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INTRODUCTION

Quinoa, a so-called “superfood”, is considered as the most nutritious grain in the world. It has a
variety of uses in the food, feed, food processing and other non-food/industrial uses. Quinoa is one of
the main food crops in Latin America but recently has raised interest in North America, Europe, and
Asia (AAFRD, 2005).

Quinoa is originally from the Andes region in South America. It is seen as the most nutrient-dense
‘grain’ in the world, because of its protein quality (amino acids pattern), minerals and vitamin content.
Other great features of quinoa are gluten-free and low glycemic index (NIFS, 2012).

Yazar et al. (2015) reported that quinoa was introduced in Turkey for the first time in 2008 as part
of a European Union project within the seventh framework programme titled “Sustainable water use
securing food production in dry areas of the Mediterranean region”.

Quinoa plants can be used to nutrification for humans and animals by eaten both seeds and leaves.
Quinoa is also very beneficial for digestion as it contains twice as much nutrient fiber as other cereal
products. Effects of quinoa added to rations of feed; It can vary depending on the chemical structure,
quantity, and characteristics of the animals (Balc1 and Cetin, 2017).

Since quinoa does not contain gluten, it can be used as a food source that meets the protein and
carbohydrate needs of celiac patients (Bilgicli and Ibanoglu, 2015).

Table 1: Pre-washed quinoa nutritional content values reported by USDA.

Nutrient Unit Cup4bg Value per 100 g
Proximates

Energy kcal 160 356
Protein g 6.00 13.33
Total lipid (fat) g 2.50 5.56
Carbohydrate, by g 30.00 66.67
difference

Fiber, total dietary g 2.0 4.4
Sugars, total g 2.00 4.44
Minerals

Calcium, Ca mg 20 44
Iron, Fe mg 2.70 6.00
Sodium, Na mg 10 22
Vitamins

Vitamin C, total ascorbic mg 0.0 0.0
acid

Vitamin A, 1U IU 100 222
Lipids

Fatty acids, total g 0.000 0.000
saturated

Fatty acids, total trans g 0.000 0.000
Cholesterol mg 0 0
USDA 2019

The seeds can be cooked like rice and used in salads, soups, and curries. Quinoa may also be used
as an alternative to pasta. When cooked, the seed has a fluffy consistency but it is slightly crunchy to
bite. The seed has a mild delicate nutty flavour. Quinoa leaves are also palatable but they are not
commonly consumed. The seed and leaves of the quinoa plant contain many bioactive compounds that
have antioxidant, anti-allergic, anti-inflammatory, antiviral and anticarcinogenic properties. The
nutritional significance of quinoa is that it is one of the plant foods that contains all essential amino
acids. Quinoa contains its amino acids within the seed (in the embryo), which is the consumed portion
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of the seed. This is unlike other staple grains such as rice and wheat that contain amino acids in the hull
of the grain and therefore, they are lost during de-hulling or de-husking. Quinoa does not contain gluten,
which is another feature that has attracted much interest in recent years (Kealey, 2017).

Leaves, stems and grains are used in alternative medicine for different purposes. Saponin found in plants
and seeds has the potential to be used in pharmaceutical production, pesticide production and food
industry (Zurita-Silva et al., 2014).

Nutrient content of quinoa in general

Wright et al. (2002) stated that protein content of quinoa grains varies between 7 and 22%. Seeds
with a balanced protein content in terms of essential amino acids are considered an ideal source of
nutrition. Lysine (5.1-6.4%) and Methionine are rich in amino (0.4-1.0%) acids that are missing in
cereals. Besides a balanced amino acid content, it is rich in vitamins and especially mineral substances
such as calcium, iron and phosphorus (Vega-Galvez et al., 2010). Koziol (1992) reported that 51% to
61% of the starch in grain. Because of its high viscosity, it is used in starch industry (Galwey et al.,
1990).

