ASSOCIACAO BRASILEIRA DE ENERGIA NUCLEAR — ABEN Agércla Brasliira do ISBN
2019 International Nuclear Atlantic Conference - INAC 2019
Santos, SP, Brazil, October 21-25, 2019 | | | |||||

7885997141083

9

CHARACTERIZATION OF NUTRIENT COMPOSITION IN
FUNCTIONAL FOODS

Vera. A. Maihara', Munique A. P. Oliveira®, Davi F. Oliveira®

!Laboratério de Anélise por Ativacdo Neutrdnica- LAN-
Instituto de Pesquisas Energéticas e Nucleares (IPEN- CNEN/SP),
Av. Professor Lineu Prestes 2242,05508-000 Sao Paulo, Brazil, (11)3133-9976

ABSTRACT

Functional foods contain in their composition some biologically active substances that when added to a usual
diet produce metabolic or physiological processes, resulting in disease risk reduction and health maintenance.
Acai, green tea, quinoa, chia, flaxseed and goji berry are examples functional foods due to their health benefits.
The concentrations of Br, Ca, Co, Cl, K, Fe, Mn, Mg, Na, Rb and Zn were determined in quinoa, chia and
flaxseed samples by Neutron Activation Analysis. The obtained results were discussed using the Dietary
Reference Intake (DRI) for essential elements provided by the Institute of the Medicine of National Academy
and a comparison between the different functional foods was carried out.

1. INTRODUCTION

The population has increasingly been concerned with the quality of food consumed, both in
terms of its nutritional aspect and the possible harmful effects that may directly affect the
quality of life. Human beings need a number of substances for the balanced maintenance of
all their vital functions. The metabolism, vital functions and nutritional needs of an increasing
number of inorganic elements have been studied by a wide variety of researchers [1].

Functional foods contain in their composition some biologically active substances that when
added to a usual diet triggers metabolic or physiological processes, resulting in a reduction of
disease risk and health maintenance [2]. These products can range from isolated nutrients,
biotechnology products, dietary supplements, genetically engineered foods to processed
foods and plant products. Functional foods should have beneficial properties in addition to
the basic nutrients, being presented in the form of common foods.

They are consumed in conventional diets, and they demonstrate the ability to regulate body
functions in order to help protect against diseases such as hypertension, diabetes, cancer,
osteoporosis and coronary diseases [3]. Functional foods are characterized by a number of
health benefits, in addition to the nutritional value inherent in their chemical composition,
and may play a potentially beneficial role in reducing the risk of chronic degenerative
diseases [4].
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From time to time, new foods gain fame for their health benefits. Acai, green tea, quinoa,
chia and goji berry are some of the more recent examples. They are called superfoods,
because they are rich in antioxidant nutrients (vitamins and minerals), fibers and some
substances that help reduce the absorption of fats and sugars. Several publications have
shown that health is the main motivation for the consumption of functional foods [5-6].

Flaxseed, also known as linseed, is a plant that is cultivated primarily for the use of its seeds
and fiber. Its level of omega-3 fatty acid, around 60%, makes the seed the greatest vegetarian
source of this compound. The omega-6 fatty acid is also present in its seeds. Quinoa is
distinguished as being a cereal with high-quality protein and absence of gluten. It has high
levels of essential fatty acids, with good oxidative stability and, therefore, the potential to be
used as an alternative culture in oil production. Chia seeds have been considered also a
functional food due to their high levels of proteins, antioxidants, dietary fiber, vitamins, and
minerals [6-8].

The analytical method to be used in the present work is the Neutron Activation Analysis
(NAA). The NAA method has been used for many years at LAN for the analysis of biological
matrices since it presents great sensitivity and accuracy for most elements of nutritional and
toxicological interest. In addition, it has played an important role in monitoring trace
elements in various foods, and has contributed significantly in terms of establishing daily
intake values of many essential elements [9].

2. MATERIALS AND METHODS

2.1. Sampling and Preparation of Functional Foods

Six samples from three species of functional foods commercially available to consumers were
purchased from markets all around S&o Paulo city. The samples analyzed were chia seeds,
quinoa and flaxseed were ground and homogenized using a household mixer, fitted with
titanium blade, until they acquire a powder consistency.

