appropriate functionality for being used as
raw ingredient in breadmaking (Cornejo & Rosell, 2015). The enzymatic approaches
have been aimed largely as a pre-treatment of rice bran, nevertheless some studies
suggest that adding enzymes during milling could modify the technological and
nutritional quality of cooked brown rice grain (Das, Banerjee, & Bal, 2008) or improve
the cookies texture when enzymes were added during the process (Dang, Therdthai,
& Ratphitagsanti, 2018). All these techniques have demonstrated to be an alternative
to improve brown rice products, thus rise the consumers acceptance.

2.4.2.2 Other wholegrain brown rice-based sfrategies

As it has been mentioned for white rice, one of the most used strategies to improve the
acceptance of products with WBR is the combination of this with other fruits, legumes,
etc. An example of this was the study carried out by Mir, Bosco, Shah, Santhalakshmy,
and Mir (2017). They studied apple pomace effect on physicochemical and antioxidant

10
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properties of WBR crackers. Crackers were prepared adding 0, 3, 6, or 9% apple
pomace to WBR flour. The results have shown a rising in antioxidant activity, total
dietary fiber, and minerals; whereas cracker’s overall acceptability and lightness
diminished as the apple pomace incorporation increased. Moreover, Mir, Bosco, and
Shah (2019) developed an innovative fried snack, mixing WBR flour with chestnut flour
with the following ratios (WBR flour/chestnut flour): 100/0, 80/20, 60/40, and 40/60,
respectively. The snacks were rich in potassium, phosphorus, sulphur, and
magnesium.

3 Final remarks

It is important to stress that consumers in general have a lack of knowledge about
WBR health benefits, and the correlation between its consumption and well-being.
Therefore, communication is crucial to assure the success of new marketed products
(Monge-Rojas et al., 2014).

Also a fundamental aspect is the fact that WBR has higher price when compared to
WR, since WBR is produced at small-scale, owing to its lower demand in comparison
to WR. Moreover, due to the high oil level in the outer bran layers of WBR, the
prevention of rancidity during handling and storage might cause an extra cost (Mohan
et al., 2017). With the aim of increasing shelf-life and product stability of WBR, cost-
efficient processing and packaging techniques are also important to develop. Thus, it
is necessary to find solutions that contribute to WBR production cost reduction, in order
to promote its utilization among consumers (Saleh et al., 2019).

Another benefits that might occur with the increase of WBR consumption, and thus WR
reduction, are related to economic and environmental positive effects. Specifically, the
reduction of rice milling costs, since polishing or whitening stages will be removed from
the process, together with the decrease of time and energy consumption (Mojica &
Grace, 2010).

4 Conclusion

Innovative rice-based products development is increasing, and many are reaching the
market. Formulations should be developed using combined processes to improve
WBR characteristics, together with blends of other ingredients, in order to contribute to
balance sensorial characteristics and nutritional profile. Some scientific research has
been performed in different types of products, with the aim of assessing its quality and
testing different effects on processing methods. Promising results have been achieved
but further research is needed for the development of each specific new rice-based
product.

Methodology for the benchmarking
During the Market Revision 200 products were found. The search for the products was
performed using following methodology:

= The keyword rice was used in the search areas of the different online shops;

11
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= Supermarkets from Portugal, Spain, France and England were screened
through the on-line shop channel. Specifically: Continente, El Corte Inglés,
Carrefour, Tesco and Whole Foods Market;

» The online shopping websites: Amazon, Naturitas, Vitalifehealth, Shopkindly;

=  Websites of the products manufacturers: Eduard & Sons, Fantastic, Gullon;

= When using the search engine “Google”, the keywords rice, rice products,
innovative rice products were selected,;

» The products were divided into 10 categories, according to their types;

*  When similar products were found, only one was considered,;

* Products of the same brand, with different flavours/types were all listed.
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