Table 2: Comparison of selected nutritional qualities in quinoa and other grains, including proteins, vitamin B1, Fe and
Ca minerals

Type of grain Vit Bl

Proteins g in 100 g (%) (mg 100 g%) Fe (ppm) Ca (ppm)

Quinoa 9-16 0.39 133 1200
Wheat 12.6 0.3 40 360
Maize 9.4 0.3 25 100
White rice 6.7 0.08 4.6 40

Millet 11.0 0.3 30 201
Soybean 36.5 0.9 157 2770
Sunflower 22.8 1.9 6.3 38

Sorghum 11.3 0.34 45 260

Source: Martinez 2015

Quinoa seed is a highly nutritious human food. It is a relatively good source of minerals such as
protein, calcium, iron and vitamins E and B. All 8 essential amino acids required for tissue development
in humans are found in the seed of this plant. Methionine amino acids, which are low in lysine, cysteine
and other grains, are also extremely high. Therefore, quinoa is considered to be a great source of protein
(Repo Carrasco Valencia and Serno, 2011). In the quinoa that contains almost all vitamins such as A, B,
C, D and K has not cholesterol (Miranda et al., 2012).

Nutrient contents of quinoa plant are given briefly in United States Department of Agriculture
(USDA), Agricultural Research Service, Food Products Database (Table 1). Among quinoa and some
other grains comparison nutritional qualities and amounts are given to table 2.

The aim of this study is to determine the quality criteria of kinoa genotypes brought from abroad
and to evaluate them in future breeding studies.

MATERIAL AND METHODS

Materials
In 2016 nutritional contents of 20 quinoa genotypes brought from USDA were examined at 2017.
The label numbers of the genotypes are given in the table 3.
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Table 3: The label names of materials

No Genotypes Name of Label in USDA
1 83-7 P1614927 CQ 127

2 85-2 P1614928 CQ 130

3 85-3 P1614928 CQ 130

4 86-7 P1614928 CQ 128

5 124-2 SI478411 R-67

6 124-5 S 478411 R-67

7 126-3 478415 R-71

8 127-2 SI 478418 R-132

9 127-5 SI 478418 R-132

10 129-1 PI 510526 ANCCO CCANAHUA(AYMARA) CANIHUA BLANCO
11 186-1 P1 666304 BYU 534
12 187-3 P1 666316 BYU 520
13 188-2 P1 666298 BYU 525
14 191-2 P1 666270 BYU 546
15 192-4 P1 666322 BYU 548
16 197-1 AMES28064 BYU 552
17 208 P1 658755 1022

18 2012-2 P1 666281 BYU 702
19 215 P1 666284 BYU 879
20 219-1 P1 666288 BYU 578
Analyses

The moisture content determination was carried out according to Elgiin et al. (2002) and AOAC
(2005). The determination of crude protein content was carried out by Anonymous 1980's kjeldahl
method. Saponin content was determined to the method indicated by Giiclii Ustiindag et al. (2007). The
oil content determination was performed by soxhlet method and calculation as stated by Kraujalis et al.,
(2013). The amounts of B vitamins (as water soluble B1, B2, B3, B5, B6, B7, B9) in quinoa seed were
made according to Kivrak 2015 in UHPLC-MS / MS device. Vitamin C content was by certification of
NBS (N-bromosuccinimide) determined according to Barakat et al. (1955). Free amino acid profile
analysis in quinoa seed were made using UHPLC-MS / MS device according to Kivrak (2015) method.
In the determination of the mineral matter (Mn, Mg, Cu, Fe, Zn, Pb and Cd) of the quinoa seed used in
the study, Chaves et al. (2010) as it does, the ICP-MS method was utilized. Mineral contents of the
samples in mg kg are given as indicated by Falandysz et al. (2010).

RESULTS AND DISCUSSIN

Content of moisture

The moisture content of the quinoas ranged from 11.96% to 12.91%. All were found to be in
storage humidity (Table 4).

Highest moisture content to safe storage; should be for wheat 14%, for corn, barley, oats and
sorghum 13%, for rice 12-13% (Hoseney, 1986).
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Table 4: Parameter and analysis results

Genotypes Moisture (%0) Protein (%) Saponin % (g 100g™) Oil (%) (in dry matter)
83-7 12.91 12.07 1.04 5.8
85-2 11.96 13.05 0.82 6.2
85-3 12.73 12.47 1.21 5.9
86-7 12.61 12.60 1.33 5.8
124-2 12.83 12.60 1.09 5.9
124-5 12.65 12.34 1.17 6.1
126-3 12.12 13.19 1.23 6.3
127-2 12.31 12.59 0.95 6.2
127-5 12.58 12.76 1.87 6.0
129-1 12.58 12.79 1.28 5.9
186-1 12.45 12.43 1.17 5.7
187-3 12.61 12.43 1.43 5.8
188-2 12.79 12.40 1.23 5.9
191-2 12.76 12.91 1.10 5.9
192-4 12.84 12.29 1.54 5.9
197-1 12.45 12.75 1.00 6.0
208 12.43 12.68 1.29 6.2
2012-2 12.02 12.68 1.12 5.8
215 12.15 12.52 1.25 6.2
219-1 12.63 12.34 1.32 6.3
min. 11.96 12.07 0.82 5.70
max. 12.91 13.19 1.87 6.30
mean 12.52 12.59 1.22 5.99
skewness -0.68 0.39 1.07 0.38
kurtosis -0.51 0.28 2.80 -1.19
sd 0.28 0.27 0.22 0.19
cV 2.24 2.14 18.40 3.11