2.2. Instrumental Neutron Activation Analysis (INAA)

For the CI, K, Mg, Mn and Na determination by INAA about 0.100 g of the functional food
samples were irradiated for 20 seconds in a thermal neutron flux of
1.0x10% em? st in a pneumatic station of the nuclear research reactor IEA-R1 at IPEN-
CNEN/SP.

For the Ca, Co, Cr, Fe, Se e Zn determination about 0.200g of the food samples were
irradiates for 8 hours in a thermal neutron flux of 4.5 x10* cm™ s™ in the core of nuclear
research reactor IEA-R1.

Primary standards of the elements and biological certified reference material were
simultaneously irradiated with the samples for standardization and quality control purposes.

Gamma ray measurements were performed using a GC2018 Canberra HPG e detector
coupled to a Canberra DSA-1000 multichannel analyzer. Gamma ray spectra were collected
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and processed using a Canberra Genie 2000 version 3.1 spectroscopy software. Element

content calculations were carried out using a Microsoft Excel spreadsheet.

2.3. Statistical Analysis

Data obtained were subjected to analysis of variance (ANOVA). Differences among means

were determined using the Tukey test.

2.4. Quality Control

The analytical quality of the results for the technique used (INAA) was checked for the
accuracy and precision of the experimental values obtained for the reference materials,
Oyster Tissue SRM 1566b, Bovine Liver SRM 1577b from the National Institute of Standard
& Technology, and Mixed Polish Herb (MPH2) from the Institute of Nuclear Chemistry and
Technology- (INCT- Poland). The results showed relative errors less than 15% and relative
standard deviations below 10%, as may be verified in Table 1. Figure 1 shows the En score
values calculated for the Reference materials analyzed and the values were between -2 to 2.
This means that the determined concentrations were considerate satisfactory within a 95%
confidence interval.

Table 1: Result of element concentrations in the Reference Materials

Oyster Tissue Mixed Polish Herb Bovine Liver
Element SRM 1566b (OT) INCT-MPH2 SRM 1577b (BL)
This study Certified Value This study Certified This study Certified Value
Value

Br mg/kg - - 7.37+£0.92 7.71£0.61 105+0.7 (9.7)°

Ca% 0.086 + 0.015 | 0.0838 +0.0020 | 1.126 +0.067 1.08 £ 0.07 - 0.0116 + 0.0004

Cl % 0.518 £ 0.020 | 0.514 +0.010 0.259 £0.033 | 0.287 £0.020 | 0.249+0.016 | 0.278 £0.006
Co pg/kg 422 + 85 371+9 208 £ 4 210+ 25 265+ 4 (250)
Fe mg/kg 207 £ 20 205.8 +6.8 495 + 10 (460)° 200 + 10 184 + 15

K % 0.679 £0.094 | 0.652 +0.009 2.03+£0.10 1.91+0.12 1.028 £0.016 | 0.994 +0.002

Na % 0.338 +0.034 | 0.3297 +0.0053 | 0.0414 +0.0016 (0.0350)* 0.239£0.012 | 0.242 +0.006

Mg % 0.114 +0.010 | 0.1085+0.0023 | 0.349+0.038 | 0.292 +£0.018 | 0.063 +0.025 | 0.0601 + 0.0028
Mn mg/kg 179+2.3 18.5+0.2 215+ 6 191+ 12 10.7+£0.7 105+1.7
Rbmg/kg | 3.136 £0.022 | 3.262 +0.145 9.9+0.4 10.7 £0.7 143+0.9 13.7+1.1
Zn mg/kg 1333 + 238 1424 + 46 28.4 2.1 335+2.1 122 +11 127 £ 16

& Informative value
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En score for the reference materials
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Figure 1: En score values for the reference materials analyzed by INAA

3. RESULTS AND DISCUSSION

3.1 Essential element concentrations in the functional foods.

Table 2 shows the eleven essential element concentrations in the functional foods, quinoa,
chia seeds and three types of flaxseed: golden, whole-grain and seed analyzed by INAA.

Anova and Tukey tests were applied to verify if there are significant differences among the
three types of flaxseed analyzed. The three types of flaxseed showed significant differences
for the majority of the element concentrations. Only Cl, Fe and Zn concentrations did not
present significant difference between the whole-grain and seed flaxseed samples, Ca for
golden and seed, and K for whole grain and golden.

