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Abstract

The excessive consumption of food or culinary preparation with high glycemic index and high glycemic load are important factors
that contribute to the epidemic of obesity. In this context, Chia (Salvia hispanica L.) seed has been used in human nutrition because of
its beneficial properties on health. The incorporation of Chia into preparations has been a well-studied strategy in reducing risks and
in controlling excess weight and associated diseases such as cardiovascular diseases and diabetes., the objective of the present study
was to develop and standardize culinary preparations added by chia (Salvia hispénica L.) with low glycemic index and glycemic load
in order to characterize them as culinary preparations with possible claim of functional and/or health properties. Six preparations
were developed: two options for main dishes: chicken cake and mashed cassava stuffed with jerked beef, two options for garnishing
dishes: leek soufflé and gnocchi with tomato sauce and two options for desserts: banana and cacao cream and cocoa brownie. Glyce-
mic index ranged from 18 to 36, and glycemic load from 1 to 6, being all preparations classified as low glycemic index and glycemic
load. The addition of chia has been an important factor for the adequacy of GI and GL of the preparations, most probably because of
their fiber content and bioactive compounds. All the culinary preparations developed presented GI and GL adequate and compatible

with diets for the prevention and control of obesity and associated diseases.
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Introduction

It is estimated that more than three million deaths worldwide are caused every year by overweight and obesity. The etiology of obe-
sity is multifactorial, being influenced by genetic, metabolic, environmental, behavioral and sociocultural factors that contribute to an
imbalance between ingested and spent energy. Within the food context, it can be said that the excessive consumption of products with a
high content of carbohydrates with high glycemic index are important factors that contribute to the epidemic of overweight and associ-
ated diseases (World Health Organization, 2017; ZANOTTI, 2010; World Health Organization, 2014; World Health Organization, 2003).
According to the 2010 Dietary Guidelines for Americans there are strong and consistent evidence that indicate the association between
glycemic index and body weight (Chen., et al. 2010; USDA & HHS, 2010).

The blood glucose content has important physiological impact. The rate of elevation of glycemia as well as the patterns of reduction
atbasal levels are directly influenced by the quantity and quality of the carbohydrate consumed. The curve that characterizes the pattern
of elevation and removal of blood glucose is called the glycemic response, which can be influenced by factors such as: (1) composition
and structure of the food matrix, (2) the degree and type of food processing and (3) the presence of fat, fiber and protein (Wolever, et al.
1991; Wolever & Bolognesi, 1996; Jones, 2012).

In this context, Chia (Salvia hispanica L.) seed has been used in human nutrition because of its beneficial properties on health. The
incorporation of Chia into preparations has been a well-studied strategy in reducing risks and in controlling excess weight and associ-
ated diseases such as cardiovascular diseases and diabetes. Many of these properties are attributed to the high fiber content, particularly
the soluble fibers, with high water absorption and retention capacity forming a gel capable of reducing the glycemic index of the diet.
The choice for foods with low glycemic index has been pointed out as a beneficial strategy for health promotion (Nyambe-Silavwe and
Williamson., 2016; Sociedade Brasileira de Diabetes, 2016; Salas., et al. 2017). Glycemic index (GI) of a food is defined as the area under
the glycemic response curve two hours after the consumption of 50 grams of carbohydrate of a test food, by the area under the glycemic
response curve corresponding to the consumption of the same portion of carbohydrates of the reference food (white bread or glucose),
expressed as a percentage (Wolever., et al. 1991). Foods can be classified in low (< 55), moderate (56-69) and high GI (= 70) according
to Brand-Miller, et al. (2003).

Associated to a GI concept it was used recently the glycemic load (GL) concept, since it is an overall indicator of the glycemic response
and consequent insulin demand after consumption of a portion of food. GL is obtained by the GI product of the food/meal/preparation
and its respective digestible carbohydrate content. A diet, a meal or a culinary preparation can be classified as low (< 10), moderate (11-
19), or high GL (= 20) (Sampaio., et al. 2007; Venn and Green., 2007).

A very important aspect regarding to overweight determinants concerns increasing consumption of ultraprocessed foods and con-
venience products. Current trends show that people have spent less time preparing their own meal, often because they lack the culinary
skills. Recent researches have demonstrated important positive results from acquiring cooking skills and preparing one’s own meals at
home, which include improved diet quality and weight loss. They also show that individuals with higher levels of cooking skills are less
likely to opt for convenience products. Hence the importance of producing technical-scientific knowledge regarding culinary prepara-
tions in order to provide information about the interaction between the ingredients that make them is very important and above all
needful (Lahne, Wolfson, and Trubek., 2017; Lavelle., et al. 2017; Louzada., et al. 2017; Trubek,, et al. 2017).

