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RESUMO
SILVA, Barbara Pereira da, M.Sc., Universidade Federal de Vigcosa, Fevdee 2016.
Concentragdo de nutrientes e compostos bioativos em chi&alvia hispanica L.),
gualidade proteica e biodisponibilidade de ferro em ratosVistar. Orientadora: Helena
Maria Pinheiro Sant’Ana. Coorientadoras: Ceres Mattos Della Lucia e Hércia Stampini

Duarte Martino.

A chia (Salvia hispanicd..) vem sendo consumida pela populacdo mundial devido as suas
propriedades funcionais e alta concentracdo de acidos graxos essenciai® fitoteinas.
No entanto, € necessario caracterizar a concentracdo de nutrientesmesdes de chia
cultivadas no Brasil. Assim, o presente estudo objetivou analisar a aiareéconcentracao
de macro e micronutrientes, carotenoides, flavonoides, acido fiticone &m sementes de
chia cultivadas em dois locais distintos, assim como avaligualidade proteica e a
biodisponibilidade de ferro nas sementes, uma vez que estudos nesske Ipdgsguisa sao
escassos. Foram utilizadas sementes de chia cultivados em Catuipe, Rio G&rnd&8pe
Jaciara, Mato Grosso (MT). As sementes foram moidas e armazemadaaces de
polietileno recobertos com papel aluminio em freezer até o momentondéses Foi
determinada a concentracdo de umidade, lipidios, proteinas, carboidratoslifilentar
total, cinzas totais e minerais presentes nas sementes de ghiasttgacado de carotenoides
(luteina e zeaxantina), vitamina C (acido ascérbico), flavonoides (3-demianidinas - 3-
DXAs, flavonas e flavanonas) foi realizada por cromatografia liquida deeéttiéncia
(CLAE), com deteccdo por arranjo de diodos, enquanto a analise de vitamina E (a, B, v, 0
tocoferois e tocotrienois) foi feita por CLAE, com deteccéo por fluorescéhaapacidade
antioxidante, concentracdo de fendlicos totais, fitato e taninos foralmadea por
espectrofotometria. Além disso, foi avaliada em r&lfistar, a qualidade proteica da semente
e farinha de chia por meio do coeficiente de eficiéncia alimentar (Cio&Y¥iciente de
eficiéncia proteica (PERrazéo proteica liquidd\NPR) e digestibilidade verdadeira (DV) e a
biodisponibilidade de ferro da farinha, utilizando o método de deplecédgaepldée
hemoglobina. Para andlise estatistica dos compostos presentesmesites na chia, foi
utilizado o teste t para comparacao de duas amostras. Para @ dadjisalidade proteica, os
dados obtidos foram submetidos a ANOVA. As médias dos grupos testes torgraradas
pelo teste de Duncan. No ensaio de biodisponibilidade de ferro, para aealauwse
diferenca entre os grupos experimentais quanto ao ganho de peso, CEA, ganho de
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hemoglobina e marcadores moleculares, foram realizados a ANOVAsteode Newman
Keulls. O nivel de significancia estabelecido para todos osstémt&%. Os dados foram
analisados com auxilio do software estatis&fRSS versao 20.0. A chia apresentou alta
concentracdo de lipidios (31,2 g.108, gm média), proteinas (18,9 g.106, gm média) e

fibra alimentar total (35,3 g.100'gem média). A chia cultivada no RS apresentou maior
(p<0,05) concentragdo de ferro, manganés, boro, chumbo, aluminio, nitrogénio e fésforo. A
concentracdo de vitamina E total nas sementes de chia f67@®8,43ug.100 ¢ e 7024,59
1g.100 ¢ para a sementesiltivada no RS e MT, respectivamente), sendo y-tocoferol o
componente principal encontrado (703145129,54 1g.100 ¢, em média). Os carotenoides
foram identificados apenas na semente cultivada no RS e a ocoaéndgtamina C e 3-
DXAs nao foi observada nas duas sementes. Observou-se valores s@aalkacompostos
fendlicos totais e acido fitico nas sementes de chia (p>0,05). A conéentla¢aninos foi
superior(p<0,05) na chia cultivada no Mato Grosso (19,08 + 1,08 eq. catequina/g ajostra
em relacdo a cultivada no Rio Grande do Sul (14,93 £ 0,24 eq. catequinaftaprdoshia
cultivada no RS apresentou a maior (p<0,05) atividade antioxidante (478,2 + 0,02 umol
TEAC/g de amostra) em relacdo a cultivada no MT. Os valores de FER,eNDV nao
diferiram (p>0,05) entre os animais alimentados com diferentes formestalmanto da chia

e foram inferiores ao grupo controle (caseipa),05). Os animais que foram alimentados

com dietas testes apresentaram concentracfes de glicosdglitgameos (TGL) e
lipoproteina de muito baixa densidade (VLDinferiores (p<0,05) e lipoproteina de alta
densidad@IDL superior (p<0,05) aos animais que consumiram caseina. O peso do figado dos
animais alimentados com chia néo diferiu (p>0®%i inferior (p<0,05) ao grupo controle.

A espessura das camadas musculares do intestino e a profundidadeptdas foram
superiores (p<0,05) nos grupos alimentados com chia. No experimento biodisponibilidade do
ferro observou-se consumo de ferro e ingestéo total menores nos animais que receberam dieta
rica em gordura (p<0,05). O ganho de peso corporal, concentragdo de hemoglobina, aumento
de hemoglobina, eficiéncia de regeneracdo da hemoglobina (HRE%) e vabgicoiada
eficiéncia de regeneracdo da hemoglobina (RBV-HRE) nao diferiu (p>0,05)srjrepos
experimentais (p>0,05). O grupo alimentado com dieta padrdo + chia (SD + C) apresentou
menor expressao de transferrina, quando comparado com o grupo de controle (dieta padr
sulfato ferroso)p<0,05). A expressao da ferritina foi inferior (p<0,05) em todos os grupos
experimentais quando comparados ao controle. A expressdo do gene peroxissoma
proliferador ativado por receptar(PPAR#a) em animais alimentados com SD + C foi maior
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do que no grupde controle (p<0,05). A expressdo génica de citocromo b duodenal (DcytB)
e transportador de metal divaleni2MT-1) foi maior (p < 0,05) no grupo alimentado com
dieta hiperlipidica + chia (HFD + C). No entanto, a expressédo de hephdestinierior
(p<0,05) em todos 0s grupos experimentais em comparagdo com O grupo controle e a
expressdo génica de ferroportina foi infer{pr0,05) nos animais alimentados com chia.
Animais alimentados com a dieta rica em gordura apresentaram biodibgadédo ferro
da chia semelhante aos animais alimentados com uma dieta.p&dréconcluséao, a chia
apresentou elevada concentracdo de vitamina E, acidos graxos palisidss, fibra
alimentar, atividade antioxidante, ferro, calcio, manganés e zincm. dikso, o consumo de
chia por ratos resultou em boa digestibilidade proteica, efeito hipogio e melhora no
perfil lipidico, reduzindo, ainda, a deposicdo de gordura no figado dos animais eorto
periodo de tempo (28 dias), e também promoveu alteracdes no tecidoahtasinentando
a sua funcionalidade. Animais alimentados com dieta rica em gorgueseataram

biodisponibilidade do ferro da chia semelhante aos animais alimentados comafi&ta pa
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ABSTRACT
SILVA, Barbara Pereira da, M.Sc., Universidade Federal de Vicosa, Fgbr2@i6.
Concentration of nutrients and bioactive compounds in chia Salvia hispanica 1.),
protein quality and iron bioavailability in Wistar rats. Adviser: Helena Maria Pinheiro

Sant’Ana. Co-Advisers: Ceres Mattos Della Lucia and Hércia Stampini Duarte Martino.

Chia (Slvia hispanical.) has been consumed by the world population due to their functional
properties and high concentration of essential fatty acids, dietary fidggratein. However,

it is necessary to characterize the nutrient concentratiohianseeds grown in Brazil. The
present study aimed to analyze the occurrence and concentration of matro a
micronutrients, carotenoids, flavonoids, phytic acid and tannin in chia geeds in two
different places, as well as evaluating the protein quality apalvailability of iron in the
seedssince studies in this research field are scarce. Chia seeds usegraven in Catuipe,

Rio Grande do Sul (RS) and Jaciara, Mato Grosso (MT). The seeds were ground and stored in
polyethylene bags covered with foil in a freezer until the moment olysaa The
concentration of moisture, lipids, proteins, carbohydrates, dietary fiber, miaachtstal ash
present in chia seeds was determined. The carotenoid investigat®n @nd zeaxanthin),
vitamin C (ascorbic acid), flavonoids (3-deoxiantocianidins - 3-DXAsjdihes, flavanones)
was performed by high-performance liquid chromatography (HPLC) with detegtidiotbe
array, while vitamin E analysis (o, B, y, 6 tocopherols and tocotrienol) was made by HPLC
with fluorescence detection. The antioxidant capacity, concentrationtalf ghenolics,
phytate and tannins were carried out by spectrophotometry. Furthermore, allablaun
Wistar mice the protein quality of chia seed and chia flour by feedesftigiratio (FER),
protein efficiency ratio (PER), net protein ratio (NPR) and true digestilfilid) and iron
bioavailability was evaluated using the hemoglobin depletion/ repletiethod in animals

fed with standard diet and high fat diet. For the analysis of compounds preséig seeds,

we used the t test to compare two samples.skatisticalanalysis of protein quality, data
were submitted to ANOVA. The average test groups were compared by Duncan test. The iron
bioavailability experiment, to evaluate the differences betweergtbups on weight gain,
CEA, hemoglobin gain and molecular analysis it were performed ANOVAFen8lewman
Keulls tests. The significance level for all tests was 5%. Da&tee analyzed using the
statistical software SPSS, version 20.0. There were high lipid (31.2 ¢*.@h gverage),
proteins (18.9 g.100 g on average) and total dietary fiber (35.3 g.100 @n average)
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concentrations in chia seeds. The chia that has grown in RS hadher K§m<0.05)
concentration of iron, manganese, boron, lead, aluminum, nitrogen and phosphorus. The
concentration of total vitamin E in the chia seeds high (7038.43 ng.100 g and 7024.59
1g.100 ¢ for the seedsrown in RS and MT, respectively), being y-tocopherol the major
component found (7031.54129.54 ng.100 ¢', on average). The carotenoids were identified
only in the chia grown in RS and the occurrence of vitamin C and 3-DXa&sTwat observed

in the chia seed grown in RS and MT. Similar values of total phermtipcounds and phytic
acid were observed in the chia seeds (p>0.05). The concentration of tansirnsgher
(p<0.05) in the seed grown in Mato Grosso (19.08 +1.08 eq. catequina/g sample)ttien i
seed grown in Rio Grande do Sul (14.93 £+ 0.24 eq. catequina/g $a@ipie grown in RS
showed the highest (p<0.05) antioxidant activity (478.2 + 0.02 umol TEAC/g sample
compared to that grown in MT. In the study of protein quality it were obkedseeds and
chia flour with and without heat treatment. The values of PER, NPR ¥raidbnot differed
(p>0.05) among the animals that were fed with chia and were lowerhbaromtrol group
(casein). The animals fed with tests diets showed lower conéensrabf glucose,
triacylglycerides (TGL) and very low density lipoprotein (VLDL) andher concentrations

of high-density lipoprotein (HDL) (p<0.05) than the control group. The liver weights
animals that were fed with chia seed and chia flour did not differed (p>0.05)exadower
(p<0.05) than the control group. Crypt depth and thickness of intestinal niagete were
higher (p<0.05) in groups that were fed with chia seed and chia flour. THeioarmailability
experiment of chia flour showed that the animals fed with high fat detshailar iron
bioavailability of chia compared to animals fed with standard @le¢ total consumption and
iron intake were lower in animals which received high fat diet (p<0.05)y Badght gain,
hemoglobin concentrations, hemoglobin gain, hemoglobin regeneration efficieR&24{H
and biological value of hemoglobin regeneration efficiency (RBV-HRE) did rfterek
among the experimental groups (p>0.05). The standard diet + chia (SD + C) groud showe
lower expression of transferrin when compared to the control group (standard diet + ferrous
sulfate) (p<0.05). Ferritin expression was lower (p<0i@5all experimental groups when
compared to the control. The peroxisome proliferator-activated recegRitAR-a) gene
expression in animals fed with SD + C wgher than in the control group (p<0.05). The
MRNA expression of duodenal cytochrome b (DcytB) and divalent metal tragrsokdT -

1) was higher (p<0.05) in the high fat diet + chia (HFD + C) group. However, éstpha
expression was lower (p<0.05) in all experimental groups compared to the controagdoup
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the gene expression of ferroportin was lower (p<0.05) in the groups fed with chia flour. In
conclusion, chia exhibits high concentration of vitamin E, polyunsaturatgdatadls, dietary
fiber, antioxidant activity, iron, calcium, manganese and zinc. Morgtwe consumption of
chia showed good protein digestibility, hypoglycemic effect, and imgrtive lipid profile,
reduced fat deposition in the liver of animals in a short period of time (&9,dand also
promoted alterations in the intestinal tissue, which increasddntdionality. Animals fed

with high fat diet showed similar iron bioavailability of chia compa@énimals fed with
standard diet.
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1. GENERAL INTRODUCTION

The genus Salvia, native from southern Mexico and northern Guatemalaemcl
approximately 900 species bamiaceaeseeds (IXTAINA; NOLASCO; TOMAS, 2008;

LU; FOO, 2002). From these species, 47 are endemic to Brazil and 61 areigrtve
northeast (Bahia), central west (Goias, Mato Grosso and Mato Grosso dso8tHgast
(Espirito Santo, Minas Gerais, Rio de Janeiro and Sao Paulo) and south (Pawana, Ri
Grande do Sul and Santa Catarina) of the country.

Chia Salvia hispanicd..) is a pseudo cereal that has been consumed by the world
population due to their protective, functional and antioxidant effects (AYERZ
COATES, 2011; GALLI; MARANGONI, 2006), attributed to the presence ofdépi
dietary fiber, protein, phenolic compounds, vitamins and minerals (CVETKO¥®1K,
2013; CAPITANIet al, 2012; MOHD AlLlet al, 2012; AYERZA; COATES, 2011). ltis
known that chia has hypoglycemic (VUKSAMt al, 2010), anti-inflammatory
(HOSSEINZADEH; MOTAMEDSHARIATY; ZIAEE, 2009), antioxidant (TOSCO,
2004), anti-hypertensive (TOSCAN@t al, 2014) ard cardio protective (AYERZA,;
COATES, 2005) actions.

The chemical composition and nutritional value of chia seed variesdig to
species, climate conditions, the growing site and soil (AYERZA; TE®, 2009), and the
energy value of the seed corresponding to 486 kcal / 100 g (USDA, 2015).

Some studies have examined the occurrence and concentration of bioactive
compounds in Mexican, Argentinian and Chilean chia seeds (BORNEO; AGUIRRE;
LEON, 2010; AYERZA, RICARDO; COATES, 2009; REYES-CAUDILLO; TECANTE
VALDIVIA-LOPEZ, 2008). However, one study (FERREIRA, 2013) evaluated the
presence of bioactive compounds such as carotenoids, vitamin E, vitamiwvaboftts
(flavones, flavanones and anthocyanins) and bioactive compounds in Brazilian seeds.

Moreover, there are no studies that evaluated the digestibility aredrpgoiality of
chia seeds and the iron bioavailability of this fdadvivo. Therefore, it is necessary to
evaluate the nutrients and bioactive compounds in chia seeds gr@narih as well as to

evaluate the protein quality and the bioavailability of inorivoin these seeds.
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2. LITERATURE REVIEW
2.1. Nutritional value of chia and the functional effects of chia consumption

The chemical composition and the nutritional value of the chia seads
according to the species, climatic condition, growing site and typoibf(AYERZA,;
COATES, 2009). The energetic value of the seed corresponds to 486 kcal/100g, (USDA
2015) and its main components are lipids and dietary fibers, althoughsib isighlighted
in protein and bioactive compounds as phenolics, carotenoids and vitamins.

The concentration of lipids in the chia seeds vary from 30 to 38%, vvbith
about 70% correspond to linoleic acid (w-3) and 19% to linoleic acid (w-6) (FERREI
2013; BHATTY, 1993). Chia is source of dietary fiber (about 30%), mainly of the
insoluble type, which correspond to approximately 95% of the total fiber concemtrati
(FERREIRA, 2013; VAZQUEZ-OVANDGet al, 2009; MONROY-TORRES®t al, 2008;
CAHILL, 2003). Moreover, the seed has high protein concentration (18 to 25%)
(AYERZA; COATES, 2004).

Regarding the micronutrients concentration, chia is rich in vitamandecomplex
B vitamins, such as riboflavin (0.17mg/100g), niacin (8.82mg/100g) ad thiamine
(0.62mg/100g). In addition, chia has high calcium concentration (631mg/100g),
phosphorus (860mg/100g), potassium (407mg/100g), magnesium (335 mg/100g), iron
(7.72 mg/100g) and zinc (4.58 mg/100g) (USDA, 2015).

The regular ingestion of chia seed can accelerate the intestinal movementhaue to t
guantity of insoluble fibers, which increases the volume of the faeca amasprovides
satiety, preventing the obesity and colon cancer in humans. Furthermore, tdre@res
insoluble fiber is related to the control of diabetes (YUd&tiN\al, 2014; CAPITANIet al,

2012; VAZQUEZ-OVANDOet al, 2009).

2.2. Protein quality

The proteins are the main structural compounds in all the cells imuthan body
and are important to the construction and maintenance of tissues, enzymgofgrma
hormones, antibodies, in the regulation of metabolic processes, bpsigekng energy
(MAIHARA et al, 2006).

Proteins provide amino acids that are classified in three categthréesessentials
(histidine, isoleucine, leucine, lysine, methionine, phenylalanine, threonine, tryptopghan a
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valine) that should be consumed through the ingestion of food; the non-esstatiadse
supplied by the organism in normal physiological conditions (cysteinejrigraglycine,
arginine, glutamine, proline, serine) and the conditionally essentials, foh e food
ingestion is essential in certain stages of life such as thetlghase, pregnancy or in
specific physiological conditions (pathologies or compromised immunologicalitmn
(KIRBY; DANNER, 2009).

Although chia stands out regarding its polyunsaturated fatty acidertoakon
and profile and dietary fiber, the amino acids profile present in chiandbédsas limiting
factor in relation to adults diet (BUSHWAY; BELYEA; BUSHWAY, 1981 hd same is
not observed in children, once the limiting amino acids are threonimeeg Iggad leucine
(WEBER; GENTRY; KOHLHEPP, 1991). Chia protein digestibility related the
percentage of this nutrient that is hydrolyzed by the digestive enzymes and abgdtieed b
organism in form of amino acids or any other nitrogen form (PIRESL, 2006). The
protein nutritional quality varies according to its source, once the \@gesthas low
biological value, mainly because they are poor in some essentialo aatids
(BOAVENTURA et al.,2000).

Studiesin vivo that analyzed chia protein quality are scarce. Thus, it is of major
interest to evaluate the protein quality of this food because it is a relevant aspect for huma

nutrition.

2.3. Iron bioavailability

Iron is the fourth more abundant element in nature, constituting about 4.7% of earth
surface. Despite this abundance, the iron deficiency is the mostlgmevaitritional
deficiency in the world, reaching more than 2 billion people. The iron defigianemia is
highly prevalent in underdeveloped countries, mas also continues to be anpriabl
developed countries, where other malnutrition forms have been already erhdicate
(SILVA; MURA, 2011; STOLTZFUS; DREYFUSS, 2002).

This mineral has many functions such as: participation in protein fammat
including hemoglobin and myoglobin, participation in the process of regulation and
differentiation of growth cells, neurological functioning and myelin formation (AING-
KINZLER et al, 2002; EVSTATIEV; GASCHE, 2010).



The term bioavailability is defined as the proportion of the quaatity nutrient
that is ingested and is absorbed by the intestine, then being usebe bigotly
(COZZOLINO, 2012; JACKSON, 1997). The bioavailability related to iron is thasure
of the dietary iron fraction that is able to be absorbed by the gastrmatésict and to be
stored and incorporated to the heme iron (BRIGHDEI.,2011).