sd: standard deviation CV: coefficient of variation

Content of protein

Crude protein values of quinoa genotypes ranged from 12% to 13% (Table 4). This protein value
was found to be the same as the protein amount of wheat (Table 2).

Xu et al. (2019) reported that the protein content (g 100g™) value of fermented quinoa between
19.34%-28.46%, and which were higher than that of control (159%-234%). Kakabouki et al. (2014)
observed greatest crude protein value 27%.

Acording to other cereals protein content is higher in quinoa. And these proteins are concentrated
in the embryo and the majority of their are albumin and globulin (Lindeboom, 2005; Schoenlechner et
al., 2008). It has a very good protein quality and can contain between 8-22% protein (Jancurova et al.,
2009). The protein ratio shows significant differences between the varieties (Bhargava et al., 2007; Repo
Carrasco Valencia and Serno, 2011).

Content of saponin

The quinoa material 85-2 may be suitable as food, and the material 127-5 may be suitable for use
in industry. In this study, the amount of saponin ranged from 0.824 to 1.869 (Table 4).

In order to use quinoa as food, it is desirable that the amount of saponin be low. High saponin
quinoas are used in the industry. Our quinoa materials were suitable for both food and industrial use.
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Saponins possess a broad variety of biological effects as antimicrobial, antioxidant, antiviral,
analgesic, antiinflammatory and cytotoxic activity, effect on the absorption of minerals and vitamins and
immunostimulatory effects, increased permeability of the intestinal mucosa neuroprotective action, and
reduction of fat absorption (Giiglii Ustiindag and Mazza, 2007).

Seeds can be colored in black, orange, pink, red, yellow or white. The seed color is due to the
saponin content in the shell (Prego et al., 1998).

The saponin is between 0.14-0.73% in seed, and an anti-nutritional element in the shell of its seed
and gives a bitter taste. Before consumption the seed must be removed from its shell because of this
bitter taste. (Bhargava et al., 2006; Abugoch, 2009). Brady et al. (2007) reported that the bitter taste by
saponins could be reduced by extrusion and roasting processes.

In the quinoa grain, the saponin content is 0.03-2.05% and this ratio is lower than soybean (James,
2009; Schoenlechner et al., 2008). Enriquez et al. (2003) reported that saponin which negatively affects
the taste and colour of quinoa, has no negative effect on proteins and especially on amino acid
composition.

Content of oil

The oil content of the materials varied between 5.8 and 6.3% in dry matter (refer to table 4). It was
seen that the amount of fat was higher than the wheat, barley, oats and rye used as cereals in terms of
unsaturated fatty acid and lower than soybean. The fat content of the materials was found to be equivalent
to oiled corn grain.

Xu et al. (2019) reported that the crude oil content (g 100gt) was between 3.31% and 4.64% and
but this rate was 5.64% in unfermented quinoa.

The rate of unsaturated fatty acids is high in Quinoa. Oleic acid forms a large part. Especially
omega-6 and omega-3 fatty acids are cannot be synthesized in the human body and they must be obtained
from foods (Bayram et al., 2018).

Quinoa also has a rich content of essential unsaturated fatty acids (Park and Morita, 2004). The
high fat content and the high antioxidant vitamin-E content in quinoa (approximately 700 ppm a-
tocopherol and 840 ppm y-tocopherol) prevent rapid lipid oxidation (Koziol, 1992). Fat content (6-7%)
is higher than cereals (Reichert et al., 1986).

Content of vitamin B

As a result of the analysis, B3 (nicotinamide), B6 (pyridoxamine), B6 (pyridoxal) could not be
read below the reporting limit. B1 (thiamine), B2 (riboflavin), B3 (niacin), B5 (pantothenic acid), B6
(pyridoxine), B7 (biotin), B9 (folic acid) contents of the readings ranged from 0.256 to 19.205. It was
determined by the results of the analysis that was rich in B vitamins. B1, B2, B3, B5, B7, B12 and Folic
acid were found but not B6 and Choline (bitartrate) (Table 5).