Table 2: Essential element in the functional foods by INAA

Flaxseed

Element Whole-grain Golden Seed Quinoa Chia seed
Br mg/kg 1.87 +0.14° 1.09 £0.15° 0.67 £0.09° 0.28 +0.04 142+0.14
Ca% 0.228 £0.017* | 0.273 +0.015" 0.267+0.014° 0.074 £ 0.007 0.523 £0.025
Cl % 0.095 + 0.004* | 0.069 +0.003° | 0.0091 + 0.006° 0.061 +0.005 0.0069 +0.010
Co pg/kg 207.6 +9.7° 290 £ 17° 857 + 39° 369+45 1038 + 308
Fe mg/kg 48.4 +5.4° 549 +2.1° 50.0 £ 2.8 36.5+1.8 82.7+59
K % 0.668 +£0.019* | 0.692 +0.018° 0.889 + 0.061° 0.675 £ 0.039 0.577 £0.031
Na % 0.0625 +0.032* | 0.027+0.001° | 0.0080 +0.0008° | 0.0012 +0.0001 | 0.00064 + 0.00001
Mg % 0.302 £ 0.011° 0.394 +0.03° 0.241 £ 0.037° 0.164 £ 0.016 0.305 +0.012
Mn mg/kg 25.8+2.7° 323+2.2° 323+2.8° 247+1.38 85.5+5.6
Rb mg/kg 1.83 +0.14° 4.01 +0.39° 4.98 +0.40° 121 +£0.7 16.8 £0.7
Zn mg/kg 48.8 +1.4° 66.9 +4.7° 50.1 £6.2° 23.2+16 54.4+3.0

*same letter indicate that the difference of the means is not significant at the 0.05 level
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Some literature data are shown in Table 3 for only quinoa samples compared with the
obtained concentration in this study. There is no more data for other elements and for the

flaxseed and chia samples.

Table 3: Element concentration in quinoa sample from different studies (mg/1009)

Reference Ca K Mg Fe Mn Zn
Alvarez et al[10] 32933 - 206.8+ 6.4 55+0.5 - 1.8+£0.0
Nascimento et al[7] 44+ 1.7 664 + 15 197+8.1 | 546+0.02 | 1.95+0.10 2.93£0.07
Bolanosetal [11] | 44.7+0.6 | 603.5+52 | 177.0+£19 - 2.41 £0.02 2.81£0.04

This study 73.7+6.7 | 675+39 164+16 | 3.65+0.18 | 2.47+0.18 2.32+£0.16

3.2. Contribution of the functional food to recommended intake for the essential
elements

According to the National Household Food Budget Institute Survey, POF 2008-2009 from
Brazilian Institute for Geography and Statistic (IBGE) the consumption of nut and seed by
the population is about 2 g/day.[9 ]. In the Table 4 are shown the Dietary Recommended
Intake values (DRI) for the essential elements for adults 19-50 years and >50 years [12] and
the contribution of mineral intake of DRI expressed in %, based on consumption of 2g of

flaxseed, quinoa and chia.

Table 4: Contribution (%) of essential element for DRI based on consumption of 2g

seed/day
Life stage DRI Contribution of essential elements for DRI (%)
Element | groups mg/day Golden Flaxseed Quinoa Chia seed
19-50years 1000 0.55 0.15 1.5
Ca >50year 1200 0.46 0.12 0.87
19-50years 4700 0.29 0.29 0.25
K >50year 4700 0.29 0.29 0.25
19-50years 8/18° 0.61 0.91 2.1/0.92
Fe >50year 8 1.3 0.41 2.1
19-50years | 420/320° 1.8/2.4 0.78/1.02 1.45/1.90
Mg >50year 320 2.4 1.02 1.90
19-50years 2.3/1.8° 2.8/ 3.6 2.2/2.8 7.4/9.5
Mn >50year 2.3/1.8° 2.8/ 3.6 2.2/2.8 7.4/9.5
19-50years | 1200-1500 0.045-0.036 0.0020 -0.0016 | 0.0011-0.0009
Na >50year | 1200-1500- 0.045-0.036 0.0020 -0.0016 | 0.0011-0.0009
19-50years 11/8° 1.2/1.7 0.42/0.58 1.0/1.4
Zn >50year 11/8° 1.2/1.7 0.42/0.58 1.0/1.4

& for Male/Female

INAC 2019, Santos, SP, Brazil.