There are two types of iron in the diet: the non-heme iron that is predentls of
plant and animal origin and the heme iron, found in foods of animal origimdrmé&eme
iron is the main form present in the diet, mas its bioavailabilipedds on the presence of
other dietary factors that act increasing or inhibiting its absorptiorhenduodenum
(HURRELL; EGLI, 2010).

The non-heme iron is found in the form of F@erric). For it to be absorbed, it has
to be reduced to the ferrous form {Be through the action of duodenal B-cytochrome
(Dcytb) that is located in the apical membrane of the enterocytby tire presence of
exogenous dietary reductive agents, such as the ascorbic acid. The reclucedarried
to the interior of the enterocyte through the divalent metal transpor{(&MTI1)
(ANDREWS, 2002; GROTTO, 2008; GUNSHigt al, 1997).

Reaching the interior of the cell, the iron is release from the protoporgdiytime
heme oxygenase, and after being released, will be part of the sarhemenron pool,
being stored in the form of ferritin or released from the enterocyte tddbd through the
ferroportin. The ferroportin is an iron exporter that is located in the baesalatembrane
of the cells (ABBOUD; HAILE, 2000). The iron in its ferrous form is re-oxidibgadhe
ferroxidase hephaestin to the ferric form, thus being transported in the bdaodst the
liver, spleen and medule by the transferrin. The iron is stored in the form oh fendt
hemosiderin, and the last one corresponds to the degraded ferritin (GROTTO, 2008;
VULPE et al, 1999).

The iron homeostasis occurs due to the presence of two key meahaniee first
one if the intracellular mechanism that controls the input and output cdawsrding to
the quantity of this mineral that the cell has. To avoid thessxg&free iron or the lack of
it inside the cell, iron regulatory proteins (IRP1 and IRP2) control the posttiptional
expression of the capture and storage modulatory genes (GROTTO, 2008).

On the other hand, the systemic mechanism has as its es$emtredne the

hepcidin that control the use and storage of iron according to the ingefstioa mineral.
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Hepcidin is synthetized by the liver in the form of 84 amino acid (aapepbide and
subsequently processed and secreted in the bloodstream (GANZ, 2006; GROTTO, 2008).

Ferroportin is the receptor of Hepcidin and the interaction Hepcidin-ferroportin
controls the iron levels in the enterocytes, hepatocytes and macrophgddefcidin-
ferroportin complex is internalized in the domains of the basolateral meentwf
macrophages and the ferroportin is degraded, blocking the release of irbedercells
(NEMETH et al, 2004). The reduction of iron flow to the plasma results in a low
saturation of transferrin and less iron is release to the developmém efythroblast
(GROTTO, 2008).

Studies that assess the bioavailability of iron have used the egpre§snRNA
and DMT-1, Dcytb, ferroportin and hephaestin to verify the iron absorption by the
organism, thus allowing a better understanding of the mechanismsd retat¢he
homeostasis of this mineral (GANZ, 2006; NICOLAS4d., 2002; SONNWEBER, 2011;
TAKO; BLAIR; GLAHN, 2011; TAKOet al, 2013).

There are no study that assessed the iron bioavailability inhibeseeds, thus
being important to determinate it in order to contribute with dagardéng the benefits of

this food to human health.
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3. OBJECTIVES

3.1. General Objective

To compare chia seed$dlvia hispanical.) grown in two diferents places in

Brazil regarding the occurrence and the concentration of macro and microsyagwnell

as to determine its protein quality and iron bioavailabilitMistar rats.

3.2. Specific Objectives

3.2.1.

3.2.2.

3.2.3.

3.2.4.

3.2.5.

3.2.6.

3.2.7.

To evaluate the chemical composition (moisture, lipids, carbohydratearydie
fiber, ash and protein) in chia seeds;

To determine the occurrence and concentration of minerals (iron, zinncalc
magnesium, manganese, copper, boron, lead, cadmium, chromium, sodium,
potassium, sulfur, aluminum and nickel) in chia seeds;

To determine the occurrence and concentration of carotenoids (lutein and
zeaxanthin) in chia seeds;

To analyze the occurrence and concentration of vitamia, B, (y, & tocopherols

and tocotrienols) and vitamin C (ascorbic acid-AA) in chia seeds;

To determine the occurrence and concentration of flavonoids: flavones ifiuteol
apigenin),  flavanones  (eriodictyol, naringenin),  3-deoxyantocianidins
(luteolinidina,  apigeninidina,  7-methoxy-apigeninidina and  5-methoxy-
luteolinidina); total phenolic compounds; antioxidant activity; tanaimd phytate

in chia seeds

To assess the protein quality of untreated and thermally treated etiarse flour,

as well as its action in the homeostasis of lipid and glucosenathe ihepatic and
intestinal integrity inWistarrats for 28 days;

To assess the iron bioavailability of Brazilian chia flour, asl wslthe genic
expression of proteins concerned in the metabolism of irdNistar rats fed with
high-fat and standard diet.
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4. GENERAL METHODOLOGY
This study was divided into three stages which are: nutritional aleaization and
bioactive compounds of chia, evaluation of protein quality of chia seedhanflaur and

evaluation of iron bioavailability in chia.

4.1. Working Sites
The phases developed in this study were performed in the following laboratories:

e Vitamin Analysis Laboratory (Nutrition and Health Department/UFV): anabfsis
vitamins, carotenoids and bioactive compounds;

e Food Analysis Laboratory (Nutrition and Health Department/UFV): analysis of
macronutrients;

e Experimental Nutrition Laboratory (Nutrition and Health Department/UFV):
analysis of protein quality and iron bioavailabilityvivo;

e Soil Analysis Laboratory (Soil Department/UFV): analysis of minerals;

e Structural Biology Laboratory (General Biology Department/UFV): histological
analysis;

e Lipids Laboratory (Food Department/UFV): analysis of fatty acids;

e Monogastric Nutrition Laboratory (Nutrition and Health Department/UFV):
analysis lipids;

e Clinical Analysis Laboratory (Health Division/UFV): biochemical asaéy

4.2. Raw material

Chia seedsSalvia hispanical.) produced in Brazil and grown in two different
locations: Catuipe, Rio Grande do Sul (RS) and Jaciara, Mato Grosso (MT) were used. The
analyses were performed on individual basis for each seed. In the laboratssets
were ground in a knife mill with a particle size of 850 micrometers. Substyguthe
flours were packed in polyethylene bags covered with aluminum foil and storad i

freezer (-18 + 1° C) until the time of analysis.
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4.3. Analysis of the chemical composition

The determination of lipids was performed in triplicate and followed the
methodology proposed by AOCS (2009), while determination of ash, protein, moisture,
total dietary fiber and carbohydrates were performed in triplicate accordintet
methodology proposed by the AOAC (2012).

4.3.1. Lipids

For the determination of lipid concentration it was used a fat eatralgvice
(AOCS, 2009). It was weighed 1g of sample and it was wrapped in filter Dagdags
were sealed in specific sealer and placed in incubator (New E#0a@®ND, Brazil) for
drying for 3 hours at 105° C. Then the bags were placed in the extractiggmeaqui
(extractor XT15, Ankom). The extraction occurred with filter bag sealed usingjgaen
ether and elevated temperature (90-100°C). At the end of the analysianples were
removed from the equipment, dried in an oven (New Etica® 400/6ND, Sao, Baakil)
for 30 minutes at 105° C, and subsequently weighed.

The amount of lipid in the sample was calculated using the following formula:

% Lipids = 100 x (W— W5)
W

Where:

W, = Weight of the sample

W, = Weight of fresh sample + bag filter
W3 = Weight of dried sample + bag filter

4.3.1.1. Derivatization of lipids and chromatographic conditions forfatty acids

analysis

150 mg of sample was weighed into a 30 mL test tube (Pyrex 9826) ali ek
1mL of internal standard (triacylglycerol the tridecanoic acid, 5 mgéhibroform), 50
mg of pyrogallic acid and 1mL of ethanol 95%. The samples were subjextacid
hydrolysis with 5 mL of HCI 8.3M and stirred in thermostatically controlteth

(Marconi, MAQ093, Brazil), at 75°C temperature for 40 min. After cooling at room
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temperature, 12 mL of ethyl ether was added and each tube was shaketerrsivaker
for 1 min.

Then 12 mL of petroleum ether was added and again stirred. Thewverees
centrifuged (centrifuge Hermle®, Z216MK model, Germany) at 2865 g for 10 mithand
upper phase (ether) was transferred to another tube. The solvenbwigsestaporated in
thermostatic bath (Marconi, MA093, Brazil) at temperature below 40°C usirggen
gas. Then it was added 1 mL of boron trifluoride 7% in methanol and 0.5 mL ofi¢olue
The tubes were well covered and placed in boiling bath for 45 min.

After cooling at room temperature 2.5 mL of water, 1 mL of hexane and 0.5 g of
anhydrous Nz50, were added. After mixing, the tubes were left to stand until phase
separation and then the upper phase was transferred to a vial. Ongtaniofothe
samples was analyzed by gas chromatography (GC 2010 Plus, ShimadzataimrkGC
solution) equipped with autosampler AOC-20, flame ionization detector (&id) a
capillary column of fused silica (Supelco, SP-2560, cyanopropyl polysiloxad®®isim
x 0.25 mm of internal diameter and 0.25 mm of thickness of stationary phase).

The column temperature programming was isothermal at 140°C for 5 ming heati
at 4°C/ min to 240°C, remaining in this temperature for 20 min. The temperafuires
injector and detector were 250°C and 260°C, respectively. The fatty aauiaetBmes
were compared with the standard and the calculations were based anarate
concentration of the internal standard, using the theoretical response ¢ddttips of the
method 1j-07 Ce AOCS.

4.3.2. Total ash

The determination of the ash concentration was held at 550° C temperature.
Porcelain crucibles in preheated oven at 550° C were weighed inicaldbglance. Then,
5 g of the sample was added to sample crucibles. A slow carbonizdtihe sample was
held on a hot plate, to exhalation of the vapor, increasing the tempdrnatbi®e C every 5
min intervals until reaching 300° C, being kept at this temperature for 30 min. The samples
were brought into oven at 550° C until obtaining constant weight and cleagtatysjray

ash.
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The samples were cooled in a desiccator containing silica geba temperature
for 30 min for later weighing in an analytical balance (Gehaka, BG2000, BrEzé ash

concentration was obtained by the following formula:

Concentration of ash (%) = (crucible weight+ asleyucible weight x 100

(crucible weight + sampie)cible weight

4.3.3. Proteins

The protein determination was carried out using the digestion, distillatodn
titration equipment of Kjeldahl. In analytical balance (Gehaka, BG2Bt#¥il) 0.5 g of
pentahydrate copper sulfate (CuSbLO), 1 g of chia and 10 g of sodium sulfate
(NaSQy) were weighed.

All materials were transferred for digestion tubes, and in theuskimood, 20 mL
of sulfuric acid (HSQ,) concentrate was added. After sealed, the tubes were taken to the
digester block. The digestion and exhaustion systems were activatedasing the
temperature every 10min by 50° up to 350°C.

After digestion, the tube containing the sample was brought to the atiistill
apparatus. In this step, 50 mL of sodium hydroxide (NaOH) solution 50% was slowly
added in the machine hopper, until the mixture shows a black coloration.

In an Erlenmeyer flask (250 mL), 50 mL of boric acikB&s) was added. The
distillation was performed until obtaining 75 mL of blue dye solution. $blktion
obtained during distillation was titrated with sulfuric acid,$&y) 0.05 mol/L until the
turning point of a phenolphthalein indicator.

The factor 6.25 was used in the calculation of the conversion of nitrogen to
proteins, according to the following formula:

% Protein =% Nitrogen x 6.25

4.3.4. Moisture
The moisture of chia was determined by gravimetric technique witdt he
employment in an oven with forced air circulation at 105°C (New Etica®,68/

Brazil). 10 g of sample was weighed in petri dish previously driedi iovan,. The plates
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containing the samples were subjected to the heat from the ovenobtaihing of
constant weight, using an analytical balance (Gehaka, BG2000, Brazil).uMoistis

obtained from the following formula:

Total solids (%) = (Plate weight + dry sample}late weight x 100

(Plate weight + wet samplBlate weight
Moisture (%) = 100- total solids

4.3.5. Total dietary fiber analysis

The total dietary fiber analysis was conducted in 5 replicates, bynggtic
enzymatic method (AOAC, 2012). The crucibles used in this analysis ekreoak
overnight in a neutral detergent (concentration 20%) and then washed wikbddigater
until removal of all the soap. Then, the crucibles were oven dried (Niea®E400/6ND,
Brazil) and placed in an oven at 525°C for 5 hours.

After this step, the crucibles were washed 5 times with 20 mL of 0 GNirHthe
normal direction, neutralizing 2 times with 10 mL of distilled watethie same direction
and 3 times with 20 mL of distilled water in the opposite direction. drbeibles were
oven dried at 105°C (New Etica® 400/6ND, Brazil) for 12 hours, cooled and weighed to
obtain the tare zero. Then, in each crucible was weighed 1 g td eeli these were
placed in an oven at 105°C (New Etica® 400/6ND, Brazil) overnight to obtain the taral.

After this step the enzymatic hydrolysis of samples was madelawdo#t beakers
(600 mL) were prepared for each sample, and therein 0.5 g of sample wéigmed.of
phosphate buffer (pH 6.0) was added and the pH of the samples was adjusted to 6.0.
Subsequently, it was added 0.1 mL of thermoresistant alpha-amylase &edkbes were
placed in a water bath (97°C) for 30 min. After this period, the beakers cooled,
adjusted the pH to 7.5 and added to 0.2 mL of protease, then incubating B@G at a
water bath for 30 min with constant agitation. After this process, éakelps were again
cooled, the pH adjusted to 4.3 and it was added 0.1 mL of amyloglucositieseg them
in a water bath at 60°C for 30 min.

The insoluble dietary fiber was determined as follows: the cruqiskgzared were
coupled to the vacuum pump and the contents of the beakers poured thedeivashed

with 30 mL of distilled water. The content was transferred back togakep and 320 mL
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of 98% ethanol heated to 60°C was added. This fraction corresponds to the soluble fiber
crucible and the residue to the insoluble fiber. The crucibles were wasgtoedwith 20
mL of 95% ethanol and twice with 20 mL of acetone and placed in an o1&5%t (New
Etica® 400/6ND, Brazil) overnight for subsequent weighing.

The residue in the crucible was washed 2 times with 20 mL of 78% etharol(v/
time with 10 mL of 95% ethanol and 1 time with 10 mL of acetone, aawk@lin an oven
at 105°C (New Etica® 400/6ND, Brazil) overnight, and cooled for 2 hours in adtsic
Subsequently, data were analyzed for total dietary fiber determinationthsifgjlowing

equation:

Total dietary fiber = 100 x (Wr-(P+A)/100 x Wr)/Ws;

Where:

Wr = mg residue;

P = % protein in the residue;
A =% ash in the residue;

Ws = mg sample.

4.3.6. Calculation of carbohydrates

The carbohydrates were calculated by difference using the following formula:

Carbohydrate = 100 - (% moisture + % ether extract + % protein fraction + %eriract
dietary fiber + % ash).

4.3.7. Calculation of total energy

To calculate the energy value or total energy intake it were usecbtiversion
factors of 9 kcal/g for lipids, 4 kcal/g for protein and 4 kcal/g for carbohyd{stERRIL,
WATT, 1955).

4.4. Determination of mineral composition
It was determined in triplicate the concentration of: iron (Fe), zinc @igjum
(Ca), magnesium (Mg), manganese (Mn), copper (Cu), boron (B), lead (Pb), cadmium
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(Cd), chromium (Cr), sodium (Na), potassium (K), sulfur (S), aluminum (Al) and nitrogen
(N) in chia seed. All material used in the analysis was previaehineralized with nitric
acid solution 10% for 24 hours and washed with deionized water (3 times).

The digestion and analysis of the minerals was performed according to @mes
al. (2003). 2 g of chia flour was weighed on an analytical balance (Gehaka, BG2000,
Brazil) in greaseproof paper and transferred to a digestion tube. Then, 10 mLcodaidri
at room temperature was added to the tube. The tubes were held istarditgek at 150°
C for 16 hours. When necessary, 5 mL of nitric acid was added to the tube.

After digestion, the tubes were cooled at room temperature. Theartiges were
transferred to a 50 mL volumetric flask, and the tubes were rinsed with dslomaer
and stirred by vortexing for 3 times. For analysis, the extracts wetedidgyppropriately
using deionized water. In the solutions which were used for the determinataicium
and magnesium were added 5 mL of strontium chloride hexahydrate solution rincorde
avoid underestimation.

The minerals were determined by atomic emission spectrometnydirctively
coupled plasma (ICP-AES) (Perkin EImer Optima 8300), with inductively cdugrigon
plasma source, and with the following conditions: power of 1300 W, cooling air flow of 15
L/min, auxiliary air flow of 0.7 L/min, air flow charger of 0.5 L/min, sampleaduction

rate of 1.5 mL/min and nebulizer Perkin Elmer.

4.5. Extraction and analysis of carotenoids, vitamins and flavonoids

Extraction and analysis of carotenoids, vitamin E, vitamin C andritaids in chia
seed were determined in five replicates. During the extraction atgsiangamples and
extracts were protected from sunlight and artificial light using amlbssgiare, aluminum
foil and blackout curtains, and protected from oxygen using hermeticalgdssantainers

and nitrogen gas environment.

4.5.1. Carotenoids

The occurrence and concentration of carotenoids (lutein and zeaxanthin) were
investigated. Carotenoids were extracted in acetone and transferreddleupetether
according to Rodriguez-Amaya (1996), with modifications proposed by Cartoab
(2014).5 g of chia flour was added of 20 mL of acetone chilled and homogenized in a
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micro grinder for 5 minutes. The resulting suspension was vacuum fitteredBuchner
funnel and the residue remaining in the extraction tube. Then, the extraesorepeats
with subsequent homogenization and vacuum filtration.

Subsequently, the split of the carotenoids from the acetone to the petedleem
was performed. The filtrate was transferred into two fractions to a sSepafahnel
containing 20 mL of cold petroleum ether, being each fraction washed witlediwater
for complete removal of acetone. It was added anhydrous sodium sulfateetdrte in
petroleum ether to remove any residual water that may have. Theexiitaet was
concentrated on a rotary evaporator (Tecnal, TE 211, Brazil) and transfeaezbtmL
volumetric flask, and the volume completed with petroleum ether.

For carotenoids analyses, 25 mL of extract was evaporated under a flow of nitrogen
gas, having the dry residue being resumed in 1 mL of acetone (HPLC ¢grhder).the
extract was filtered in filtering unities with porosidf 0.45 pm. The carotenoids were
analyzed using a high efficiency liquid chromatography system (HRBG)madzu, SCL
10AT VP, Japan) equipped with high pressure pump (Shimadzu, LC-10AT VP, Japan),
loop of 500 pL (Shimadzu, SIL-10AF, Japan), diode array detector (DAD) (Shimadzu,
SPDM10A, Japan). The chromatographic condition used for the analysis wasoagsfoll
chromatographic column Si 100 (Phenomenex Luna®, 250mm x 4mm), equipped with a
pre-column Si 100 (C18) (Phenomenex ODS, 4mm x 3mm), mobile phase composed by
hexane: isopropanol (HPLC grade, Tedia, Brazil), with the proportions of 95:5, with 1.5
mL.min* flow and injection volume of 5QL (PPINHEIRO-SANT’ANA et al., 1998).

The chromatograms were obtained at 450nm.

4.5.2. Vitamin E

The occurrence and concentration of the eight components of vitamin E (a, 3, y and
d tocopherols and tocotrienols) in chia seed were investigated. The extraction and analysis
of the components were performed according to Pintsziig-Ana et al.(2011)with some
modifications. 4 g of chia flour were added to 4 mL of ultrapure heated (&&te: 1°C).
After this stage, 10 mL of isopropanol, 1 mL of hexane containing 0.05% BHT, 5.0 g of
anhydrous sodium sulfate and 25 mL of extraction solvent mixture (hexaneaettgte,
85:15, v/v) was added. The suspension was homogenized using micro grinder for one
minute and vacuum filtered on Buchner funnel using filter paper and the keéping t
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residue in the extraction tube. Then, the extract was concentrated on aexatpoyator
(Tecnal, TE 211, Brazil) at 70 £ 1°C for 2 minutes, transferred to a volunfleisic and
the volume was completed until 25 mL with solvent mixture.