Taking into account the negative impact of excessive consumption of ultra processed foods and convenience products, associated
with the importance of encouraging the acquisition of cooking skills, the objective of the present study was to develop and standardize
six culinary preparations added by chia (Salvia hispanica L.) with low glycemic index and glycemic load in order to characterize them
as culinary preparations with possible claim of functional and/or health properties for use in diets for the control of overweight and

associated diseases.
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Materials and Methods

Considering the types of dishes that will compose a specific menu (ABREU, E. S., SPINELLI, M. G. N, PINTO, 2007), the culinary
preparations were chosen in order to characterize three categories of dishes: main dish; garnishing dishes, and desserts. Six prepara-
tions were developed: two options for main dishes: chicken cake (CHI) and mashed cassava stuffed with jerked beef (CAS), two options
for garnishing dishes: leek soufflé (SUF) and gnocchi with tomato sauce (NHO) and two options for desserts: banana and cacao cream
(BAN) and cocoa brownie (BRO). All preparations were added by chia, in whole seed, powdered seed or flour, in amounts ranging from

1.5 to 21% relative to the total weight prepared.

Development and standardization of culinary preparations: six preparations were developed in the Laboratory of Dietary Technique
of the Institute of Nutrition of University of the State of Rio de Janeiro, which were standardized using our own Standard Recipe Model,
elaborated based on the definition of the terms “standard recipe” and “technical file” by the Chain Thesaurus Food (Brasil. Ministério da
Satde, 2017). For the establishment of the portion size of the culinary preparations, the Food Portion Table for Nutrition Labeling (AN-
VISA, 2003) was taken as reference, taking into account the average energy value per serving of the Food Group which normally belongs

to the main dishes, garnishing dishes and desserts.

Determination of nutritional composition: protein analysis was performed according to method 942.05 described by AOAC (AOAC,
1995). Total lipids were determined by Bligh; Dyer (Bligh and Dyer., 1959). Total dietary fiber was calculated using the Brazilian Food
Composition Table as the data base (NEPA. Nucleo de Estudos e Pesquisas em Nutri¢do, 2011).

Calculation of the glycemic index (GI): the GI of the preparations was determined using the protocol proposed by the World Health
Organization (World Health Organization, 1998) according to the following equations and steps:

JG:"‘E;‘

W CHOing|total

IGing|prep =

CHOing (g)x100
CHOtotal ( g)

%CHOing|total =

Identification of the total glycemic carbohydrate (in grams) of each ingredient in the preparation.
Determination of the proportion of glycemic carbohydrate of each ingredient in relation to the total glycemic carbohydrate of the
preparation (%CHO ing|total).

3. Location of the GI of each ingredient (using white bread as reference) in a specific table (Foster-Powell, Holt, and Brand-Miller,
2002).

4. Determination of the contribution of each ingredient to the GI of the preparation: GIref of the ingredient by the proportion of its
glycemic carbohydrate, relative to the glycemic carbohydrate of the preparation: Gling|prep.

5. Determination of the GI of the preparation, by the sum of the values obtained in the previous item.

Calculation of the glycemic load (GL): the GL of the preparations was determined according to the protocol proposed by Liu Willett
(Liu and Walter C Willett., 2008) according to the equation below:

_ Glprep x CHOportion (g)

= 100
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Results and Discussion
Portion size, nutritional composition, glycemic index and glycemic load of the culinary preparations are described in Table 1.

Although GI is usually determined in individual foods, there are methods by which the GI and GL of usual diet, meals or culinary
preparations can be estimated mathematically (Wolever and Jenkins., 1986; Salmeroén., et al. 1997). World Health Organization (World
Health Organization, 1998) recommends a protocol for calculating GI of meals and diets, in which it uses GI data of foods available in
theoretical tables. In the present work, the GI values of the preparations were estimated according to the WHO protocol from the GI val-
ues (Theoretical and available in the tables) of each ingredient used in the culinary preparation. It is worth mentioning that the present
work is the first to present estimates of GI and GL of culinary preparations. We find in the literature only a work by Portero-McLellan
(Portero-McLellan,, et al. 2010) which, using the same methodology, estimated the GI and GL of hospital diets for patients with diabetes
mellitus. The authors concluded that it is extremely important to consider dietary GL in addition to the GI, considering carbohydrate

quality and carbohydrate content in foods, resulting in a more precise monitoring of glycemic control.

Preparation | Portion Energy CHO (g) Protein Lipids (g) | Fiber (g)* | IG** CG***
(8) (Kcal) (8)
CHI 80 125 5.7 15.5 4.5 1.9 18 1
CAS 55 125 16.3 6.5 3.8 1.1 36 6
SUF 95 150 12.6 7.8 7.5 1.9 18 2
NHO 185 150 219 4.8 4.8 6.6 27 6
BAN 40 100 15.9 3.0 2.7 1.0 20 3
BRO 25 100 8.7 2.0 6.3 0.9 24 1

CHO: carbohydrate. GI: glycemic index. GL: glycemic load. CHI: chicken cake. CAS: mashed cassava stuffed with jerked beef
(CAS). SUF: leek soufflé. NHO: gnocchi with tomato sauce. BAN: banana and cacao cream. BRO: cocoa brownie. *Calculated
(NEPA. Ntcleo de Estudos e Pesquisas em Nutri¢do, 2011). **All preparations were classified as low glycemic index: < 55
low GI, 56-69 moderate GI, = 70 high GI (Brand-Miller, ]J.C.; Burani, ].; Foster-Powell, K.; Holt., 2003). ***All preparations
were classified as low GL: < 10 low GL, 11-19 moderate GL, = 20 high GL (Sampaio., et al. 2007).