618




The contributions to dietary daily intake are not relevant due to the low consumption (2g/day)
of this kind of food by the population. The contribution for DRI varies between 0.0091% (Na
in chia) and 9.5% (Mn in chia). However, if the daily consumption increases these foods can
be considered good sources of essential elements. It should be noted that the Na
concentrations are very small, mainly in chia seed, suggesting the use these functional foods
in a hypertensive diet.

3. CONCLUSIONS

Important nutritional elements, like Br, Co, Cl, Ca, Na, K, Mg, Mn, Fe, Rb and Zn were
determined by Instrumental Activation Analysis in three kinds of functional foods. The
results showed that if daily consumption increases these foods can be considered good
sources of essential elements.

ACKNOWLEDGMENTS

The authors would like to thank CNEN and CNPq for fellowships and financial support.

REFERENCES

1. I. Siro, E. Kapolna, B. Kapolna, A. Lugasi “Functional food. Product development,
marketing and consumer acceptance—A Review”. Appetite, VVol. 51, pp. 456-467(2008).

3. F. P. Moraes, L. M. Colla,. “Alimentos funcionais e Nutracéuticos: defini¢des, legislacao
e beneficios a saude ”. Revista Eletronica de Farmécia, vol.3(2), pp. 109-122 (2006).

4. V. A.S. Calderelli, , M. T. Benassi, J. V. Visentainer,. G. Matioli, “Quinoa and Flaxseed:
Potential Ingredients in the Production of Bread with Functional Quality”. Brazilian
Archives of Biology and Technology. VVol.53 (4), p,p.981-986 (2010).

5. Z. Szakaly, V. Kover, Z. Polereczkim, O. Szigeti. “The influence of lifestyle on health
behavior and preference for functional foods”. Appetite, Vol.58, pp. 406- 413 (2012).

6. B. Goetzke, S. Nitzko, A. Spiller, “Consumption of organic and functional food. A matter
of well-being and health?”. Appetite, Vol.77C, pp.94-103 (2014).

7. V.Lobo, A. Patil, A.Phatak, N.Chandra. “Free radicals, antioxidants and functional foods:
Impact on human health”. Pharmacognosy Review, VVol.4(8), pp.118-126 (2010).

8. A. C. Nascimento, C. Mota, I. Coelho, S. Gueifdo, M. Santos, A. S. Matos, A. Gimenez,
M. Lobo, N. Samman, I. Castanheira. “Characterisation of nutrient profile of quinoa
(Chenopodium quinoa),amaranth (Amaranthus caudatus), and purple corn (Zea mays
L.)consumed in the North of Argentina: Proximates, minerals and trace elements” Food
Chemistry, Vol.148, pp. 420-426 (2014).

9. J. B. Ambrogi, R. P. Avegliano, V. A. Maihara. “Essential element contents in food
groups from the second Brazilian total diet study”. Journal Radioanalytical Nuclear
Chemistry, Vol. 307, pp.2209-2216 (2016).

10. L. Alvarz-Jubete, E. K. Arendt, E. Gallagher. “Nutritive value of pseudocereals and their
increasing use as functional gluten-free ingredients” Trends in Food Science &
Tecnology, Vol. 21, pp.106-113 (2010).

INAC 2019, Santos, SP, Brazil.

619



11. D. Bolanos, E. J. Marchevsky, J. M. Camina. “Elemental Analysis of Amaranth, Chia,
Sesame, Linen and Quinoa Seeds by ICP-OES: Assessment of classification by
chemometrics”. Food Analytical Methods, Vol. 9, pp.477-484 (2016).

12. Institute of Medicine. Dietary Reference Intakes (DRIs): Estimate Average
Requirements Food and Nutrition Board, National Academy,
http://www.nal.usada.gov/fnic/DRI/DRI_Tables/recommended_intakes_individual.pdf
(2006).

INAC 2019, Santos, SP, Brazil.

620


http://www.nal.usada.gov/fnic/DRI/DRI_Tables/recommended