For analysis, an aliquot of 5 mL of extract was evaporated under a nitragen g
flow, and then taken up in 2 mL of hexane HPLC grade (Tedia, Brazil) aededilt
through a membrane with porosity of 0.45 micrometer (Millipore, Brazil). The
chromatographic conditions used were: HPLC system (Shimadzu Model SAL\IRA
Japan); fluorescence detector (Shimadzu RF10AXL) operating at 290 miatiercand
330 nm emission); chromatographic column (Phenomenex Luna Sil100 (250 x 4 mm, 5
um) coupled with a guard column (Phenomenex Si100 4 x 3 mm); mobile phasmehe
isopropanol: glacial acetic acid (HPLC grade, Tedia, Brazil) (98.90%6v/v/v). flow of
1 mL/min and 22 min of run time. The identification of components of vitahiwas
carried out by comparing the retention time of commercial standatidgiwise obtained

for the samples analyzed under the same conditions.

4.5.3. Vitamin C

The extraction and analysis of vitamin C (as AA) was performed accouliting t
conditions proposed by Campes al. (2009) with modifications. 5 g of chia flour were
homogenized for five minutes with 15 mL of extraction solution (3% metaphosphoric acid,
acetic acid 8%, b§0, 0.3 N and 1 mM EDTA) using a micro grinder (Marconi, MA102,
Brazil). The extract was centrifuged (Fanem, Baby 206, Brazil) at 2866 1H min and
filtered through Buchner funnel using filter paper. The filtrate was transfer@%omL
volumetric flask and the volume was completed with ultrapure water.

The extracts were filtered through filter units with porosity of Qu#b (Millipore,
Brazil). For the analysis it was used a HPLC-DAD systemni8tizu, model SCL 10AT
VP, Japan). The chromatographic conditions for AA were: chromatographic rcolum
(Phenomenex Synergi Hydro 250 x 4 mm, 4pum) coupled to guard column (Phenomenex
C18, 4 mm x 3 mm), mobile phase comprising of ultrapure water containidgPla 1
mM, 1 mM EDTA, pH adjusted to 3.0 usingsPDs; 1.0 mL/min flow and injection

volume of 50uL. Chromatograms were obtained at 245 nm.
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4.5.4. Determination of flavonoids

The main 3-DXAs (luteolinidin, apigeninidinm 7-methoxy-apigeninidin and 5-
methoxy-luteliolinidin), flavones (luteolin and apigenin) and flavanones (naringemin
eriodictyol) were investigated in chia seed. The extraction occurrexdthé addition of 2
g of chia to 20 mL of methanol: HCI (99: 1, v/v) solution. The analyzes were performed on
HPLC system (Shimadzu, SCL 10AT VP, Japan) equipped with DAD (ShintaEbu
M10A, Japan), high pressure pump (Shimadzu LC-10AT VP, Japan), loop 500 pL
(Shimadzu SIL-10AF, Japan), and a degassing system with heliuncgasiag to Yang
et al.(2012).

The flavonoids were determined by HPLC, using the following chromatographic
conditions: C-18 column (Kinetix, 150 x 4.6 mm ID, 5 pm) equipped with a C-18 guard
column (Phenomenex, Torrance, CA, 4mm x 3 mm), column temperature at 35°C and
injection volume of 100 pL. The mobile phase consisted of 2% formic aaittrapure
water (line A) and 2% formic acid in acetonitrile (line B).

The elution gradient of B was: 0-3 minutes isocratic, 10%; 3-4 mui2%; 4-5
min isocratic 12%; 5-8 min, 12-18%; 8-10 minutes isocratic 18%; 10-12118ih9%; 12-

14 min, isocratic 19%; 14-18 min, 19-21%; 18-22 min, 21-26%; 22-28 min, 26-28%; 28-
32 min, 28-40%; 32-34 min, 40-60%; 34-36 min, isocratic 60%; 36-38 min, 60-10%; 38-
45 min, isocratic at 10%. The mobile phase was degassed with helium gas at 50 kPa before
and during the analyses, the mobile phase flow gradient was: 0-36 min, 1.0hn86A38

min, 1.0 to 2 mL/min, 38-44 min, 2.0 mL/min; 44-45 minutes, 2.0-1.0 mL/min. The
chromatograms were obtained at 480 nm, 360 nm, 280 nm for 3-deoxyantocianidins,

flavones and flavanones, respectively.

4.5.5. Preparation and evaluation of the purity of carotenoids, vitamins rad
flavonoids standards

Solutions for each of the investigated components in chia seeds (lutedantrea,
AA, o-tocopherol, a-tocotrienol, B-tocopherol, B-tocotrienol, y-tocopherol, y-tocotrienol,
d-tocopherol, d-tocotrienol, Iluteolinidin, apigeninidin, 7-methoxy-apigeninidin, 5-
methoxy-luteliolinidin, luteolin, apigenin, naringenin and eriodictyol) were prepared.

The purity of the standards was evaluated by HPLC and quantification petforme

by spectrophotometry, based on the maximum absorbance according to the Lambert-Bee
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law. To perform the actual quantification of the standards the following equation was used:
C (ug/mL) = ABS x 10 / E**;,, where C = concentration; ABS = maximum absorbance

E*, m = molar absorptivity coefficient.

4.5.6. ldentification and quantification of carotenoids, vitamins and flavooids
standards

The qualitative identification of the investigated compounds was perfobyed
HPLC, by comparing the retention times obtained for the standards withtehest peaks
obtained for the samples, analyzed under the same conditions. Furthermore, the
carotenoids, flavonoids and AA were identified by comparing the absorptiomaspéthe
standard and the peaks of interest in the samples, using the DAD.

For the quantification of the compounds found in chia, standard curves were used.
The construction of calibration curves was performed by injection in duplinative
increasing concentrations of the standard solutions in the range from 0.177 tp@1840
lutein; 0.40 to 3.20ug to zeaxanthin; 0.06 to 5.88¢ AA; 1.02 to 104.21 ng to a-
tocopherol, 2.01 to 204.12 ng to a-tocotrienol; 0.44 to 167.89 to B-tocopherol; 0.32 to
154.32 to P-tocotrienol; 2.22 to 107.6 ng for y-tocopherol; 3.21 to 157.6 ng for
tocotrienol; 0.78 to 80.62 ng to d-tocopherol and 0.79 to 104.56 ng to -tocotrienol, 0.70 to
105.65 ng to luteolinidin; 0.19 to 114.08 ng to apigeninidina; 0.19 to 114.08 ng to 7-
methoxy-apigeninidin; 0.70 to 105.65 ng to 5-methoxy-luteliolinidina; 0.8 to 40fdrng
luteolin; 0.8 to 40.0 ng for apigenin; 46.4 to 0.928 ng to naringenin and 0.80 to 80.00 ng to
eriodictyol. Thus, a linear correlation between the peak areas and teed
concentration of each compound was done.

The guantification of the compounds in chia was performed from standard curves
constructed and from the regression equation obtained for lutein (y = 31.547,09x +
4662.43; R2 = 0.99); zeaxanthin (y = 23.326,28x + 5644.83=R1.00); AA (y =
2.967.843,75x - 263,100.04; R2 = 1.0€}pcopherol (y = 7.284.877,24x + 58673.13; R? =
0.98), a-tocotrienol (y = 67.799.527,73x 2449.21; R? = 1.0), B-tocopherol (y =
109.337.012,29x 96.92; R = 1.00), B-tocotrienol (y = x 1,052,509.7795 + 1838.1232; R?
= 0.99), y-tocopherol (y = 52.176.06Wx + 5,556,148.10; R? = 0.98), y-tocotrienol (y =
10,541,950.6116 + 15790.3141 ; R = 0.98), 5-tocopherol (y = 49.747.176,34x + 6091.48;

R? = 1.00), é-tocotrienol (y = 10,541,950.6116 - 15790.3141; R? = 1.00 ) luteolinidin (y =
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8141,5x - 2823.4; R? = 0.99), apigeninidin (y = 6345,7x + 8276.4; R? = 0.99); 7-methoxy-
apigeninidin (y = 6345,7x + 8276.4; Rz = 0.99) and 5-methoxy-luteliolinidin (y = 7570.4x

+ 8276.4; R2 = 0.99), luteolin (y = 4.293,2779x + 7729.2457; R2 = 0.99); apigenin (y =
6772,2x - 9650.2; R? = 0.99), naringenin (y = 2891,4+ 3067.6; R2 = 0.99) and eriodictyol
(1754,7936+ y = 3.9746; R? = 1.00). The real concentration was obtained by calculations

from the dilutions or concentrations carried out.

4.6. Determination of antioxidant activity
4.6.1. Extract preparation

2g of chia was added to 20 mL of 70% acetone solution. Then, the suspension was
stirred automatically (Marconi stirrer, MA093, Brazil) (80 g, 2 hours, 25°C). The
suspension was centrifuged (2865 g, 15 minutes) (Fanem, Baby 206, Brazil). The
supernatant was transferred to a beaker and the volume was compl&tanto with
acetone 70%. The extract was placed in amber bottle and stored izex {rd8 £ 1°C)

until the time of analysis.

4.6.2. Radical removal activity (DPPH)

In a test tube, properly protected from light, 100 pL of the extract eotamthe
previous step was added to 1.5 mL of methanolic DPBslution (1.1-diphenyl-2-
picrilhidrazila) and vortexed for 30 seconds . After 30 minutes of rest, the absoiifanc
the solution was read in a spectrophotometer (Thermoscientific, Ewrole@i6, USA) at
517 nm.

The calibration curve was constructed using 50-100 pumol/L of trolox soluti@n. T
antiradical activity (AAR) was expressed jimol trolox equivalent/g of samplaufol
trolox/g) (BLOOR 2001).

4.7. Determination of total phenolics compounds

The total phenolic compounds in the flour were determined using the- Folin
Ciocalteu method (SINGLETON, ORTHOFER; LAMUELA-RAVENTOS, 1999). For
analysis, 500 puL of prepared extract for the determination of antioxadguatcity was

added to 500 pL of Folin-Ciocalteu 20% solution and 500 pL of sodium carbonate
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solution 7.5%. Then, the solution was vortexed and left resting for 30 miamutesm
temperature (25°C).

The reading of the absorbance was performed on a spectrophotometer (Thermo
Scientific Evolution 606, USA) at 765 nm. The quantitation was performed useng t
analytical curve obtained by reading the absorbance of solutions with wliffere
concentrations of Gallic acid. The results were expressed in mguofalent Gallic acid

per gram of sample (mg EQAG/Q).

4.8. Tannin analysis

The tannin determination was performed by the vanillin/HCI reaction (BURNS,
1971) with modifications (MAXSON; ROONEY, 1972; PRICE; SCOYOC; BUTLER,
1978). 200 mg of chia was weighed and 10 mL of 1% HCI solution was added in
methanol. The tubes were placed in an automatic shaker (MarcofQ3MMBrazil) (80 g,

20 minutes, 30°C) for extraction of tannin. Then, were centrifuged (Hermle®, Z216MK
model, Germany) at 2865 g for 20 minutes. 1 mL aliquots of the supernatant were added to
2.5 mL of 1% vanillin solution in methanol and 2.5 mL of 8% HCI solution in methanol.
The absorbance reading was performed in spectrophotometer (MultiskanGo,
Thermoscientific, USA) at 500 nm.

The results were expressed as milligrams of catechin per ajrasample
according to the analytical curve of catechin. For the construction of the, @d® mg of
catechin was weighed and the volume of the volumetric flask (200 rat)oempleted
with methanol. Aliquots were taken from 5, 10, 20, 25 and 50 mL of concentrated solution
and placed in a volumetric flask of 100 mL, adjusting the volume wittadagion of

methanol and the absorbance reading was performed at 500 nm.

4.9. Determination of phytates

The concentration of phytate was determined by spectrophotometry acctarding
Latta and Eskin (1980) method with modifications (ELLIS; MORRIS, 1986). For the
extraction of phytate it was weighed 0.1 g of chia flour and added 5 mL of 2@% H
remaining under horizontal stirring for 12 hours at 80 g. The extract contam@nmhitic

acid was centrifuged (Hermle®, Z216MK model, Germany) at 2865 g for 15 mimdes a
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the supernatant was vacuum filtered in blchnner funnel and purified using ion-exchang
column with the stationary phase made of resin Dowe&xX -4.

The column was preconditioned with NaCl 2 M and the extract obtained from the
preceding steps was carefully applied to the same. Inorganic phosphorsliwtedewith
NaCl 0.05 M, followed by elution of phytate retained with NaCl 2 M. The concentration of
phytate was determined calorimetrically at 500 nm. It was prepareahalytical curve of
phytic acid (Sigma®), at concentrations of 10 to 100 pLnth express the concentration

of the phytate in mg of phytic acid/g of chia.

4.10. Evaluation of protein quality of chia seed and chia flour
4.10.1. Raw materials and preparation of flours

Chia seedsSalvia hispanicd..) grown in the state of Rio Grande do Sul (Brazil),
and four treatments were used, namelynaturachia seed, chia seed with heat treatment,
in naturachia flour and chia flour with heat treatment.

The study was conducted using chia grown in Rio Grande do Sul because, through
previous studies, this seed had lower concentration of tannins. Thakheratiment was
applied to chia seeds and chia flour to check if the heat is capabiactivating some
anti-nutritional factors such as phytate and tannin which complex Wwe&hptotein,
reducing the protein quality of the food.

To obtain the flours, the seeds were grounded using a knife mill (Grindecalerti
Rotor MA 090 CFT, Marconi, Brazil) with a particle size of 8bfd.. For the thermic
treatment, the chia seed and flours were exposed to 90°C temperature im avtlo\agr
circulation (New Etica®, model 400/6ND, Brazil) for 20 minutes. Subsequeatyssand
flours were packed in polyethylene bags covered with foil and storedréezer (-18 +

1°C) until the time of analysis.

4.10.2. Analysis of the chemical composition

The chemical composition analysis was performed as described in item 3.3.

4.10.3. Determination of phenolic compounds and phytates
The determination of total phenolic compounds and phytate was performed as
described in item 3.7 and 3.9, respectively.
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4.10.4. Evaluation of protein quality

The experimental design of the study, including chia seed or chia fatedtor not
thermally, was based an vitro studies with modifications (MONROY-TORRES al,
2008; SANDOVAL-OLIVEROS; PAREDES-LOPEZ, 2013).

4.10.4.1. Determination of true digestibility (TD)

To determine the digestibility, the diets were labeled with maigrmine in the
proportion of 200 mg/100 g of diet and animal feces were collected ffoo @3" days
and maintained in individual containers under refrigeration. At the end okplesiment,
feces were dried in an oven with air circulation (Med Clave, 4, Brazilp&tC for 24
hours. Then, the feces were weighed and crushed in multiprocessof ) Asrdetermine
the concentration of nitrogen by the semi-micro Kjeldahl method, with sample
triplicate (AOAC, 2012)

The true digestibility was calculated from the amount of nitrogen corgsinribe
diet (I) and the amount excreted in the feces of the animalstajraups (F) and the fecal
loss of nitrogen by the animals that received protein free diet (Fk) (BEERNDDOELL,
1957).

4.10.4.2. Determination of protein efficiency ratio (PER) and net protein ratio (NR)

The PER, coefficient which relates the weight gain of animals (@) tive protein
intake (g), was determined using the equation proposed by Hegsted (1977). TadlPR
determined by the equation proposed by Bender; Doell (1957), taking into account the
weight gain of animals (g) from the test group and the weight logsedadriimals (g) fed

with a free protein diet in relation to the protein intake (g) of the test group.

4.10.5. Biological assay
4.10.5.1. Experimental design
The positive control group received casein diet as protein source andytivene
control group received diet without protein. The test groups received ediaos chia
flour, with and without heat treatment, depending on which group they belonged to. So, we

used 6 groups, namely:
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1- Positive control (casein);

2- Negative control (aproteic);

3- Chia seed grown in Rio Grande do Sul;

4- Chia seed grown in Rio Grande do Sul with heat treatment;
5- Chia flour grown in Rio Grande do Sul;

6- Chia flour grown in Rio Grande do Sul with heat treatment.

4.10.5.2. Experimental animals

Thirty-six male ratsRattus norvegicysVistar, albinusvariation), weanling, with 21
days of life were systematically divided into 6 groups with 6 anireatsh, being each
animal considered a repeat, so that the mean difference weights between the groups did not
exceed 6 grams. The animals were distributed in individual metatagies of stainless
steel in controlled temperature environment (21 £ 1°C) and light and dark afyd?2
hours, automatically controlled. The animals received distilledrveate their respective
experimental dietad libitum

The experimental groups received the following diets: positive contrekifga
negative control (aproteic); chia seed untreated; chia seed hattdtr®0°C for 20
minutes); chia flour untreated and chia flour with heat treatment (90°C for 20es)inut
The heat treatment was applied using an oven with forced air ciccui@iew Etica®,
400/6ND, Brazil).

After 28 days, after 12 hours fasting, the animals were anesthetizedaffitinane
(Isoforine®, Cristélia) and euthanized by cardiac puncture. The blood was exdliact
tubes with heparin, 16 x 100 mm (BD Vacutainer®) and centrifuged (Herm@2&MK
model, Germany) at 2865 g for 10 minutes to separate the plasma. In adidigorents
of liver and cecum were fixed in formaldehyde 10% and kept at room temperature for
subsequent histological analysis.

The study was submitted and approved by the Ethics Committee on Animal Research of

the Federal University of Vicosa, Brazil (Protocol 97/2014) (Appendix I).
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4.10.5.3. Experimental diets
The composition of the diets were based on the AIN-93G diet (REEYES,

1993), but with protein concentration around 9.5%. It was prepared six different diets:

casein diet (standard), aproteic diet and four diets-tests, whose protein source was chia.

All ingredients were weighed in a semi-analytical balance (keehBG2000,

Brazil), manually mixed, sieved in plastic sieve and homogenized indastrial mixer

(Leme) for 15 minutes. After the pre-preparation, the diets were packed inhytdye

bags, properly labeled and stored in a freezer (-18°C + 1°C). The protein canmemtia

each diet was determined by semi-micro Kjeldahl method, usingrfat®25 to obtain

protein concentration (Table 1).

Table 1. Composition of diet AIN 93-G (g KY

Experimental Groups

Ingredients Casein  Aproteic Chia seed Chia seed with Chia flour Chia flour with
(g Kgh untreated HT untreated HT
Casein 117.2 - - - - -
Chia seed untreated - - 522 - - -
Chia seed with HT - - - 522 - -
Chia flour untreated - - - - 522 -
Chia flour with HT - - - - - 522
Dextrinized Starch 132 132 132 132 132 132
Sucrose 100 100 100 100 100 100
Soybean oll 168.08 168.08 - - - -
Cellulose 154.5 154.5 - - - -
Mineral Mix 35 35 35 35 35 35
Vitamin Mix 10 10 10 10 10 10
L-cystine 3 3 3 3 3 3
Choline bitartrate 2.5 2.5 2.5 2.5 2.5 2.5
Starch 277.72 394.92 195.5 195.5 195.5 195.5
Protein (%) 9.38* - 9.48 9.48 9.48 9.48
Caloric density (kcal g*) 4.08 417 3.93 3.93 3.93 3.93

HT: Heat treatment; * Considering that casein has 80% purity
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4.10.5.4. Biochemical analysis

The concentration of plasma glucose, total cholesterol, high demmifrdtein
(HDL-cholesterol), low density lipoprotein (LDL-cholesterol), lipoprotein vdow
density lipoproteins (VLDL-cholesterol), triacylglycerides (TGL), uricdacatreatinine,
glutamic oxaloacetic transaminase (AST) and glutamic pyruaitsaminase (ALT) were
evaluated by colorimetric methods according to the manufacturdrlsciinens (Bioclin®)

using the Cobas Mira Plus (Roche Diagnostic Systems).

4.10.5.5. Histological analysis

The fragments of liver and cecum, previously fixed in formalin 10% solutierg w
dehydrated in increasing concentrations of ethanol and, then, immersedsim
(Historesin, Leica) for 24 hours. After this period, the fragments were immiersade
resin of infiltration for 2 hours for subsequent embedment. This process ednsfst
immersing the fragments into a pure resin solution (93.17%), added by hardener (6.83%).
The material was stored in an oven at 60°C for 48 hours.