Table 1: Portion size, nutritional value (per portion), glycemic index and
glycemic load of the culinary preparations. Rio de Janeiro/R]/Brazil.

Figure 1 illustrates all preparations, which consist of rereadings of the traditional preparations, ie there was a concern to keep both
the ingredients and the preparation techniques as close as possible to the originals. The idea was to improve the quality of the prepa-
rations for GI and GL by adding an ingredient known to have functional potential due to its high content of soluble fibers and other

bioactive compounds.

The physical-chemical and functional properties of the chia seeds, as well as their by-products, motivate the use of this food with
nutritional and technological potential, considering the current trend in increasing the consumption of functional foods, making them
important ingredients for use, both in the industrial sphere and in culinary preparations, in the production of desserts, beverages,
breads, jellies, emulsions, biscuits, cooked foods, among others, and their relation with health promotion (Ferreira., et al. 2015; Capi-
tani., et al. 2012). Chia have been investigated and recommended since the 1980s due to their lipid, protein, antioxidants, and dietary
fiber content (Lin, Daniel, and Whistler., 1994; Taga, Miller, and Pratt., 1984; Bushway, Belyea, and Bushway,, 1981) and, for some time,
has focused heavily on the nutritional composition of oil and mucilage (Vazquez-Ovando., et al. 2009; Weber,, et al. 1991; Ayerza.,
1995). The outer layer of the chia seeds contains mucilage which upon being hydrated expands and envelops it with a thick layer.

This characteristic would be responsible, not only for the functional potential of chia as a body agent in foods, but also for the sense of
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sacity attributed to the consumption of seeds in humans, indicating a great potential as an ingredient with claim of functional and health
properties (Vuksan,, et al. 2010; Julio., et al. 2016).

Figure 1: Images of the preparations. CHI: chicken cake. CAS: mashed cassava
stuffed with jerked beef. SUF: leek soufflé. NHO: gnocchi with tomato sauce. BAN:

banana and cacao cream. BRO: cocoa brownie. Rio de Janeiro/R]/Brazil.

Our preparations have values of gycemic index in a range between 18 and 36, which is, all classified as low glycemic index accord-
ing to Brand-Miller (Brand-Miller, ].C.; Burani, ].; Foster-Powell, K.; Holt., 2003). The glycemic load values ranged from 1 to 6, being all
preparations classified as low glycemic load. It is important to note that when the GI and GL are used together, it is possible to obtain
more tangible information about the food in its real portions. Diets containing low GI and GL, as well as an important role in the treat-
ment of diabetes, have also been recently recommended for the treatment of risk factors and prevention of chronic diseases such as
obesity, cancer and cardiovascular disease (Jones., 2012; Sampaio., et al. 2007; Venn and Green., 2007). Our findings suggest that the set
of ingredients in the preparations not only resulted in a lower GI, but also in a lower GL. These findings indicate that the incorporation
of chia in the preparations may have contributed to the reduction of GI since many of the original ingredients of these preparations have

been retained, most of which are high glycemic index.

The important technological functional property of chia of forming a thick gel when hydrated is possibly responsible for the reduc-
tion of the GI of the preparations containing them, whether in the form of whole seed, powdered seed or flour. This is due to the fact
that this thick layer that surrounds the alimentary bolus in the intestinal lumen creates a physical barrier making digestive enzymes
access to their respective substrates, thus reducing the absorption of macronutrients, including carbohydrates (Julio., et al. 2016; Lin,
Daniel, and Whistler,, 1994).

A very strong aspect of the present work is the production and availability of technical-scientific information to contribute to the
research in the context of the rescue of the cooking skills and reinforcement of contemporary traditional food standards based on con-
sumption of fresh and minimally processed foods. It is a work that supports assessments on the glycemic response of a complex food
matrix since people consume foods within a pattern of combinations between them, which certainly influences the glycemic response
of the diet as a whole. Knowing the GI and GL of culinary preparations, even if it is by mathematical estimation, is extremely important

to subsidize healthy food choices that are related to the prevention of obesity and associated diseases.
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Conclusion

All the culinary preparations developed presented GI and GL adequate and compatible with diets for the prevention and control of
obesity and associated diseases. The addition of chia has been an important factor for the adequacy of GI and GL of the preparations,
most probably because of their fiber content and bioactive compounds. It was concluded that it was possible to develop and standardize
six preparations, to compose options of main dishes, garnishing dishes and desserts of a menu, added by chia, in various concentrations,

with low glycemic index and low glycemic load.
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