Semi-serial histological sections with 3 mm of thickness were roddaiin
automatic microtome (Leica RM 2255), using a glass knife, stained by tduldue
technique. The slides were mounted with Entellan® (Merck) and auhalyz light
microscope Olympus CX31l. The images were obtained with digital ea®€r 020
through Analysis GETIT software, Olympus. The vesicles of fat fromikké areas of
hepatic steatosis were accounted for by computational quantification thsirgpftware
Image Pro-Plus® version 4.5 (Media Cybernetics InC, USA). The overlayst#nalard
square matrix (336 points) in the photographed field was standardized, being recorded only

the fat globules coincident with the intersections (Figure 1).
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Figure 1: Photomicrography of the histological section of Wistarrat livers, dyed with toluidine

blue and overlaid with the standard square mad®6 (points) used for counting the fatty globules.

To measure crypt depth and the thickness of the inner and outer myscteita
was selected twenty random fields per animal. 120 units of eanhnitge measured per
experimental group. Only crypts with rectilinear aspect were used AC/BRE, 2013).
The images of the intestinal histologic sections were capturéd MiX objective and
those from the liver with a 40X objective and the measurements weae teith the

support of ImagePro-Plus® version 4.5.

4.11. Iron bioavailability evaluation in chia flour
4.11.1 Biological assay

32 maleWistarrats Rattus norvegicyslbinusvariety, Rodentiaorder), weanling,
with 21 days old, from the Central Biotery of the Center of Biologicar®as and Health
of Federal University of Vigosa, with initial weight between 50 and 60 g were used.

The animals were kept in individual stainless steel cages engronment with
controlled temperature (21 + 1°C) and light-dark cycle of 12 hours. The method used to
access the bioavailability was the hemoglobin depletion/repletiooording to the
technique of the AOAC (1998), with modifications.

The iron bioavailability was assessed by bioassay with chia fidwere the control
group received ferrous sulfate (standard diet + ferrous sulfate) and the testrgomined
chia flour as a source of iron and high fat diet (standard diet + chia, hidtetfat ferrous
sulfate and high fat diet + chia).
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It was used the chia seed grown in Rio Grande do Sul, because it sholed hig
iron concentration than the chia seed grown in Mato Grosso. Furthermore hHat dget
was used to verify if increased levels of inflammatory markers coulskgeciated with
decreased iron bioavailability. Studies show that the increase ofllrejgcassociated to a
reduction in iron absorption, since this hormone is capable of cleaving the fanm@att
decrease the expression of duodenal cytochrome B and DMT-1, reducing the
bioavailability of this mineral (NICOLAt al, 2002; GANZ, 2006; DE DOMENICO;
WARD; KAPLAN, 2007; MENAet al, 2008; SONNWEBEFRt al, 2011).

Therefore, the study was composed by four experimental groups of 8 aniotgls ea

as the following design:

32 Wistarmale rats

16 animals - Standard diet free oin 16 animals- High fat diet free ofron
8 animals - Standard 8 animals - Standard 8 animals- High 8 animals -
Diet + Eerrous Sulfate Diet + Chia Fat Diet + Ferrous Standard Diet +

Sulfate Chia

Figure 2: Experimental design of the iron bioavailability study.

4.11.2. Preparation of diets

The standard diets were prepared according to the AIN-93G diet (REEVES
1993) adapted, indicated for animals in the growing stage, comprised of 22% of,prote
15% of lipid and 63% of carbohydrate. The high fat diet was prepared in a propdrtion o
61% of lipids, 21% of protein and 18% of carbohydrate (Research Diets, New Brunswick,
NJ) (Table 2). Albumin was used as a protein source, replacing caseitp tmeer
concentration of contaminant iron. The ingredients were weighed indilidnasemi-
analytical balance and manually mixed in plastic containers preyiaashed and rinsed
with deionized water. The ingredients were mixed in an industrial njamne) for 15

minutes.
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Table 2.Food and nutritional composition of experimental diets

Depletion Phase Repletion Phase

Standard diet High fat diet

Ingredients (1kg of diet) without iron without iron SD+FS sb+C HFD + FS HFD + C
Ferrous sulfate (mg) - - 59.73 - 59.73 -
Chia (g) - - - 127.80 - 127.80
Albumin (g) 218.22 280.00 218.22 188,36 280.00 250.18
Dextrinized starch (g) 132.00 132.00 132.00 132.00 132.00 132.00
Sucrose (g) 100.00 100.00 100.00 100.00 100.00 100.00
Soybean oil (mL) 70.00 70.00 70.00 28.91 70.00 28.91
Lard (g) 0.00 300.00 00.00 0.00 300.00 300.00
Microcrystalline cellulose (g) 50.00 50.00 50.00 7.36 50.00 7.36
Mineral mix without iron (g) 35.00 35.00 35.00 35.00 35.00 35.00
Vitamin mix (g) 10.00 10.00 10.00 10.00 10.00 10.00
L-cystine (g) 3.00 3.00 3.00 3.00 3.00 3.00
Choline bitartrate (g) 2.50 2.50 2.50 2.50 2.50 2.50
BHT (g) 0.008 0.008 0.008 0.008 0.008 0.008
Corn starch (g) 379.27 17.49 379.09 365.09 17.43 3.23
Nutritional composition
Total calories (Kcal) 3847.88 5447.96 4017.80 3864.89 5447.72 5364,67
Caloric density (Kcal/g) 4.15 5.65 4.20 4.17 5.65 5.58
Iron (mg/Kg)* 0.30+0,02 0.28+0,04  18.37+0.28 19.17+0.49 18.63+0.55  18.30+0.53
" Analyzed according to the methodology proposebynes (1996). SD+FS: standard diet + ferrous sul&ide:C: standard diet 31

chia; HFD+FS: high fat diet + ferrous sulfate; HFD+@igh fat diet + chia. Means with different letténsthe same line preser
significant differenceg<0.05) by Newman-Keuls test.



4.11.3. Determination of the iron content
The iron content of albumin and prepared diets was determined by atomic
absorption spectrometry. This determination confirmed the concentrations of itoa in

diets, thus being an important standard for the method used.

4.11.4. Depletion phase

The depletion phase lasted 21 days. Sixteen animals received standard die
(REEVESet al, 1993) modified, by using mixtures of minerals without iron and deionized
water ad libitum to induce the iron deficiency (anemia), while the other group (n=16)
received high fat diet without iron (61% of fat) (Research Diets, NewdBvick, NJ). The
animal weight gain and food consumption were evaluated weekly.

At the end of this period it was performed the hemoglobin dosage of adaksni
and these were redistributed so that the average levels of hemoghiobimegght were
closest within each group (standard group + ferrous sulfate: average weighpcoodiag
to 135 + 11.95 g and the hemoglobin mean equal to 5.58 = 0.99 g/dL; standard group +
chia: average weight corresponding to 136 + 18.04 g and the mean of hemoglobiio equal
5.53 £ 0.75 g/dL; high fat diet group + ferrous sulfate: average weight correspdading
133 £ 6.59 g and the hemoglobin mean equal to 5.82 = 1.15 g/dL and high fat diet group +
chia: average weight corresponding to 130.37 + 6.57 g and the hemoglobin mea equal
5.83 +1.19 g/dL).

4.11.5. Repletion phase

In the second stage as a source of iron it was used the ferrous sulfate and chia flour,
being used a single level of iron (12 ppm per treatment). The four exgmalgroups
were: standard diet with ferrous sulfate (n=8), high fat diet with ferroustesi(ia8),
standard diet with chia (n=8) and high fat diet with chia (n=8). The aniratived
deionized watead libitumand controlled diet weighed daily (18 g), during a period of 14
days.

At this stage it was also monitored the weight gain and food consanripti the
calculation of feed efficiency ratio (FER = [weight gain (g) / foodkst (g)] x 100). At

the end of the repletion phase, it was performed a new hemoglobin dosatmitate the
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hemoglobin gain, by the difference between the values obtained aidiut the repletion
period and at the end of the depletion period.

On the 38 day, after fasting for 12 hours, the animals were anesthetized with
isoflurane (Isoforine, Cristalia®) and euthanized by cardiac puncture. The blood 4about
mL) was collected in heparinized tubes (16 x 100 mm, BD Vacutaineit®)1® mL of
sodium heparin and centrifuged at 2865 g for 10 minutes (Fanem - 204, Sao Paillo, Braz

for plasma separation.

4.11.6. Blood Tests

Serum hemoglobin was measured by cyanide methemoglobin nié8jodsing a
colorimetric kit (Bioclir®, Brazil) for in vitro diagnosis. A volume of 20 pL of blood was
pipetted and mixed with 5 mL of Drabkin's solution color regent (containing Spatas
cyanide, and hydrogen cyanide). The reading of absorbance was done in iblg-Vis
Multiskan (Thermo Scientific, Massachusetts, MA, USA) at a \emgth of 540 nm. The
analysis of ferritin and transferrin serum were performed using a specificéardang to

manufacturer's recommendation (Bio€liBrazil).

4.11.7. Liver iron concentration
The liver iron concentration was carried out by atomic absorption

spectrophotometry, according to Gomes (1996).

4.11.8. Iron bioavailability

The iron bioavailability was calculated according to Hernareteal (2003). The
hemoglobin regeneration efficiency (HRE%) was calculated by the exgprestRE% =
[(mg Fe final Hb - mg Fe initial Hb) / 100] / mg Fe consumed. The imomemoglobin
content was estimated by: [Body weight (g)*Hb (g/L)*0.335*6.7]/1000. Thisable was
calculated assuming the total blood volume equals to 6.7% of the rats’ body weight, and
the body iron in hemoglobin content as being 0.335. The use of iron was caladated
[HRE% *% dietary iron]/100, and the absorption of iron was calculated asn{&kei -

excretion Fe].
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4.11.9. Biomolecular analysis

4.11.9.1. Extraction of mRNA in liver and duodenal tissue and cDNA synthesis

The tissues were macerated in liquid nitrogen in RNAse free conditioths a
samples were aliquoted for total RNA extraction. Total RNA was ertlagith TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) using the manufacturer's recomimnesda00
mg of tissue was homogenized in 1 mL of TRIzol. After extraction with chloro{0.2
mL/1 mL TRIzol), the aqueous phase RNA was precipitated with isopedpyhol (0.5
mL/100 mg of tissue) and the tubes were centrifuged at 10000g (4°C), the RNA was
washed with ethanol 75% and centrifuged at 9500 g for 5 minutes (4°C). The @slet w
resuspended in 50 ul of Milli-Q water treated with diethylpyrocarbonate (DEPC water).

After extraction, RNA samples were treated with DNase (RQ1 RNas®Mese Kit;
Promega, Madison, WI, USA) using the manufacturers protocol as follows: 7 uL of sample
was transferred to a tube and treated with 1 uL of DNAse buffer and & INase
(Invitrogen Brazil Ltda) and left at room temperature for 15 minutes,e@¢tion of the
enzyme DNAse. After this time, it was added 1 uL of EDTA and the samples were left in a
water bath at 65° C for 8 minutes. 2 pL of mRNA extracted was used to Systhiee
cDNA using M-MLV reverse transcription kit (Invitrogen Corp., Grand Island;,) N

according to the manufacturer's protocol.

4.11.9.2. Determination of gene expression of proteins involved nom metabolism by
reverse transcriptase polymerase chain reaction (RT-gPCR)

Expression of mMRNA levels in the duodenal mucosa and the liver of proteins involved
in iron metabolism were analyzed by RT-gPCR. The SYBR green PCR mastéom
Applied Biosystems (Foster City, CA) was used and analyses pegfermed on the
StepOne™ Real-Time PCR System (Thermo Fisher Scientific) using the measurement
system by SYBR-Green Fluorescence and Primer Express software (ABjusystems,
Foster City, CA). The PCR involved an initial denaturation cycle of 98Cmin) and
then 40 cycles with 1 min denaturation (94°C), 1 min annealing (56°C) and 2 min
elongation (72°C), followed by a standard dissociation curve. Sense and anisenrse
sequences (Choma Biotechnologies) were used to amplify protein divalEitoaeier
(DMT-1), duodenal cytochrome b (DcytB), ferroportin and hephaestin from duodenum,

and proteins ferritin, transferrin and PPAR¥om liver. The relative expression levels of
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MRNA were normalized by the endogenous control glyceraldehyde 3-phosphate
dehydrogenase (GAPDH) (Table 3). All steps were performed using open aasaiith
RNase.

4.12. Ethical aspects
The study was approved by the Ethics Committee on Animal Reseatritie of

Federal University of Vigosa (Appendix 1).

4.13. Experimental design and statistical analysis of data

For analysis of compounds present in chia seeds it was usedFotette analysis
of protein quality, the data were submitted to ANOVA. The means dégt@roups were
compared by Duncan test. In the iron bioavailability assay, the sesale analyzed by
ANOVA. To "F-value" significant, was used the Student Newman-Kegsto compare
the means of all experimental groups. Statistical analyses pegfermed using SPSS

version 20.0, considering a 5% significance level.
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5.2. ARTICLE 1

BRAZILIAN SEED CHIA ( Salvia hispanica L.) PRESENTS HIGH
CONCENTRATION OF LIPIDS, PROTEINS, TOTAL DIETARY FIBER,
MINERALS AND VITAMIN E

ABSTRACT

This study investigated and compared the occurrence and conoentfathacronutrients,
moisture, ash, dietary fiber, minerals, carotenoids, vitamins, flavonoids, pmhenoli
compounds, antioxidant activity and phytate in Brazilian chia se®#agn the states of
Mato Grosso (MT) and Rio Grande do Sul (RS). There were high lipid (31.2 g*1@0 g
means), proteins (18.9 g.100,gn means) and dietary fiber (35.3 g.108, @ means)
concentrations in chia seeds. The concentration of vitamin E wag1038.4ug.100 ¢

and 7024.6:9.100 ¢ for chia seed grown in RS and MT, respectively). Similar values of
total phenolic compounds and phytic acid in both chia seeds was @s€tia grown in

RS showed higher antioxidant activity than chia grown in MT. TheilBrazchia seeds

showed high concentrations of lipids, proteins, total dietary fiber, minerals and vitamin E.

Keywords: Salvia hispanica L., bioactive compounds; tocopherols, tocotrienols,

antioxidant activity; phytate.

Chemical compounds studied in the article:

Lutein (PubChem CID: 5281243); Zeaxanthin (PubChem CID: 53477763); a-Tocopherol
(PubChem CID: 14985); B-Tocopherol (PubChem CID: 6857447); y-Tocopherol
(PubChem CID: 92729); 6-Tocopherol (PubChem CID: 92094); a-Tocotrienol (PubChem
CID: 5282347); B-Tocotrienol (PubChem CID: 5282348); y-Tocotrienol (PubChem CID:
5282349), 6-Tocotrienol (PubChem CID: 5282350).

Submetido a Revistedood Chemistry
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1. INTRODUCTION

The genus Salvia, native of southern Mexico and northern Guatemala, includes
approximately 900 species of Lamiaceae seeds (Ixtaina, Nolasco, & ,T26@8). Of
these species, 47 are endemic in Brazil and 61 are grown in the Nortiehsest,
Southeast and South of the country. The biggest crop seed of this sort atcurs i
mountainous regions temperate to subtropical (Capitani, Spotorno, Nolasco, &,Tomas
2012; Harley, 2012).

Among the species of the genus Salvia, chia leaSab/i@ hispanicd..) is a 4-8
cm long and 3-5 cm wide herbaceous which stands out due to its high natraiad
functional value. The chemical composition and nutritional value of sked varies
according to the species, climatic conditions, growing location ahdS$odies show that
the geographical location and climate can influence the contient nutrients in chia
seeds (Ayerza & Coates, 2009).

The consumption of chia has increased due to its beneficial effdated to
obesity, cardiovascular disease, diabetes and some types of cancer |(P@adghal,
Waanders, Ward, & Brown, 2012; Ixtaina et al., 2011; Vazquez-Ovando, Rosado-Rubio,
Chel-Guerrero, & Betancur-Ancona, 2009). These benefits result primarily diighe
concentration of essential fatty acids, dietary fiber, antioxidants, fladsnanthocyanins,
vitamins, carotenoids and minerals present in this seed (Ayerza & @t11; Reyes-
Caudillo, Tecante, & Valdivia-Lopez, 2008).

To date few studies have assessed the chemical charawieriaat bioactive
compounds in Brazilian seed chia. Thus, the purpose of this study was ahemic
characterize, analyze and compare the occurrence and concentrationneyflni
carotenoids, vitamin E, vitamin C, flavonoids, antioxidant activity, tqthkenolic

compounds and phytate in Brazilian chia seeds grown in different places.

2. MATERIALS AND METHODS
2.1. Raw material, storage and preparation of chia flour

Chia seedsSalvia hispanica..) grown in Brazil were obtained from two distinct
regions: Rio Grande do Sul (RS) and Mato Grosso (MT). Samples were stored in

hermetically sealed plastic bags and protected from light, under fregekéeg 1°C) until
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the time of analysis that occurred within 30 days. All analyzee performed in chia

flour, which was obtained by grinding the gramature

2.2.Macronutrients, moisture, ash, total dietary fiber and minerals analysis

The analysis of content of moisture, ash, proteins, lipids and totahydidter in
chia were performed in three repetitions. Moisture was determined usiogeanNova
Etica®, model 400/6ND, Sdo Paulo, Brazil) at 105°C and ash was quantifiegl ausi
muffle furnace (Quimis, Q320M model, Brazil) at 550°C. Protein content was deéztmi
by the micro-Kjeldhal method, total dietary fiber was determinethbygravimetric non-
enzymatic method and lipids were determined by Soxhlet method (AOAC, .2012)
Carbohydrates were calculated as the difference, using the equation: (OMoisture +
% lipids + % proteins + % total dietary fiber + % ash)]. The total energy @élcieia was
estimated considering the conversion factors of 4 kdalog protein or carbohydrate and
9 kcal- g* for lipid. Concentrations of Fe, Zn, Ca, Mg, Mn, Cu, B, Pb, Cd, Cr, Na, K, S, Al

and N were determined according to the methodology proposed by Gomes (1996).

2.2.1. Extraction and analysis of fatty acid composition

To analyze the fatty acids, 150 mg of chia were weighed in a testltuble of the
internal standard triglyceride tridecanoic acid, 50 mg of pyrogallid, dc mL of 95%
ethanol were added and glass beads. The samples were subjectddia@tysis with 5
mL of HCI and stirred in thermostated bath (75°C/40 min). After cooling to room
temperature 12 mL of ethyl ether were added and each tube was shakeortex mixer
for 1 min. The tubes were centrifuged (2865 g/10 min) (Hermle®, modelo Z216MK,
Alemanha) and the supernatant was transferred to another tube. Téwt sohg slowly
evaporated in a thermostat at a temperature below 40°C ugiggsNthen 1 mL of 7%
boron trifluoride in methanol and 0.5 mL toluene were added. The tubes were well covered
and placed in boiling bath for 45 min. After cooling to room temperature, 2.5 mhtef,
1 mL hexane and approximately 0.5 g of anhydrousSRawere added. After mixing, the
tubes were left to stand until phase separation and then the supernaténansi@rred to a
vial. One microliter sample was analyzed by gas chromatography2@®O Plus
(Shimadzu, Workstation GC solution), equipped with an autosampler AOC-20, flame
lonization detector (FID) and capillary column of fused silica from Sop&f-2560 (Bis
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cyanopropyl polisiloxana). The column temperature program was 140°C for 5 miat heat
4°C/min to 240°C for 20 min; injector and detector temperatures were 250°C ari@| 260°
respectively; helium carrier gas, flow of 1 mL/min and the splitting r&/50. The fatty
acid retention times were compared with the standard and the calculagoaased on
area and concentration of the internal standard, using theoretical respdose ffame

ionization detector (FID).

2.3. Extraction and analysis of carotenoids, vitamins and flavonoids

The preparation and analysis of carotenoids, vitamin E, vitamin Clavahodids
content in chia seeds were performed in five repetitions. During asalysisamples and
the extracts were protected from sunlight and artificial light usimipea glassware,
aluminum foil and blackout curtains, and protected from oxygen using lids and

environments with nitrogen gas in glass bottles.

2.3.1. Carotenoids

The occurrence and the concentration of lutein and zeaxanthin in chians=eds
investigated. Carotenoids were extracted according to Rodriguez-Amaya (@8B86)
modifications. About 5 g of chia flour were homogenized with 30 mL of acetone for
approximately 5 minutes in a micro grinder. The extract was vaculerefilton Buchner
funnel using filter paper. Then, the filtrate was transferred to aratepa funnel
containing 25 mL of petroleum ether to transfer the pigments from acktqretroleum
ether. Each fraction was washed three times with distilledrviateemove all acetone.
Anhydrous sodium sulfate was added to the extract to remove adyalewater. The
pigments were then redissolved in petroleum ether in a 25 mL volumasicdhd stored
in amber glass vials at -18 + 1°C until the time of which occurrednrax@mum of one
hour.

For analysis, an aliquot of 1 mL of extract was evaporated under nitrogerowas fl
and then recovered in 1 mL of HPLC grade acetone. The extract lteasdfithrough a
filter unit with porosity of 0.45 um (Millipore, Brazil). Carotenoids were analyzed using a
high performance liquid chromatography system (HPLC) (Shimadzu, SCL 10AT VP
model, Japan) comprised of a high-pressure pump (Shimadzu, LC-10AT VP, model
Japan), an autosampler with a loop of pO(Shimadzu, SIL-10AF model, Japan) and a
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diode array detector (DAD) (Shimadzu, SPD-M10A model, Japan). The following
chromatographic conditions were used: chromatographic column RP-18 (Phenomenex
Gemini, 250 mm x 4.6 mm, om), fitted with a guard column (C18), (Phenomenex ODS
4mmx3mm); mobile phase composed of hexane: isopropanol (HPLC grade, Tedia, Brazil),
in the proportions 95:5, with flow rate of 2.0 mL-nlimnd injection volume of 50 pL
(PinheiroSant’Ana, Stringheta, Branddao, & Azeredo, 1998). The chromatograms were
obtained at 450 nm.

2.3.2. Vitamin E

We investigated the occurrence and the concentration of the eight cartgoohe
vitamin E (a, B, y and 3 tocopherols and tocotrienols) in chia seeds. The extraction of the
components was carried out according to Pinh®iraana et al. (2011) with
modifications. Approximately 4.0 g of chia flour were weighed and added to 4.6f mL
heated ultrapure water (80 + 1°C). Then 10.0 mL of isopropyl alcohol, 1.0 mL of hexane
containing 0.05% BHT, 5 g of anhydrous sodium sulfate and 25 mL of extraction solvent
mixture (hexane: ethyl acetate, 85:15 v/v) were added. The sampl@onasyenized
using a micro grinder for 1 minute. The extract was vacuum filtered on Buftimres|
using filter paper. Then, the extract was transported to a rotating etap@i@ +1°C/2
min) until it was concentrated. After this procedure, it was transferred to a volumetric flask
and the volume was completed to 25 mL using the solvent mixture.

For analysis, an aliquot of 5 mL of extract was evaporated under nitrogéavgas
and then recovered in 2 mL of HPLC grade hexane (Tedia, Brazil) and fillkecedjh a
filter with porosity of 0.45 pm (Millipore, Brazil) andSul injected onto the
chromatographic column for analysis. The total vitamin E content wasla&d by
adding the vitamin E identified components.

The chromatographic conditions used included: HPLC system (Shimadzu, SCL
10AT VP model, Japan); fluorescence detec&iradzu, RF10AXL)290 nm excitation
and 330 nm emission); chromatographic column Phenomenex Luna Si100 (250x4 mm, 5
um) coupled with a Si100 Phenomenex guard column (4x3 mm); mobile phasene:hexa
isopropanol: glacial acetic acid (HPLC grade, Tedia, Brazil) (98.9: 0.6vA/&); flow
rate of 1.0 mL/min and 22 min run time (Guinazi, Miranda Milagres, RioH$ant’ Ana,

& Chaves, 2009). The identification of the components of vitamin E was pedoboyn
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comparing the retention time of commercial standards with those obfami# samples

analyzed under the same conditions.

2.3.3. Vitamin C

The vitamin C extraction and analysis (in AA form) were carried outrdony to
the conditions proposed by Campos, Ribeiro, Della Lucia, PinsaidAna, &
Stringheta, (2009) with modifications. About 5 g of chia were homogeffizesl minutes
with 15 mL of extraction solution (3% metaphosphoric acid, 8% acetic ag&{)}}H0.3 N
and 1 mM EDTA) using a micro grider. The extract was centrifuged (ld&pmodelo
Z216MK, Alemanha) at 2865 g for 15 min, and filtered through Buchner funnel using
filter paper. The filtrate was transferred to a 25.0 mL volumetric flaskcantpleted to
volume with ultrapure water.

The extracts were filtered through filter units with porosity of 0.45 pntiigdre,
Brazil). For AA analysis chromatographic the following conditions were :used
chromatographic column Lichrospher RP 18 (100, 250 x 4mm, 5um), HPLC system
(Shimadzu, SCL 10AT VP model, Japan), DAD, ultrapure water mobileept@gaining
1 mM NaHPO, 1mMde EDTA and adjusted to pH 3.0 withRDy; flow rate of 1.0

mL/min and injection volume of 50 pL. Chromatograms were obtained at 245 nm.

2.4. Determination of flavonoids

The main 3-DXAs (luteolinidin, apigeninidin, 7-methoxy-apigeninidin and 5-
methoxy-luteliolinidin), flavones (luteolin and apigenin) and flavanones (naringamin
eriodictyol) were investigated in chia. The compounds were extracted froaf 2agnple
in 20 mL of methanol: HCI (99:1, v:v). Analyzes were performed in a HPL@msys
(Shimadzu, SCL 10AT VP, Japan) equipped with DAD (Shimadzu, SPD-MXpan),
high pressure pump (Shimadzu, LC-10AT VP, Japan), autosampler with & 360p
(Shimadzu, SIL-10AF, Japan), and helium degassing system using theatbgaphic
conditions described by Yang, Allred, Geera, Allred, & Awika (2012).

Flavonoids were determined by HPLC using the following chromatographic
conditions: HPLC system (Shimadzu, SCL 10AT VP model, Japan), Ki@eii& column
(150 x 4.6 mm id, 5 um) equipped with C-18 guard column (4 mm x 3 mm. Phenomenex,
Torrance, CA), column temperature of 35°C, injection volume of 100 pl, with deteati
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480 nm, 360 nm, 280 nm for 3-deoxyanthocianidins, flavones and flavanones,
respectively. The mobile phase consisted of 2% formic acid in ultrapure (VirreéeA) and

2% formic acid in acetonitrile (line B). The elution gradient of B we® i isocratic

10%; 3-4 min, 10-12%:; 4-5 min isocratic 12%; 5-8 min, 12-18%; 8-10 min, iso&&&c

10-12 min, 18-19%; 12-14 min, isocratic 19%; 14-18 min, 19-21%; 18-22 min, 21-26%;
22-28 min, 26-28%; 28-32 min, 28-40%; 32-34 min, 40-60%; 34-36 min, isocratic 60%;
36-38 min, 60-10%; 38-45 min, isocratic 10%. The mobile phase was degasked wi
helium gas at 50 kPa before and during runs, which were performed using the following
flow gradient: 0-36 min, 1.0 mL / min; 36-38 min, 1.0 to 2 mL / min, 38-44 ehihmL /

min; 44-45 min, 2.0-1.0 mL / min. Chromatograms were obtained at 480 nm, 3&B@Gm

nm for 3-deoxiantocianidinas, flavones and flavanones, respectively.

2.5. Preparation and evaluation of the purity of the standards carotends, vitamins
and flavonoids

Solutions were prepared for each of the investigated components ifiuthia,
zeaxanthin, AA, a-tocopherol, a-tocotrienol, B-tocopherol, B-tocotrienol, y-tocopherol, y-
tocotrienol, &-tocopherol, 6- tocotrienol, luteolinidina, apigeninidina, apigeninidina 7-
methoxy-5-methoxy-luteliolinidina, luteolin, apigenin, naringenin and eriodictyol).

The purity of the standards was evaluated by HPLC and quantified by
spectrophotometry performed, based on the maximum absorbance according to the
Lambert-Beer law. To perform the actual quantification of the standardssea the
following equation: C (ghL) x 104 = ABS / E1% 1cm, where C = concentration; ABS =
maximum absorbance; E1% 1cm = molar absorptivity coefficient.

2.6. ldentification and quantification of patterns of carotenoids, vitaminsand
flavonoids

The qualitative identification of the investigated compounds was perfobyed
HPLC by comparing the retention times obtained with standards for méakserest
obtained for samples analyzed under the same conditions. Furthermore, carotenoids
flavonoids and AA were identified by comparing the absorption spectra ofaheasd

and the peaks of interest in the samples, using the DAD.
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For the quantification of the compounds found in chia, standard curves were used.
The construction of calibration curves was performed by injection in duplinafive

increasing concentrations of the standard solutions.

2.7. Determination of antioxidant activity
2.7.1. Preparation of extracts

Two grams of chia were added to a 20 mL of acetone 70% solution. Tkeen, th
suspension was automatically shaken (10 g, 2 hours, 25°C) and centrifuged (2865 g, 15
minutes) (Hermle®, modelo Z216MK, Alemanha). The supernatant was transieraed t
beaker and volume was completed to 20 mL with acetone 70%. Thetexas placed in

amber bottle and stored in a freezer (-18 £ 1°C) until the time of analysis.

2.7.2. Radical removal activity (DPPH)

In a test tube, protected from light, 100 pL of the extract obtained in thioyse
step was added to 1.5 mL of methanolic DPPH solution (1.1-diphenyl:sgkgidrazyl)
and stirred by vortex (3000 rpm) for 30 seconds. After 30 minutes of standing, the
absorbance of the solution was read in a spectrophotometer (Thermo sciéfgfic
Evolution, USA) at 517 nm. The analytical curve was constructed using 50+h00L
trolox solution. The antirradical activity (AAR) was expressed in ptmobbx equivalent/g

of sample (umol trolox/g) (Bloor, 2001).

2.8. Determination of total phenolic

The total phenolic compounds in chia was determined using the Folink€ioca
method (Singleton, Orthofer, & Lamuela-Raventos, 1999). Aliquots of 0.5 mL of extract
obtained in item 2.5.1 were added to 0.5 mL of Folin-Ciocalteu reagent (20%). After
homogenization, 0.5 mL of sodium carbonate (7.5%) was added. The reaction magure
homogenized by vortex (2865 g, 10 seconds) and incubated at room temperature (30
minutes).

The reading of absorbance was performed in spectrophotometer (Thermdiscienti
Evolution 606, USA) at 765 nm. Analytical curve of gallic acid (0,005-0,10 mpinas
used to quantify the compounds. The results were expressed in mg of gallic a
equivalents/g of chia flour (mg GAE/q).
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2.9. Determination of phytic acid

The concentration of phytic acid was determined by ion exchange chromatograph
and spectrometry (Latta & Eskin, 1980) with modifications (Ellis & MQrt986). For the
extraction of phytic acid, 0.1 g of chia flour was weighed and 5 mL of HCb 2vére
added, remaining under horizontal shaking for 12 hours at 250 rpm. The extract was
centrifuged at 2865 g (Hermle®, modelo Z216MK, Alemanha) for 15 minutes and the
supernatant was filtered in vacuo buchnner funnel and purified using ion-exauhmnge
with the stationary phase constituted by resin DowexX-4.

The column was preconditioned with NaCl 2M and the obtained extrat¢teof t
previous step was applied. Inorganic phosphors were eluted with NaCl 0.05 M gefbllow
by elution of phytic acid retained with NaCl 2 M. Phytic acid wketermined
colorimetrically at 500 nm. An analytical curve of phytic acid (Sifmaas prepared in
concentrations of 10 to 100 pL/iiLto express the concentration of phytic acid in g/100 g

of chia flour

2.10. Determination of tannins

The tannin determination was performed by the reaction of vanillin /(Bi@hs,

1971) with modifications (Maxson & Rooney, 1972; Price; Scoyoc & Butler, 1978). Were
weighed 200 mg of chia and added a solution of 10 mL 1% HCI in methanol. The tubes
were placed in an automatic shaker (Marconi, MA093, Brazil) (80 g, 20 mirg@e<x})

for extraction of tannin. Then, they were centrifuged (Hermle®, Z216MK model,
Germany) at 2865 g for 20 minutes.

Aliquots of 1 mL of supernatant were added to 2.5 mL of 1% solution of vanillin in
methanol and 2.5 mL of 8% solution of HCI in methanol. The absorbance reading was held
in spectrophotometer (MultiskanGo, Thermoscientific, USA) at 500 nm. Thesregrié
expressed as milligrams of catechin per gram of sample accordingdodlytical curve
of catechin. For the construction of the curve, it was weighed 200 mg chicaia a
volumetric flask (200 mL) and completed the volume with methanol. Aliquete
withdrawn for 5, 10, 20, 25 and 50 mL of concentrated solution and the absorbance

reading made at 500 nm.
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2.11. Experimental design and statistical analysis
A completely randomized design was used. The data were analyzedhgsingst
(0=0.05) for independent samples to verify difference between chia seeds grown in

different places. All statistical analyzes were conducted using SPS Susgftwersion 20.

3. RESULTS

High concentrations of dietary fibéB5.3%, in means), lipids (31.2%, in means)
and proteing18.9%, in means) were found in chia seeds. Chia grown in the state of Rio
Grande do Sul (RS) showed higher (p<0.05) content of moisture, lipids (saturated,
monounsaturated and polyunsaturated) and carbohydrates compared to the chia grown i
Mato Grosso (MT) (Table 1). Both chia seeds showed high concentration of

polyunsaturated fatty acids, standing out the n-3.
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Table ;_1 Nutritional composition of chia seeds grown in different places,ilBr2@15
(9.100¢).

Variables* Mean** + SD*** Mean** + SD***
RS Chia flour MT Chia flour

Moisture 7.14+ 0.26° 5.62+ 0.03
Ash 4,56+ 0.04 5.07+ 0.07
Lipids 32.16+0.29 30.17+0.22
16:0 1.82+0.1% 1.85+0.10°

18:0 0.90+ 0.07 1.03+0.10

18:1 (n9) 1.43+0.1G 1.67+0.09

18:1 (n¥) 0.26+ 0.02 0.23+0.0%

18:2 (n6) 5.69+ 0.47 5.09+0.08

18:3 (n3) 20.37+ 1.38 18.74+ 1.29

Saturated 2.88+0.18 2.73+0.03
Monounsaturated 1.89+ 0.1 1.69+ 0.06
Polyunsaturated 27 75+ 1.8G 25.73+1.32

Protein 18.18+ 1.20° 19.72+ 3.09
Food Total fiber 33.37£0.26 37.18+0.2F
Soluble fiber 2 .89+ 0.09 3.88+0.68
Insoluble fiber 30.47+ 0.3% 33.30+ 0.46
Carbohydrates 4.59+ 0.34 2.23 +0.58
Total energy value (kcal- 100y 380.52+1.83 359.33+3.87

*values expressed in fresh matter; **mean of three raefgi; ***standard deviation; same letters on the line
do not differ by t test at 5% probability, RS: Rio Grande do it Mato Grosso.

Among the minerals presented chia seeds, iron, calcium, phosphorus assiunot
highlight. Chia seed grown in RS presented hidpe0.05) content of iron, manganese,
boron, lead, aluminum, nitrogen, phosphorus, potassium, calcium, magnesium, sulfur and
copper. The concentrations of zinc, cadmium and sodium were simila&fOf)>n both
seeds (Table 2).
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Table 2. Mineral content presented chia seeds grown in different places, Brazil, 2015.

Minerals* Fe Zn Mn Na B Pb Cd Al
Mean +SD" (mg 100g™Y) (mg 100¢") (mg 100¢") (mg 100¢") (mg 100¢") (mg 100¢) (mg100g")  (mg100g™Y)
RS Chia Flour 9.39 +057 3.6540.092 4.0510.122 150+00.06¢ 1.1240.02 0.06+0.022  0.08#0.03  1.32+0.1F
MT Chia Flour 7.6940.33° 3.764.102 2.48+0.08 140+13.42 0.9310.04 0.00+0.06  0.114#0.04  0.99+0.2%

Minerals* N P K Ca Mg S Cu Cr
Mean +SD"™ (mg 100g™) (mg100g™) (mg 100g™) (mg100g™) (mg 100g™) (mg100g")  (mgl00y")  (mg100g™)
RS Chia Flour ~ 3607.00+22.68 640.00+4.852 620.00+17.452 480.00+2100* 350.00+4.092 200.00+10.252 1.32 £.03  0.00 +0.00
MT Chia Flour  3620.00+20.38 530.00+6.52 550.00+6.7% 430.00+19.88 330.00+13.43%7 150.00+5.8% 0.63#©.0°  0.00 +0.06

*values expressed in fresh matter; **mean of three rafgi; ***standard deviation; same letters on the line do nfdrdify t test at 5% probability Same letters in t
column do not differ by t test at 5% probability. Fe: iron; Zmc; Mn: manganese; Na: sodium; B: boron; Pb: lead; Cd: iadmAl: aluminum; N: nitrogen; P:

phosphorus; K: potassium; Ca: calcium; Mg: magnesium; S: s@furgopper; Cr: chrome, RS: Rio Grande do Sul, MT: Mato Grosso.
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The analysis methods employatlowed good resolution of the peaks which
ensured adequate identification and quantification of the carotenoids, vitamins

bioactive compounds in chia (Figure 1).
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Figure 1. HPLC analyses of vitamin E (A), carotenoids (B) and flavonoids (C and Bhian
seeds grown in the Rio Grande do Sul and Mato Grosso



Chia seeds grown in RS ad MT showed high (p>0.05) vitamin E concentration.

The y-tocopherol was the main component found (on average, 90.9% and 91.5%, for

chia seed grown in RS and MT, respectively). The occurrence of carotemat@i

grown in MT was not observed as well as vitamin C and 3-deoxyanthoasumdboth

seeds. The concentration of flavones and flavanones in the seed grown iraMT w
higher(p<0.05) than that grown in RS (Table 3).

Table 3. Occurrence and concentration of carotenoids, vitamins and bioactive
compounds inn chia seeds grown in different places, Brazil, 2015.

Compounds*

Mean +SD™
RS Chia

Mean +SD™
MT Chia

Total Vitamin E (3g.100 g7
a-tocopherol
a-tocotrienol
B-tocopherol
B-tocotrienol
y-tocopherol
y-tocotrienol
d-tocopherol
d-tocotrienol
Sum of carotenoids fig.100 @)
Lutein
Zeaxantin
Vitamin C (pg.100 g*)
Ascorbic acid
3-Deoxyanthocianidins(pg.100 g')
Luteolinidin
Apigeninidin
7-methoxy-apigeninidin
5-methoxy-luteliolinidin
Sum of flavones jig.100 ¢')
Luteolin
Apigenin
Sum of flavanones jg.100 ¢
Naringenin

Eriodictyol

7743.38+161.9
179.22+12.23

43.71+3.22
88.78+2.10

nd

7038.43+121.30
nd
393.24+27.70

nd
53.58+1.68
10.33+0.6%
43.25+1.33

nd

nd

nd

nd

nd

nd

nd
5.71+0.08
5.56+0.08
0.150.0%
4.13+0.18
0.21+0.04
3.92+0.48

7679.33:155.20
190.26+12.70

16.79+1.62
77.77+2.80

nd

7024.59+138.20
nd
369.92+23.40

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd

nd
15.07+0.06
14.84+0.08
0.33+0.03
8.78+0.4%1
0.37+0.0%
8.41+0.60

*values expressed in fresh matter; **mean of five repdisa***standard deviation; nd: not detected,;
same letters on the line do not differ by t test at 5% fmibitya nd: not detected, RS: Rio Grande do Sul,

MT: Mato Grosso
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Phenolics Compounds

Similar concentrations (p>0.050f phenolic compounds were observed in chia
seedg0.97+ 0.01 mg GAE/g sample and 0.99 + 0.02 mg GAE/g sample for chia grown
in RS and MT, respectively). The chia seed grown in RS presented higite®5p
antioxidant activity (478.2 = 0.02 pmol TEAC/g sample) when compared tongrow
MT (466.3 = 0.06 pumol TEAC/g sample) (Figure 2). The concentration of phytic acid in
the seed grown in RS and MT were similar (p>0.05) (0.96 and ¢.1@® g,
respectively) and the concentration of tannins were hi#e.05) in chia seed grown
in Mato Grosso (19.08 + 1.08 eg.catequina/g sample) than chia seed grd®m in
Grande do Sul14 93 + 0.24 eqg.catequina/g sample
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Figure 2. Concentration of total phenolic and antioxidant activity of Braziliara chi

seeds, Brazil, 2015.

GAE: Gallic acid equivalent; same letters on the line dodiffer by t test at 5% probability, RS: Rio
Grande do Sul, MT: Mato Grosso.

4. DISCUSSION

The present study focused dhe characterization of macronutrients and
micronutrients of Brazilian chia seed grown in two distinct places.ilBrazhia seeds
presented high concentrations of dietary fiber, lipids and proteins. The cotioantfa
dietary fiber ranged from 30 to 38%, and about 6% of this amount comprisesesolubl
fiber. Values similar to those observed in our study are reported in ¢hatdite for
seeds grown in other countries (Capitani et al., 2012; Olivos-Lugo, Valddpez, &
Tecante, 2010; Reyes-Caudillo et al., 2008; Vazquez-Ovando et al.,, 2009). The

concentration of fiber in chia was higher than in other cereals and guaimsas corn
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(13.4%), soy (15%), wheat (12.6%), linseed (22.3%) and sesai®)({Dhingra,
Michael, Rajput, & Patil, 2012). The American Dietetic Associat{dA, 2014)
recommends a fiber intake of 14 g of fiber/1000 kcal for adults, and the intake of
portion of chia (20 g) satisfies approximately 20% of the recommended daily
requirement.

The protein concentration observed in the chia seed was high (approximately
19%, in means), being this value similar to those verified by other authochitor
grown in other countries (Sandoval-Oliveros & Paredes-Lopez, 2013). The protein
content of the seed tends to decrease with increasing temperatine place of
cultivation (Ayerza & Coates, 2011). However, in our study, we found thatgcbven
in the state of Mato Grosso, which presents a high temperature, showsdnibe
protein concentration of when compared to that grown in Rio Grande do Sul, with a
lower temperature.

Chia seeds analyzed in our study were composed, in means, of 31% lipids,
which may be noted in other studies for seeds grown in other countries (Aerza
Coates, 2009; Monroy-Torres, Mancilla-Escobar, Gallaga-Solérzano, & Santiago-
Garcia, 2008). The weather influenced the concentration of lipids presdrid,irsiace
the chia seeds grown at high temperatures (Mato Grosso) had lower (p <ifd5) |
content in relation tahat grown at lower temperatures (Rio Grande do Sul). Our data
corroborate with other studies that show that low temperatures geriecaéigsed the
level of unsaturation of chia fatty acids (Ayerza & Coates, 2001).

The main type of fatty acid found in chia is polyunsaturated, mainlyfatt
acids. Chia essential oil has significantly higher contentlofolenic and linoleic acids
(Alvarez-Chavez, Valdivia-Lopez, Aburto-Juarez, & Tecante, 2008) tissedd,
canola and soybean oils (Gunstone & Padley, 1997). Polyunsaturated fdgtyhasi
been associated with improved lipid profile, attenuating cardiometalosk and
lowering the inflammation (Lesna, Suchanek, & Brabcova, 2013). The ratio-31-6/n
observed in our study in chia seed was 1:3.6. The high concentration of n-3 is associated
with reduction in the risk of coronary artery disease, hypertension, typab2teis,
rheumatoid arthritis, autoimmune disorders, and caf@annor, 2000Q)

The Brazilian chia seed highlighted in relation to the concentrafioon, zinc,
calcium, manganese, potassium and phosphorus. The differences between ttaa Brazil
chia seeds can be attributed to the geographic location and the sgikilofwhich they
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are grown. Values similar to the present study are noted whereinirieeala calcium
(631 mg.100 g), potassium (407 mg.100"g magnesium (335 mg.100"y iron (7.72
mg 100 g") and zinc (4.58 mg.100%y are the most significant in chia (USDA, 2015).
The concentration of calcium in chia seed is six times higher tizdrot milk, whereas
the iron concentration is 2.4 to 6 times higher than the other sources wirbisl, as
meat(Beltran & Romero, 2003).

The average content of vitamin E in chia (7711.35 pg.100 g') was higher than
that observed in other cereals like wheat, oats, barley, rye and sofGaudoso et al.,
2015; Okarter, Liu, Sorrells, & Liu, 2010; Tiwari & Cummins, 200%he y-tocopherol
isomer was found in higher quantities in chia flour, followed by 8-tocopherol. A similar
result was observed by Capitani et al. (2012) in chia grown in Argenthexeim the
component present in larger ames in chia oil was y-tocopherol. Controversial results
were observed in other studies that used chia grown in Argentina andn@im
(Capitani et al., 2012; Ixtaina et al., 2011) since the authors did not tetqutesence
of B-tocopherol in chia. Iaddition, a-tocopherol concentration of this study (179.2 to
190.3ug.100 g', for chia grown in Rio Grande do Sul and Mato Grosso, respedtively
was superior to that observed by Ixtaina et al. (2qa099 pg.100 g in chia oil
cultivated in Argentina .

The total carotenoids were similar to that observed by Ixtainh é2Gd1) in
chia oil (53121 pg.100 gY). However, these authors found only the presence of B-
carotene. In our study, lutein and zeaxanthin were verified only in theselid grown
in the Rio Grande do Sul. Zeaxanthin was the main carotenoid (80.7%) obsetived in
seed. The zeaxanthin content was higher than in other cereals swchasns(15.48
1g.100 g*) (Cardoso et al., 2015).

The antioxidant activity in the samples was quite similar & tkported by
Vazquez-Ovando et al. (2009) (488.8 TEAC, umol/g) and Capitani et al. (2012) (446.4
TEAC, pumol/g) for a Mexican chia fibrous fraction. The high antioxidativity of
chia can be attributed to its high content of phenolic compounds, &roiphand
tocotrienols. Therefore, the consumption of chia seeds Brazilian can promefishi®
human health.

Although the content of phenolic compounds did not differ between Brazilian
chia seeds (0.97 and 0.99 mg GAE/g of chia seeds grown in the Rio Grande dd Sul a
Mato Grosso, respectively), the average value was high to thate@portMexican
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(Porras-Loaiza, Jiménez-Munguia, Sosa-Morales, Maria Elena Paloap&ziMalo,
2014; Reyes-Caudillo et al., 2008) and Chilean (Marineli et al., 2014) clda. Sdee
changes in total phenolic content between different studies can be attribuiactors
such as cultivation techniques, weather conditions, as well as thedseised for the
determination of phenolic compounds. The concentration of phytic acid presmthin

chia seeds was similar to that observed in another study (Ferreira, 2013).
5. CONCLUSION

Brazilian chia seeds showed high concentrations of lipids, proteinsditetzty
fiber, minerals and vitamin E. The chia grown in RS showed a higher conimentht
lipids, minerals like iron, manganese, boron, lead, aluminum, nitrogen, phosphorus,
potassium, calcium, magnesium, sulfur, copper and antioxidant caphaity chia
grown in MT. The use of chia must be stimulated since this food psesehtgh
nutritional value and bioactive compounds that are related to bereefite thuman
health.
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5.3. ARTICLE 2

CHIA SEED SHOWS GOOD PROTEIN QUALITY, HYPOGLYCEMIC
EFFECT AND IMPROVES THE LIPID PROFILE AND LIVER AND
INTESTINAL MORPHOLOGY OF WISTAR RATS

ABSTRACT

Chia has been consumed by the world population due to its high fiber, #ipdls
proteins content. The objective was to evaluate the protein qualitiiafuatreated
(seed and flour) and heat treated (90°C/20min), their influence on glucose and lipid
homeostasis and integrity of liver and intestinal morphologyVadtar rats. 36 male

rats, weanling, divided into six groups which received control dietif@a$ee protein

diet (aproteic) and four diet tests (chia seed; chia seed with reasthént; chia flour

and chia flour with heat treatment) for 14 days were used. The protaiemi ratio
(PER), net protein ratio (NPR) and true digestibility (TD) were evaluated. The
biochemical variables and liver and intestinal morphologies of animase
determined. The values of PER, NPR and TD did not differ among the animaals t
were fed with chia and were lower than the control group. The animals ¢natfed

with chia showed lower concentrations of glucose; triacylglycerides-density
lipoprotein cholesterol and very low-density lipoprotein and higher high4gensi
lipoprotein cholesterol than the control group. The liver weight of anirhalshave

been fed with chia was lower than the control group. Crypt depth and thickness of
intestinal muscle layers were higher in groups that have been itedchia. The
consumption of chia has shown good digestibility, hypoglycemic effaptoved lipid

and glycemic profiles and reduced fat deposition in liver of animals, aagedmoted

changes in intestinal tissue that enhanced its functionality.

Keywords: Protein digestibility; Heat treatment; Chia flp@hia seed; Lipid; Glucose.
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Abbreviations

ALT alanine aminotransferase
ANOVA analysis of variance

AST aspartate aminotransferase

FER food efficiency ratio

HDL high-density lipoprotein cholesterol
LDL low-density lipoprotein cholesterol
NPR net protein ratio

PER protein efficiency ratio

TC total cholesterol

TD true digestibility

TGL triacylglycerides

VLDL very-low density lipoprotein

Introduction

Chia Galvia hispanica L) is an oilseed that stands out because of its high nutritional
value [1, 2]. The chemical composition and nutritional value of chia seey
according to species, climate conditions, place of cultivation and3adnd its main
components are lipids, dietary fibers and prot@diisChia contains high concentration

of proteing3, 5, 6]which are complex organic compounds essential to the human body.
The quality of chia protein refers to its ability to meet the nutritioreeeds of the
organism by means of essential amino acids and nonessential nitrogen, &m prot
synthesig7]. The heat treatment and grinding applied to chia seeds for flour production
can raise the nutritional quality of food, due to denaturation of its praathsherefore
increasing digestibility [8, 9]. The difference in protein digestibitychia may be due

to the structural modification process which involves heat treating and grii®dihgy].

The presence of lipids, fiber, phenolic compounds and peptides confer to chia an
antioxidant activity [12, 13]. In addition, these compounds are related tglggpmic
effect in humang14]. However, so far, studies that evaluated the effect of chia in
intestinal and liver morphologies have not been found. Thereinangtro studies
evaluating the protein quality of chia with or without heat treatnj2ntl5, 16].

Nevertheless, these studies evaluate apparent digestibility, hetegsary to evaluate
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the true digestibility, which is made In vivo studies. Howeverin vivo studies are
nonexistent. Since chia has a high protein concentration, it is of mteaest to
determine the utilization of thig vivo nutrient. The objective of this study was to
evaluate the protein quality of chia untreated (seed and flour) and hdat;tridee
influence of the chia intake on the homeostasis of lipids and glucose,| @s wed food

action in the liver and intestinal integrities\&istarrats for a short period of time.

Materials and Methods
Raw materials and preparation of flours

Chia seedsSalvia hispanicd..) were purchased and came from the state of Rio Grande
do Sul, Brazil, and were used along with four treatments, namelysebih untreated,

chia seed with heat treatment, chia flour untreated and chia flour with heat treatment. To
obtain flour, the seeds were grounded in three repetitions, using a knife ithilaw
particle size of 850 micrometers. For the heat treatment, the binbmetemperature

was based oim vitro study[16] with modifications in the heat exposure time. Chia seed
and flours (522 g each) were exposed to 90°C in an oven with air circulation (New
Etica®, model 400/6ND, Brazil) for 20 minutes. Subsequently, seeds and flours were
packed in polyethylene bags covered with foil and stored in a fred&:(2°C) until

the time of analysis.
Chemical composition of chia flour

For the determination of chemical composition, 15 grams of chia flour wede Tise
determination of ash, protein, lipids, moisture and total dietary fiber was pedor
according to the methodology proposed by AOAL7]. The concentration of

carbohydrates was calculated by difference.
Determination of phenolic compounds and phytates

For the determination of phenolic compounds and phytates, 3 grams of chiadleur
used. The total phenolic compounds in the flours were determined using the Fol
Ciocalteu method [18]. The concentration of phytate was determined by
spectrophotometry according to Latta and E$k#] method with modifications [20].

64



Evaluation of protein quality seeds of chia

Determination of the True Digestibility (TD), Food Efficiencyti®4FER), Protein
Efficiency Ratio (PER) and Net Protein Ratio (NPR)

The true digestibility was calculated according to Bender andl [®44. The FER was
calculated from the ratio between the weight gain and the totshrdiintake by
animals. The PER was determined by using the equation proposed stgdii2g]. The

NPR was determined by using the equation proposed by Bender and2pell

Biological assay
Preparation and composition of diets

The composition of the experimental diets were based on the AINdR2(23], taking

into account the chemical composition of chia flour (Table 1). The chia flosiused

as a protein source to replace the casein in the diet testsmicdumtaof chia used to
suply 100% of the protein recommendation for rodents, also provided 100% of the
recommendation of lipids and cellulose, not being added in the AIN-93@esdist All

diets were formulated to be isocaloric and isoproteic with protein perecotey48%
(Table 2).

Experimental animals

Thirty-six male rats Rattus norvegicyshistar, albinus variation), newly weaned, and
with 21 days of life have been systematically divided into 6 groughs@@nimals each.
The animals were distributed in individual metabolic stainlessl stages in controlled
temperature environment (22°C) and automatically controlled light and dadsaytl
12 hours. The animals received distilled water and their respective experimentatidiets
libitum. The experimental groups received the following diets: pestontrol (casein);
negative control (aproteic); chia seed untreated; chia seedrbaatdt (90°C for 20
minutes); chia flour untreated and chia flour with heat treatment (90°C forr2Qas).
After 28 days and after 12 hours fasting, the animals were anesthettheisoflurane
(Isoforine®, Cristalia, Itapira, Brazil) and then were euthanized by cardiac puncture.
The study was approved by the Ethics Committee on Animal Research of the Federal

University of Vigosa, Brazil (Protocol 97/2014).
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Biochemical analysis

For the determination of biochemical analysis, 0.5 mL of plasma was B&esma
glucose concentrations, total cholesterol, high-density lipoprotein stodée (HDL),
low-density lipoprotein cholesterol (LDL) and very-low density lipoprotein V),

triacylglycerides (TGL), uric acid, creatinine, aspartate aminotreasde(AST) and
alanine aminotransferase (ALT) levels were measured by colorinméticods using
commercially available kits following the manufacturer's instoms (Bioclin®, Belo

Horizonte, Brazil). Analyses were performed on a Cobas Mira Plus device.
Histological analysis

Semi-serial histological sections of fragments of the liver and ceeitm 3 pm
thickness were obtained in automatic microtome (Reichert-Jung®, Ggriauach were
stained by Toluidine Blue technique. The slides were examined undefyapu3

CX31 light microscope. It was used ImageJ software (Java) througbogtigining 336
points. Points about nucleus, cytoplasm, fat vesicles and hepatocyéeesaumated. To
measure crypt depth and thickness of the circular and longitudinal muscle layers, twenty
random fields per animal were selected [24] and were obtained by hsitrgagePro-
Plus® software version 4.5 (Media Cybernetics, Rockville USA).

Statistical analysis

The treatments were conducted in a completely randomized design, swith
replications. The results were analyzed by analysis of variance."F~emlue”

significant, the Duncan test was used to compare means among thémerpedr
groups. Statistical analyzes were performed using the Statigtitalysis System
software, version 9.1. P-value <0.05 was considered statistically significant.

Results and Discussion

High concentrations of dietary fiber (33.4%), lipids (32.2%) and proteins (18.2%) were
found in chia in the present study. Chia showed a concentration of phenofowmfs
equals to 0.97 + 0.01 mg GAE / g sample and phytates corresponding to 00819/ +

100 g (Table 1). Animals fed with chia showed weight gain, FER, PER, a%eR D

lower (p<0.05) than the control group (casein). The PER values observed in the groups
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fed with chia ranged from 1.73 to 1.92. However, there was no difference (p>0.05) in
the TD among the groups fed with chia. The weight of feces and Hegaaben were
higher in the group who ate chia compared to the control group (p<0.05) (Table3). T
lower digestibility observed in the groups fed with chia may be atedamth a higher
concentration of soluble fiber present in the food matrix (2.89 g/100g) codnpare
casein (control) and the presence of phenolic compound (0.97g/100g) and phytic acid
(0.96 g/1009) that can act as anti-nutritional factors. The phenolic compounit, phyt
acid and dietary fiber can complex with the intestinal contentseptieg access of
digestive enzymes and absorption of nutrients; and reducing protein llggsi25,
26]. Chia presented good protein digestibility regardless of the heat tn¢adme
grinding. The conversion efficiency of chia protein to promote weight gainabast
50% in relation to casein, as it can be observed by means of PER. alkors [16]
observed increased protein digestibility vitro isolated chia when subjected to heat
treatment; however, ouin vivo study contradicts this finding because the protein
digestibility, PER and NPR did not differ among the groups fed with clea se
untreated, chia seed with heat treatment, chia flour untreated aadfl@i with
treatment heat. The digestibility values similar to our study vedrserved in heat
treated soybean (approximately 79%) [27] and in raw and heat treated fléxszed
(approximately 78%)28]. The PER values observed in the studies above were higher
than the ones in the present study. Moraes €28].evaluated the protein quality of
sorghum flour and they reported greater digestibility (86% on average) and loRer PE
values than in our investigation which suggests that the amino anjbsagion of chia
Is better than sorghum, because a lower digestibility of chia prot@meffective to
promote weight gain of the animals. The animals fed with different diets containing chia
showed blood glucose levels lower (p<0.05) than animals fed with caseire @abl
This fact may be associated with the increased presence of stietaley fiber fraction
of chia compared to control diet (casein), which received only celluldse soluble
dietary fiber increases the viscosity of the intestinal lumen, reduitie contact of
glucose with the enterocyte, thus decreasing its absorption [30]. The efffebia
intake in our study was beneficial, because the food promoted greater cbpiegma
glucose levels in a short period of time (28 days). The groups fed withsebdhor
flour, with or without heat treatment, decreased (p<0.05) TGL, LDL, VLdnd
increased HDL (Table 4). This can be justified by the supply of bhaiastatisfied 100%
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of the need for fiber and fat of animals. The reduction of HDL was observesrimal

rats consuming chia seed oil for four wegkk It is known that high concentrations of
fatty acids present in the n-3 chjizl] are related to the reduction of VLDL and TGL.
Total cholesterol was lower (p<0.05) in the group fed with chia seed with heat treatment
compared than in the control one. Thus, chia intake for a short period of tsrebiea

to promote improvement in the homeostasis of lipids in animals. Urearaatinine
concentrations did not differ among the experimental groups (p>0.05) and the
concentrations of ALT and AST were higher (p<0.05) in all groups that irjebta
(approximately 1.4 and 1.6 times for AST and ALT, respectively) comparedeto
control group (casein); however, the concentrations of liver enzymes are nathial

range for rodent§32]. The weight of the liver, volume of the cytoplasm and the
percentage of hepatic fat were lower (p<0.05) in the groups fed with chianttiae
control group (casein). The reduction of the volume of hepatocytes in animalghed w
different ways of processing chia was directly associated with #wredse in
concentration of fat globules in the liver (Online Resource 1). Chialblago decrease

the percentage of liver fat and liver weights due to lower accumulatibpids in the

body, which may have led to increased excretion of fat in the feoes, shimals fed

with chia showed an increase in fecal weight compared to the control one. Poudyal et al.
[33] offered diets containing chia seed for obese mice for eight veeekebserved a
reduction of hepatic steatosis in animals. This result may be dhe #bility of chia to
induce redistribution of lipids in the body, reducing its accumulation iritke and
visceral tissue, thereby exerting a hepatoprotective €f88¢tIn our study, normal rats

fed with chia for 28 days showed cardio protective effect that mayha/@ positive
effect on insulin sensitivity, reducing plasma glucose levels of asifedl with chia.
Animals receiving the chia flour untreated showed a cecum weight lower than the others
(p<0.05). The depth of the crypts and the longitudinal muscle layer thicknesgarcirc
and total, were higher in groups fed with chia than in the control groupn@nli
Resource 1). This result is probably due to increased motility of tlestolig tract by

the intact form that the fiber is found in chia, besides the formatioelgirgmoted by

the fiber soluble fraction, leading to hyperplasia and/or hypertrophy of muscle cells. The
same can be explained for increased crypt depth, although celtsizéurnover and

the number of mitoses of intestinal cells had incred8d§l This same effect was
observed in studies using soy floj@5] in rats. Thus, chia consumption was able to
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stimulate the acceleration of intestinal transit, and be berleiiicihe prevention of
diseases.

The results of our experiment demonstrated that animals fed witshovwaed PER,
NPR, TD, blood glucose levels, TGL, VLDL, LDL, weight of the liver ggaicentage
of hepatic fat lower than the control group. The thickness of the maestiuscular
layer and HDL were higher in animals fed with chia. The consumption ofircisieed
or flour form, with or without heat treatment, for a short period of time, showed good
protein digestibility, hypoglycemic effect, improved lipid profile aneduced the
deposition of hepatic fat, and promoted changes in the intestisaétivhich favored its

functionality.
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Tables

Table 1 Nutritional composition of chia flour, dry basis (g 100g

Compounds Concentration (g 100g")
Moisture 7.14+0.26
Ash 4.56+0.04
Lipids 32.16%0.29
Protein 18.18+1.20
Total dietary fiber 33.37+0.26
Soluble Fiber 2.89+0.09
Insoluble Fiber 30.47+0.35
Carbohydrates 4.59+0.34
Phenolic Compounds 0.97+0.07
Phytate 0.96+0.11
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Table 2 Composition of diet AIN 93-G (g K

Experimental Groups

Ingredients Casein Aproteic Chia seed Chia seed with Chia flour Chia flour
(g Kg™h untreated HT untreated with HT
Casein 117.2 - - - - -
Chia seed untreated - - 522 - - -
Chia seed with HT - - - 522 - -
Chia flour untreated - - - - 522 -
Chia flour with HT - - - - - 522
Dextrinized Starch 132 132 132 132 132 132
Sucrose 100 100 100 100 100 100
Soybean oll 168.08 168.08 - - - -
Cellulose 154.5 154.5 - - - -
Mineral Mix 35 35 35 35 35 35
Vitamin Mix 10 10 10 10 10 10
L-cystine 3 3 3 3 3 3
Choline bitartrate 2.5 2.5 2.5 2.5 2.5 2.5
Starch 277.72 394.92 195.5 195.5 195.5 195.5
Protein (%) 9.38* - 9.48 9.48 9.48 9.48
Caloric density (kcal g*) 4.08 4.17 3.93 3.93 3.93 3.93

HT: Heat treatment; * Considering that casein has 80% purity
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Table 3 Effect of chia ingestion in protein quality indeXWhstarrats (n = 6) for a

period of 14 days

Groups Casein Chia seed Chia seed with HT Chia flour Chia flour with HT
untreated Untreated

Weight Gain () 68.66 + 4.78 19.83 +5.48 24.00 + 5.98 27.00 +8.43 25.33+4.13
FER 0.34 +0.04 0.16+ 0.02 0.20+ 0.0%’ 0.18+0.03 0.19+0.03

PER 3.45+0.49 1.73+0.22 1.84 +0.47 1.82 +0.32 1.92 +0.38

NPR 4.51 +0.60 3.22+ 0.64 3.49+ 0.6%’ 3.32+0.32 3.52+ 0.42

Fecal dry weight (g)  5.16 + 0.49 6.98 + 0.4% 7.55 + 0.69 7.59 +1.28 7.45+1.1%
Fecal nitrogen (%) 0.94+0.18 2.14+0.12 2.20+0.14 2.29+0.18 2.21+0.14
D (%) 89.42 +4.10 69.43 + 6.99 67.03 +5.34 72.23 +5.8% 69.22 + 4.58

FER: food efficiency ratio; PER = protein efficiency ratio; NPR =pretein ratio; TD: true digestibility; HT = heat treatrh.er

Average scores on the lines followed by different lettdfsrddy Duncan test (p<0.05).

Table 4  Effect of chia intake on the biochemical variable®vistarrats (n = 6) fola

period of 28 days

Groups Casein Chia seed Chia seed with Chia flour Chia flour with
untreated HT untreated HT

Glucose (mg dL*%) 172.33+ 14.2% 118.83+7.31  128.33+ 20.68 127.17+ 20.72 127.67+ 16.77
HDL (mg dL ™) 28.00 + 4.38 35.50 + 3.23 32.20 + 3.63 33.83 + 3.50 37.50 + 4.38
TC (mg dL™) 63.83 + 10.32 58.17 + 4.7 53.60 + 10.08 58.67 + 11.9%° 61.00 + 10.7%
TGL (mg dL ™Y 4750 +17.75 27.33+ 4.9 27.33+3.83 26.34 +5.08 32.50 +5.61
AST (ULY 98.33 + 15.98 155.33+32.21  116.50+3.83  139.33:13.7%  126.33 +18.9D
ALT(UL™ 26.50 +5.01 46.17 + 6.37 38.33 +10.88 44.00 + 8.26 45.50 + 8.73
VLDL (mg dL %) 9.50 + 3.58 5.47+ 0.99 5.47+0.77 5.27+ 1.07 6.50+ 1.12
LDL (mg dL ™) 26.33+11.13 17.20 + 4.79 13.70+ 8.4% 19.57 + 4.59 17.00+£ 5.93
Urea (mg dL™) 1.12+0.19 1.20 £ 0.28 1.27 £0.3% 1.12+0.19 0.92 +0.43
Creatinin (mg dL ™) 0.20 + 0.04 0.17 +0.08 0.15 + 0.02 0.20 +0.04 0.21+ 0.09"

HT: heat treatment; HDL: high-density lipoprotein; TCatatholesterol; TGL: triacylglyceride; AST: alanine aminotaotiansferase; ALT

aspartate aminotransferase; VLDL: lipoprotein very-low denkby;: low- densit lipoprotein. Average scores on thedifilowed by

different letters differ by Duncan test<{@.05)
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ESM_1: Electronic Supplementary Material

Online Resource 3. Liver photo of animals (a, b, ¢, d, and e) and cecum photo of animals (f, g, h, i, and j). Groups treated
with casein (a and f); Groups treated with seed chia untreated (b and g); Groups treated with seed chia with HT (c and h);
Groups treated with chia flour untreated (d and i); Groups treated with chia flour with HT (e and j); HT: heat treatment; L:
lipids; MLT: muscular layer total.

76



5.4. ARTICLE 3

HIGH FAT DIET DOES NOT AFFECT THE IRON BIOAVAILABILITY IN
WISTAR RATS FEED WITH CHIA AND INCREASES GENE EXPRESSION OF
IRON METABOLISM PROTEINS

ABSTRACT

This study evaluated the effect of chia on the iron bioavailabilityg@meé expression

of proteins involved in iron metabolism in animals fed with high fat chet standard

diet. Four experimental groups were tested (n=8): standard diet + ferroug sulfat
(SD+FS); standard diet + chia (SD+C); high fat diet + ferrous sulfate (HFDhF®

fat diet + chia (HFD+C). The hemoglobin gain, hemoglobin regeneration effycienc
biological relative value of HRE, serum ferritin and transferrin, liver iron concentration
and gene expression of proteins were evaluated. The SD+C group showed lower
transferrin expression when compared to the control group. The control group showed
serum transferrin concentration higher than the others groups. Serum ferritinesind liv
iron concentration did not differ among the animals that received chiairFemnid
hephaestin expression was lower in experimental groups when compisinethe
control group. The peroxisome proliferator activated receptor expression \uas inig
animals fed with SD+C than in the control group. The expression of duodenal
cytochrome B and divalent metal transporter 1 in the HFD+C group was higtier a
ferroportin was lower in the groups containing chia. Animals fed with sihtaved

similar iron bioavailability compared to animals fed with ferrous sulfate.

Keywords: gene expressiorgalvia hispanicd..; lipids; ferritin; transferrin; PPARx
DMT-1,; DcytB; ferroportin; hephaestin.

Submetido a Revistidutrients
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1. Introduction

Iron is the fourth most abundant element in nature, comprising about 4.7% of the
Earth's surface. Despite this abundance, iron deficiency is the meakeptenutritional
deficiency in the world, reaching more than 2 billion people. Iron deficianeynia is
highly prevalent in developing countries, but it also remains a proivleteveloped
countries where other forms of malnutrition have been virtually elimirjat2

Chia (Slvia hispanical.) is a food that has been consumed by the world
population due to its protective, functional and antioxidant eff8¢4$, attributed to the
presence of phenolic compounds, vitamins and minerals, includind5r6) which
appears in a high concentration in this spgdHowever, one should take into account
the bioavailability of this mineral for use in metabolic processes ostfwing and
incorporation into heme irof8]

Mechanisms to regulate iron homeostasis at the systemic andctdidls are
known. These involve transcriptional mechanism that regulates proteoigeidvn the
expression of genes related with iron metabol[9M0]. The uptake of ferric iron is
mediated by duodenal cytochromé&DcytB), which reduces iron to its ferrous {Be
form, and divalent metal transporter 1 (DMT-1), which transports the iron atmss
cell membrane of the enterocytel]. The main exporter of iron from the cell to the
plasma is ferroportin and the hefaestin is responsible for convertifinke Fe for its
incorporation in transferrin. Ferritin, in turn, is responsible for the iron st¢t&je

Intake of high fat diet is able to reduce the action of peroxisome pabtifer
activated receptors (PPARs) and increases iron transport genes, intalferefgre in
iron metabolisn{13]. The PPARs are ligand-activated transcription factors thatset
the transcription of genes involved in many different processes, inclugiith
metabolism and inflammatiofii4]. Among the types of PPAR stands out PP&AR-
which is found in high concentration in the liver and stimulates lipatbolism and
regulates numerous genes involved in fatty acid uptake and actij/Ehidlv]

There are nin vivo studies evaluating the iron bioavailability of chia as well as
the influence of high fat diet intake in the expression of proteinghies in iron
metabolism. High fat diet intake was used to verify if a diettaioing high
concentrations of lipids can reduce the bioavailability of iron. Sinseftloid shows a
high iron concentration, it is of great interest to determine the blahidy of this

nutrientin vivo. Thus, the objective of this study was to evaluate the effedtiafon
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the bioavailability of iron and gene expression of proteins involved in iroabokesm

in animals fed with high fat diet and standard diet.

2. Materials and Methods
2.1 Sample and staple food flours preparation

Chia seeds Salvia hispanicalL.) grown in the state of Rio Grande do Sul
(Brazil) were used. To obtain the flour, the seeds were ground in thre¢ioepetising
knife mill (sieve of 600 um, size 30 mesh; Grinder Vertical Rotor MA 090,CF
Marconi Equipment, Brazil) with a particle size of 850 micrometers. Substygushia
flour was packed in polyethylene bags covered with foil and stored inzelfréé8 +

1°C) until the time of analysis.

2.2 Determination of iron and zinc

The determination of iron and zinc content of food and iron content of the diets
were performed according to Gomids8)]. Briefly, 1.0 g of the samples was oxidized
with 10 mL of nitric acid for 8 hours at room temperature. After, the sssnpkre
heated in the digester block with ventilation at approximately 120°C for 16.hches
iron and zinc concentrations were determined by coupled plasma atonssicami
spectrometry (model Optima 3300 DV, Perkin Elmer, Massachusetts, US&\)awi
inducible plasma argon source. Analysis was performed under the following cosditi
power of 1,300 W, plasma argon flow rate of 15 L thimuxiliary argon flow rate of
0.7 Lmin %, nebulizer argon flow rate of 0.5 L mirate of sample introduction of 1.5
mL min *. The analyses were performed in triplicate (Table 1).

2.3 Chemical composition, phytate and phenolic compounds

The chemical composition was determined according to AQ¥d]. Phytate
content was determined by ion exchange and spectrophotometry according to Latta
Eskin[20], with modificationg21]. The determination of the concentration of phenolic
compounds in foods was performed using the Folin-Ciocalteu redg82h The

analyses were performed in triplicate (Table 1).
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Table 1L Chemical composition and phytate/iron and zinc/iron molar ratio of chia, on a

dry basis
Compounds Chia
Moisture (g.1009) 7.14+0.26
Ash (g.100§) 4.56+0.04
Lipids (g.100g") 32.16+0.29
Protein (g.1000) 18.18+1.20
Total dietary fiber (g.1009 33.37+0.26
Soluble fiber 2.89+0.09
Insoluble fiber 30.47+0.35
Carbohydrates (g.100Y 4.59+0.34

Total phenolic (mg de EqQAG/Q) 0.97+0.07

Minerals

Iron (mg100g") 9.39+5.20
Zinc (mgl100gY) 3.65+0.95
Phytic acid (ng100g") 0.96+0.11
Molar Ratio

Phytate/iron 8.56+1.67
Zincl/iron 0.33£0.02

Data presented as mean + standard deviation.

2.4 Animals and diets

Controlled experimental test was used and the bioavailabilityroof was
evaluated by the hemoglobin depletion/repletion method modified At 21 days of
age, 32 male rat®k@tus norvegicus albinu4istar) from the Central Animal Facility of
the Center for Life Sciences and Health at Federal University of ¥iddmas Gerais,
Brazil, were placed in individual temperature-controlled (22 + 2°Cegawith a
photoperiod of 12 hThe experimental diets were based on the standard AINE23|G
and high fat diet (Researfhiets New Brunswick, N)J] The standard diet was
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comprised by 22% protein, 15% fat and 63% carbohydrate. The high fat diet was

prepared in the proportion 61% fat, 21% protein and 18% carbohydrate (Table 2).
Animals initially received a depletion diet containing Fe-free maihmixture to

reduce hemoglobin (Hb) concentrations and deionized veatdibitum for 21 days

[24]. Animals were then divided into four groups (n=8) so that the Hb concentration

was not statistically different among groups: 1) standard diet + ferrotetesul

(SD+FS); 2) standard diet + chia (SD+C); 3) high fat diet + ferrous sulfateHF);

4) high fat diet + chia (HFD+C). The repletion diet was pair fed torcbfdod and Fe

intake, and deionized water was offeeetllibitum for 14 days.
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Table 2. Nutritional composition of experimental diets.

Depletion Phase

Repletion Phase

| ngredients (1kg of diet) ?/\t/ﬁﬂgi':?rg;\et \t'vli?hhotje;ti?(;it SD+FS Sh+C HFD + SF HFD +C
Ferrous sulfate (mg) - - 59.73 - 59.73 -
Chia (g) - - - 127.80 - 127.80
Albumin (g) 218.22 280.00 218.22 188,36 280.00 250.18
Dextrinized starch (g) 132.00 132.00 132.00 132.00 132.00 132.00
Sucrose (g) 100.00 100.00 100.00 100.00 100.00 100.00
Soybean oil (mL) 70.00 70.00 70.00 28.91 70.00 28.91
Lard (g) 0.00 300.00 00.00 0.00 300.00 300.00
Microcrystalline cellulose (g’ 50.00 50.00 50.00 7.36 50.00 7.36
Mineral mix without iron (g) 35.00 35.00 35.00 35.00 35.00 35.00
Vitamin mix (g) 10.00 10.00 10.00 10.00 10.00 10.00
L-cystine (g) 3.00 3.00 3.00 3.00 3.00 3.00
Choline bitartrée (g) 2.50 2.50 2.50 2.50 2.50 2.50
BHT () 0.008 0.008 0.008 0.008 0.008 0.008
Corn starch (g) 379.27 17.49 379.09 365.09 17.43 3.23
Nutritional composition
Total calories (Kcal) 3847.88 5447.96 4017.80 3864.89 5447.72 536467
Caloric density (Kcallg) 4.15 5.65 4.20 4.17 5.65 5.58
Iron (mg/Kg)* 0.30+0.02 0.28+0.04 18.37+0.28 19.17+0.49 18.63+0.585 18.30%0.53

" Analyzed according to the methodology proposed by Gomes (1996). SD+FS: standard diet + ferreuSBulEat
standard diet + chia; HFD+FS: high fat diet + ferrous sulfate; HFD+C: high fat diet + claas Mé&h different letters

in the same line show significant differenpg@.05) by Newman-Keuls test



In the repletion phase chia was used as a source of iron, and the ferrous sulfate in
AIN-93G diet was used as a positive control, and 12 mg of iron per kg of diet were used
for each treatment. At the end of both depletion and repletion phases, blgodssam
were collected from the rat tails to determine Hb concentrationsh€86th day, after
fasting for 12 hours, the animals were anesthetized with isoflurane (Isoforine,
Cristalid®’) and were euthanized by cardiac puncti4]. Blood was stored in a test-
tube and centrifuged under 4°C at 3000 rpm for 10 min (Fanem-204, Sao Paulo, Brazil)
to obtain serum. The liver and duodenum were removed and were immediately frozen in
liquid nitrogen and stored at - 80°C before analyses.

All experimental procedures with animals were performed in accordaitice w
the ethical principles for animal experimentation and the study paowed by the
Ethics Committee of the Federal University of Vigcosa (Protocol 97/2014; ofate
approval: March 182015).

2.5 Blood tests

Serum hemoglobin was measured by cyanide methemoglobin mgtBgd
using a colorimetric kit (Bioclifi, Brazil) forin vitro diagnosis. A volume of 20 L of
blood was pipetted and mixed with 5 mL of Drabkin's solution color regent {cimgta
potassium cyanide, and hydrogen cyanide). The reading of absorbance was dorne in UV
Visible Multiskan (Thermo ScientificMassachusetts, MA, USA) at a wavelength of
540 nm. The analyses of ferritin and transferrin serum were performed usingfe speci
kit, according to manufacturer's recommendation (BiS¢lBrazil).

2.6 Liver iron concentration
The liver iron concentration was carried out by atomic absorption

spectrophotometry, according to Gomes [18].

2.7 Iron bioavailability

The iron bioavailability was calculated according to Hernandez §9l. The
hemoglobin regeneration efficiency (HRE%) was calculated by the foriARE% =
[(mg Fe final Hb - mg Fe initial Hb) / 100] / mg Fe consumed. The imdmemoglobin
content was estimated by: [Body weight (g)*Hb (g/L)*0.335*6.7]/1000. Thriakée
was calculated assuming the total blood volume equals to 6.7% of the rats’ body weight,
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and the body iron in hemoglobin content as being 0.335. The use of iron was edlculat
as: [HRE% *% dietary iron]/100, and the absorption of iron was calculateffFas:

intake - excretion Fe].

2.8 Extraction of mMRNA in liver and duodenal tissue and cDNA synthesis

The tissues were macerated in liquid nitrogen in RNAse free conddiaths
samples were aliquoted for total RNA extraction. Total RNA was exttacith TRIzol
reagent (Invitrogen, Carlsbad, CA, USA) using the manufacturer's recommendations
pL of extracted mMRNA were used to synthesize the cDNA using MW-Magverse
transcription kit (Invitrogen Corp., Grand Island, USA) according to the manufasturer'

protocol.

2.9 Determination of gene expression of proteins involved in iron metabolism by reverse
transcriptase polymerase chain reaction (RT-gPCR)

Expression of mRNA levels in the duodenal mucosa and the liver of proteins
involved in iron metabolism were analyzed by RT-qPCR. The SYBR green RGRRm
mix from Applied Biosystems (Foster City, CA, USA) was used and seslyere
performed on the StepOne™ Real-Time PCR System (Thermo Fisher Scientific) using
the measurement system by SYBR-Green Fluorescence and Primer Bqftesse
(Applied Biosystems, Foster City, CA, USA). The PCR involved an irdgslaturation
cycle of 95°C (10 min) and then 40 cycles with 1 min denaturation (94°C), 1 min
annealing (56°C) and 2 min elongation (72°C), followed by a standard dissociation
curve. Sense and antisense primer sequences (GenOne BiotechnologieslaReirde
Brazil) were used to amplify protein divalent metal carrier (DMT-1), deuwal
cytochrome b (DcytB), ferroportin and hephaestin from duodenum, and proteins ferritin,
transferrin and PPAR- from liver. The relative expression levels of mRNA were
normalized by the endogenous control glyceraldehyde 3-phosphate dehydrogenase

(GAPDH) (Table 3). All steps were performed using open conditions with RNase.
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Table 3. Sequence of primers used in the RT-PCR analysis.

Genes Oligonucleotide (5°-3)

Forward Reverse
GAPDH AGGTTGTCTCCTGTCACTTC CTGTTGCTGTAGCCATATTC
DMT-1 CTGATTTACAGTCTGGAGCAG CACTTCAGCAAGGTGCAA
DcytB TGCAGACGCAGAGTTAAGCA  CCGTGAAGTATACCGGCTCC
Ferroportin  TTCCGCACTTTTCGAGATGG TACAGTCGAAGCCCAGGACCGT
Hephaestin GGCACAGTTACAGGGCAGAT AGTAACGTGGCAGTGCATCA
Ferritin CAGCCGCCTTACAAGTCTCT ATGGAGCTAACCGCGAAGAC
Transferrin  AGCTGCCACCTGAGAACATC CGCACGCCCTTTATTCATGG
PPAR#« CCTGCCTTCCCTGTGAACT ATCTGCTTCAAGTGGGGAGA

GAPDH: glyceraldehyde 3-phosphate dehydrogenase; DMT-1: divaieatal
transporter-1 Protein; DcytB: duodenal cytochrome B; PRARperoxisome
proliferator-activated receptor alpha.

2.10 Statistical Analysis

Chia flour was analyzed in replicates. The results were analyz&dNBDVA.
For significant "F-value", post hoc Student Newman-Keuls test was used tarmothe
averages of all experimental groups. The mean dispersion was expressaddasd
deviation. Statistical analyses were carried out using SPS3iStista version 20.0

software considering a 5% significance level.

3. Results
3.1 Concentration of iron in the experimental diets
The experimental diets showed approximately 18.54 mg Fel/kg, with no

difeerences from each other (p>0.05).

3.2 Effect of consumption of chia on the bioavailability of iron in radsafith AIN-93G
diet and high fat diet

It was observed that the total diet consumption and iron intake were ilowe
animals that received high fat diet (p<0.05). The depletion phase (three weeks) was
sufficient to produce anemia in the animals, with hemoglobin megueseto 5.69 +
1.02 g/dL In the repletion period, all groups showed body weight gain similar t@that
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the controls groups (SD+FS and HFD+FS). Body weight gain, hemoglobin
concentrations, hemoglobin gain, HRE%, RBV-HRE did not differ (p>0.05) among the
experimental group&able 4).

Table 4. Total consumption, body weight gain, total iron intake, hemoglobin levels and

indices for assessing iron bioavailability in the repletion phase (n=8).

SD + FS SD+C HFD + FS HFD + C

Total consumption (g) ~ 192.45+16.48  193.24+15.28  145.49+16.79  158.93+20.4%

Body weight gain (g) 41.25+9.86 41.00+3.16 42.63+10.51 41.50+9.48

Fe intake () 2.31+0.19 2.32+0.18 1.75+0.20 1.91+0.24

Initial hemoglobina (g/dL) 5.58+0.99 5.53+0.75 5.82+1.15 5.83+1.19

Final hemoglobin (g/dL) ~ 10.20+1.17 9.15+0.99 9.40+1.09 9.82+0.99

Hemoglobin gain (g/dL) 4.83+1.48 3.81+1.22 3.58+1.27 4.00+1.82
HRE% 105.35+27.52 91.64+18.48 102.35+24.4% 103.39+30.97

RBV-HRE 1.01+0.28 0.94+0.19 0.93+0.22 0.94+0.28

Data presented as mean + standard deviaB&*FS: standard diet + ferrous sulfate;
SD+C: standard diet + chia; HFD+FS: high fat diet + ferrous sulf#®H&: high fat
diet + chia; Fe: iron; HRE: hemoglobin maintenance efficiency; REREHrelative
biological value of HRE. Means followed by different small letterdine differ by
Newman-Keuls test (p<0.05).

3.3 Gene expression of proteins involved in iron metabolism, analysigibh fend
transferrin serum and liver iron concentration

The mRNA expression of DMT-1 (Fig. 1A) and DcytB (Fig. 1B) was higher
(p<0.05) in the group that received high fat diet containing chia (HFD + C) when
compared to the control group SD + FS (6.92 and 2.18 fold, respectively). Hothever,
hephaestin expression was lower in all experimental groups comparedevitbritrol
group (SD + FS) (Fig. 1C). The gene expression of ferroportin (Fig. 1D)owes In
the groups containing chia (0.16 and 0.01 fold for SD + C and HDF + C, respectively)
when compared to the control group (SD+FS; p<0.05), while HFD + SF showed similar

results to the control group (p>0.05).
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Figure 1. Effect of chia intake (standard diet and high fat diet) on the genessipre
of proteins in duodenal tissue. RT-gPCR Analysis. (A) DMT-1, (B) Dcytbcéhpi
membrane of the enterocyte), (C) Hephaestin (D) Ferroportin (the enterocytistdras

membrane). SD+FS: standard diet + ferrous sulfate; SD+C: standard dieig;+
HFD+FS: high fat diet + ferrous sulfate; HFD+C: high fat diet +.chiéferent letters

indicate statistical differences at 5% probability by Newman-Keuls tes

The SD + C group showed 0.3ilmes less expression of transferrin when
compared to the control group (SD + FS), while the groups treated whhfdtigliet
showed a higher expression (2.01 fold for HFD + FS and 3.93 fold for HFD + C;
p<0.05; Fig 2B). However, analyzing the serum transferrin concentration, it is possible
to verify that the control group (SD + FS) showed higher (p<0.05) concentration of this
protein compared to the other experimental groups. The ferritin expression easniow
all experimental groups compared to the control (FS + SD; p <0.05; Fig 2D). The
analysis of liver iron concentration and serum ferritin showed thagrthg fed with
high fat diet with ferrous sulfate (HFD + FS) showed a lower (p<0.05) concentration of
iron stores markers, which can be observed by the lower iron concentration in tissue and
serum ferritin in relation to the control group (SD + FS). The increased BPR&Re
expression (Fig.2F) in animals fed with standard diet with chia (SDwa&)3.32 fold
higher (p<0.05) than that observed in the control group (SD + FS), while the groups
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treated with high fat diet showed reduced 0.28 and 0.39 fold (HFD + FS and EFD +
respectively).
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Figure 2. Effect of chia intakeon the gene expression of proteins and on serum and
tissue markers of iron stores in liver tissue. RT-gPCR analysisndAa Transferrin;

(C, D and E) Ferritin; (F): PPAR- SD+FS: standard diet + ferrous sulfate; SD+C:
standard diet + chia; HFD+FS: high fat diet + ferrous sulfate; +{=Dhigh fat diet +
chia. Different letters indicate statistical differences at 5% fibyaby Newman-
Keuls test.

4. Discussion

Studies that evaluated the iron bioavailability of chia in alsnfad with
standard diet and high fat diet are not found. Thus, the present study focused on
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bioavailability of iron from chia in animals fed with standard diet anth fied diet to
verify if a diet containing high concentrations of lipids, such as thatucoes by
western diets, can reduce the bioavailability of iron in the body.

The influence of phytate on the bioavailability of iron depends not only@n t
phytate contents in the diet but also on the interaction betwedatg@land iron. The
phytate: minerals molar ratios can be used to predict the inhibifest ef phytate on
the bioavailability of minerals, such as ir@6]. The molar ratio phytate: iron in the
present study was 8.56. Phytate: iron molar ratio lower than 1 can detheason
absorption in human7]. However, molar ratio phytate: iron of 27 did not affect the
iron bioavailability from staple crops enriched with iron or carotenoids [84]
agreement with the present study, which used the same experimental model.

The molar ratio zinc: iron was 0.33, without effect on iron biovaliabisigce
researches that measured the effect of zinc intake on iron absorption in Swinjects
conclude that when zinc is present in a meal, a ratio of 5:1 (zinc to didnjot
interfere with iron absorptiof28]. Also, the concentration of phenolic compounds
offered by chia did not affect the iron bioavailability. The same wasredg in crops
combinations of beans and rice, targets for iron and carotenoids biofortififzdijon

The lower consumption of high fat diet found in this study can be attriboited t
higher energy density and greater satiety by animals. The sanwbsersed in a study
which evaluated the iron status of rats fed with high fat diet, andutm®rs concluded
that the reduction of consumption occurs due to higher energy concentration @tthe di
[29]. The gain weight of the animals fed with different diets did not riffais result
was also observed in other studies that evaluated the intake of thitiet i rats for 16
and 12 week$29,30] The consumption of chia, regardless of being available on the
standard diet or high fat diet resulted in a gain of hemoglobin, hemogloeineragon
efficiency and relative biological value of hemoglobin regeneration effigisinailar to
that of standard group supplemented with ferrous sulfate, suggesting that the iron in chia
showed good bioavailability.

DcytB is responsible for converting Beto Fe? for absorption in enterocytes
[31]. We found that a DcytB mRNA expression was higher in animals thaiveec
high fat diet with chia. This fact can be explained by the absorptii@ency which

increases the front lower intake of iron. However, a study that egdluats fed with
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standard diet and high fat diet found decreased DcytB mRNA expression insai@cha
with high fat diet compared with animals feed with standard[8it

DMT-1 plays a role to transport Eeinto the enterocytd33]. Animals that
received high fat diet with chia showed duodenal higher DMT-1 mRNA expnsss
when compared to animals fed with standard diets (sulfate ferrous and chia) and high fat
diet with sulfate ferrous. This result is expected since it is krtbahmRNA levels of
DMT-1 significantly increased in iron deficiency in experimental mod&4],
increasing the captatiofhe same result was observed in others stu@2s35-37].
Thus, when the ferrous sulfate was associated with the high fat dieglsueixhibited
decreased DMT-1 expression, suggesting that supplementation (ferrous ,saléate)
expected, was more effective than chia intake.

Hephaestin is a ferroxidase that convertd’Fe Fé* for incorporation into
transferrin[12]. The hephaestin mMRNA expression was lower in animals that received
high fat diet and standard diet with chia. This result is expectedntgddi lower
oxidation of iron and consequently less absorption and iron accumulation in etggrocy
and macrophaggd2]. A study that evaluated animals fed with standard diet and high
fat diet found decreased hephaestin mRNA expression in rats fed withfdtigliet
when compared with standards animals [32].

Deficiency of iron intake causes increased in absorption of this minetiaé in
body. To meet this increased demand, there is a greater expressioniot pnotaved
in this process, as ferroportj@8], that carries F& the enterocyte into the bloodstream
[39]. However, this result was not found in our study providing further evidence that
intestinal iron absorption was affected by chia intake. Chia intakeablasto reduce
ferroportin expression, since the animals fed with standard diet and high fat die
containing chia showed less expression of the gene.

Transferrin has the function of iron transporting in the bloodstrgih The
animals fed with standard diet with ferrous sulfate showed higher seamsferrin
concentration in relation to the others experimental groups, showingnthhis group,
there was a higher translation of transferrin, increasing its congcentiat serum.
However, the animals fed with high fat diet showed increased transéxpression
compared to standard grauphis reinforces the idea that the front lower consumption
of the mineral, as observed by intake of iron values in animals fedhigithfat diet,
there is an increased gene expressiane the body has a compensating action in order
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to maintain the homeostasj41l]. In addition, in our study, the animals fed with
standard diet containing chia and high fat diet with chia or ferrous sukatdower
ferritin expression than other diets, thereby suggesting lower iron std8agéar
results were observed in another study that evaluated the expressemesfigvolved
in iron metabolism after intake of high fat dig2]. However, when the analyses of
liver iron concentration and serum ferritin were performed, we observed that th
animals fed with high fat diet with ferrous sulfate presented Holier iron
concentration and serum ferritin concentration in relation to the control group.thus
ferritin translation in animals that ingested chia in standard diiet lnight fat diet was
similiar to the animals that received control diet, thus showingfti@ency of chia in
iron storage.

The intake of high fat diet for 5 weeks causes a reduction in the BRFARNA
expression. This may be related to the installation of inflammatioemtres the diet-
induced obesity, since a short period of time was able to affect themméatory marker
[43]. It is known that PPARxligands have anti-inflammatory effects in various cells
for causing apoptosis in cytokireetivated macrophages and inhibiting of NF-kB
signaling[44,45] In addition, the increased inflammation may increase the hepicidin
production and affect the ferroportin production, impairing the bioavailabilitiyoof
[46]. Thus, we conclude that chia, in a standard diet, was able to redueatithe
inflammatory effects since the mRNA expression was higher in anifedlswith
standard diet with chia than those who received standard diet witlestéfaous.
Furthermore, the lower PPA&expression observed in the groups that receive high fat
diet confirm the presence of inflammation arising out diet intake icomga high
concentrations of lipids. Different outcome of our study was observedinmab fed
with high fat diet for 26 weeks reported an increase in hepatic expressiomBtPP
[15].

5. Conclusions

The high fat diet intake during 5 weeks was not able to interfere lngtgdin of
hemoglobin, hemoglobin maintenance efficiency and relative biologiahlevof
hemoglobin maintenance efficiency and increased some gene expresgimieais
involved in iron metabolism. Animals fed with high fat diet showed simiton
bioavailability to animals fed with standard diet. The animalswWet standard diet
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with ferrous sulfate showed serum transferrin concentration higher thaothbes
experimentals groups. Serum ferritin concentration and liver iron concentration did not
differ among the animals that received chia, in standard or highefatimirelation to

the animals that received standard diet with ferrouse sulfate (control group).
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cDNA: Complementary DNA
DCYTb: Duodenal cytochrome B
dL: deciliter
DMT-1: Divalent metal transporter 1
DNAse: Deoxyribonuclease
EgAG: Gallic acid equivalente
Fe: lIron
g: gram
GAPDH: Glyceraldehyde 3-phosphate dehydrogenase
HFD+C: High fat diet + chia
HFD+FS: High fat diet + ferrous sulfate
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HG: Hemoglobin gain

HRE%: Hemoglobin regeneration efficiency

IRP1: Iron - responsive element - binding protein 1
IRP2: Iron - responsive element - binding protein 2
Kg: Kilogram

mg: Milligram

mL: Milliliter

MRNA: Messenger RNA

PPAR«: Peroxisome proliferator-activated receptors
RBV-HRE: Biological relative value of HRE
RT-PCR: Reverse transcription polymerase chain reaction
SD+C: Standard diet + chia

SD+FS: Standard diet + ferrous sulfate
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6. GENERAL CONCLUSIONS

The Brazilian seed chia evaluated in this study showed highiondditvalue,
especiallyfor polyunsaturated fatty acids, protein and dietary fiber, iaradsource of
minerals (especially calcium, iron and manganese) and vitamin E.g&wa in Rio
Grande do Sul presented higher concentration of lipids, iron, manganese, boron,
aluminum, nitrogen, phosphorus, potassium, calcium, magnesium, sulfur, copper and
antioxidant capacity than chia grown in Mato Grosso.

The consumption of chia seed or chia flour, with or without thermal treatme
for a short period of time (28 days), showed good protein digestibility, hygpemgig
effect, improved lipid profile, reduced the deposition of fat in liver and promoted
changes in intestinal tissue Vfistar rats, favoring its functionality. The heat treatment
used in the study (90°C for 20 minutes) was not able to inactivate thastaphytic
acid and total phenolic compounds that can link to the proteins pedserhia, since
it was not observed better true digestibility in groups fed with séé&d or chia flour
heat treated.

In relation to the iron bioavailability in chia, the animals ¥eith high fat diet
showed iron bioavailability similar to animals fed with standartl diee iron preseed
in chia showed bioavailability similar to the ferrous sulfate. A highke of lipids
during 5 weeks did not affect the gain of hemoglobin, hemoglobin maintenance
efficiency, relative biological value of hemoglobin maintenancecieficy, and
increased gene expression of proteins involved in iron metabolism, althaegluged

the iron reserve inVistarrats.
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7. FINAL CONSIDERATIONS

Through the obtained results, the use of chia should be recommended in the
amount of 20 g/day (1 heaped tablespoon). This amount will provide approximately 3.5
grams of protein, 6 g of lipids and 7 grams of dietary fiber, daily.

As a limitation of protein quality study, we can mention the faat the animals
showed preference for chia flour consumption in relation to chia seed cdisunhp
relation to the iron bioavailability study, it was not possible to perftire analysis of
hepcidin gene expression, an important marker of iron metabolism.nahssia of this
protein is very high cost, which prevented its realization in our study.

The chia showed high concentration of calcium, and there are nouligerat
studies evaluating the bioavailability of this mindralvivo. Thus, the realization of this
analysis would be interesting in order to contribute with data aboubtids which has

been widely used by the world's population.
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8. APPENDIX

APPENDIX 1. RECEIPT OF APPROVAL OF RESEARCH PROJECT BY THE
ETHICS COMMITTEE ON RESEARCH WITH ANIMALS (UFV)

Vigosa, 13 de margo de 2015
Ilma. Prof®.

Helena Maria Pinheiro Sant'Ana

Coordenadora do projeto
DNS/UFV

St*. Coordenadora,

Apos avaliagdo da Metodologia utilizada no Projeto de Pesquisa intitulado
“Chia Salvia hispanica L.: ocorréncia e concentragdo de nutrientes e compostos
bioativos, qualidade proteica e biodisponibilidade de ferro”, aqui nomeado Processo
97/2014, a CEUA/UFV emite parecer favoravel ao protocolo de utiliza¢do de animais
proposto, tendo como base para analise a Legislagdo vigente (Lei N° 11.794, de 08 de
outubro de 2008), as Resolug¢des Normativas editadas pelo CONCEA/MCTIL bem como
a DBCA (Diretriz Brasileira de Pratica para o Cuidado e a Utilizagdo de Animais para
Fins Cientificos e Didaticos) e as Diretrizes da Pratica de Eutanasia preconizadas pelo
CONCEA/MCTIL.

Acresce a esse Parecer a exigéncia de Relatorio Final de Atividades conforme
itens a seguir:

RESUMO DOS RESULTADOS FINAIS OBTIDOS A PARTIR DOS EXPERIMENTOS ENVOLVENDO A
UTILIZACAQ DE ANIMAIS NO PROJETQ DE PESQUISA

Numero do protocolo de submissdo do projeto de pesquisa 8 CEUA/UFV:
Metodologia completa obrigatoriamente com:

- Local (is) Geral (is) e especifico (s) oficial (is) onde ocorreu a experimentacio;
- O nome cientifico do animal em questio;

- Numero total de animais utilizados na pesquisa.

Resultados:

Nome do Coordenador do Projeto:

Assinatura:

S Nome do Responsavel Técnico:

Assinatura:

Inscricdo em CRMV:

N -

- W

|
{ /
(\
‘d-
of

Prof*

NLO“ U o &0 %W fuvu\/uvw\

Atima Clemente Alves/Zuamon”
Presidente
Comissdo de Etica no Uso de Animais — CEUA/UFV
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CERTIFICADO

A Comissdo de Etica no Uso de Animais - CEUA/UFV certifica que
0 processo n° 97/2014, intitulado “Chia Salvia hispanica L.: ocorréncia e
concentragdo de nutrientes e compostos bioativos, qualidade proteica e
biodisponibilidade de ferro”, coordenado pela professora Helena Maria
Pinheiro Sant'Ana do Departamento de Nutrigdo e Salde, esta de acordo
com a Legislagdo vigente (Lei N° 11.794, de 08 de outubro de 2008), as
Resolugdes Normativas editadas pelo CONCEA/MCTI, a DBCA (Diretriz
Brasileira de Pratica para o Cuidado e a Utilizagdo de Animais para Fins
Cientificos e Didaticos) e as Diretrizes da Pratica de Eutanasia
preconizadas pelo CONCEA/MCTI, portanto sendo aprovado por esta
Comissdo em 13/03/2015, com validade de 12 meses.

CERTIFICATE

The Ethic Committee in Animal Use/UFV certify that the process
number 97/2014, named “ Chia Salvia hispanica L .. occurrence and
concentration of nutrients and bioactive compounds, protein quality and
bioavailability of iron”, is in agreement with the a ctual Brazilian legislation
(Lei N° 11.794, 2008), Normative Resolutions edited by CONCEA/MCTI,
the DBCA (Brazilian Practice Guideline for the Care and Use of Animals
for Scientific Purposes and Teaching) and the Guidelines of Practice the
Euthanasia recommended by CONCEA/MCTI therefore being approved by
the Committee on March 13, 2015 valid for 12 months.

f % MO QQ&/W X &Jﬂ VASRRPY o VY VS
Prof*. Atima Clemente Alves Zuamon =
Presidente
Comisséo de Etica no Uso de Animais - CEUA/UFV
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