Quinoa is also rich in microelements such as vitamins. Vitamins E and B (especially folic acid) is
also an important source of food (Dogan and Karwe, 2003; Repo Carrasco Valencia et al., 2003; Alvarez
Jubete et al., 2010; Vega Galvez et al., 2010). Koziol 1992 and Galwey et al., 1990 reported that 100 g
of seeds can meet the daily vitamin B6 and folic acid requirements of children and adults. The riboflavin
content at 100 g accounts for 80% of children's daily needs and 40% of adults. Niacin and a carotene
are also very rich (Bayram et al., 2018).
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Table 5. Amount of vitamin B content in quinoa seeds (mg kg™)

B
s 5 2

. e £ = F 5 3 ¢ s
g £ = < = S 3 - 5 & ©
= S 3 3 3 S 5 s 5 &8 3
2 = = c c o a a a e L
& @ @ @ @ @ @ @ m o @
83-7 424 319 1526 <R.L 1.23 <R.L <R.L 499 NF 1.96
85-2 359 315 1537 <R.L. 0.55 <R.L. <R.L. 460 NF 178
85-3 387 3.05 1521 <R.L. 1.95 <R.L. <R.L. 506 NF 194
86-7 3.61 328 16.72 <R.L. <R.L. <R.L. <R.L. 483 NF 1.83
124-2 436 350 19.21 <R.L. 0.25 <R.L. <R.L. 543 NF 2.03
124-5 3.89 322 1535 <R.L. 0.61 <R.L. <R.L. 487 NF 191
126-3 3.62 315 15.39 <R.L. <R.L. <R.L. <R.L. 463 NF 1.79
127-2 3.37 318 15.86 <R.L. <R.L. <R.L. <R.L. 441 NF 1.69
127-5 3.77 324 16.54 <R.L. 1.14 <R.L. <R.L. 505 NF 191
129-1 3.29 3.07 15.99 <R.L. 191 <R.L. <R.L. 451 NF 1.69
186-1 3.14 315 12.05 <R.L. <R.L. <R.L. <R.L. 3.83 NF 154
187-3 3.72 301 1467 <R.L. 1.25 <R.L. <R.L. 476 NF 184
188-2 396 316 15.78 <R.L. 1.466 <R.L. <R.L. 518 NF 1.98
191-2 3.02 270 1331 <R.L. <R.L. <R.L. <R.L. 404 NF 153
192-4 3.26 3.15 16.40 <R.L. <R.L. <R.L. <R.L. 4.47 NF  1.67
197-1 3.45 3.24 13.44 <R.L. 1.70 <R.L. <R.L. 4.32 NF  1.69
208 3.65 3.45 16.82 <R.L. <R.L. <R.L. <R.L. 4.67 NF 181
2012-2 3.42 3.14 15.66 <R.L. <R.L. <R.L. <R.L. 4.48 NF 1.72
215 3.90 3.22 16.41 <R.L. 1.96 <R.L. <R.L. 5.23 NF  1.98
219-1 390 313 16.33 <R.L. <R.L. <R.L. <R.L. 535 NF 2.00
min 3.02 270 12.05 0.25 3.83 1.53
max 436 350 19.21 1.96 5.43 2.03
mean 3.65 317 15.59 1.27 4,74 181
skewness 0.15 -0.69 -0.24 -0.44 -0.29 -0.37
kurtosis -0.26  3.83 1.99 -1.03 -0.25 -0.79
sd 035 0.16 1.50 0.60 0.42 0.15
cVv 956 507 9.60 46.99 8.93 8.25
<R.L.: Below the Reporting Limit. R.L.: Reporting Limit (0.5 mg kgt)

sd: standard deviation CV: coefficient of variation

Content of vitamin C

As a result of the analysis, it was seen that all materials were between 5.32 and 10.30 in terms of
vitamin C (mg kg™), refer to table 6. Vitamin C content seems to be sufficient.

Vitamin C contained in quinoa 4.16 mg 100g™* available (Ruales and Nair, 1993).
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Table 6. Amount of vitamin C content in quinoa seeds (mg kg™)

Genotypes Vitamin C (L-ascorbic acid)
83-7 5.88
85-2 8.03
85-3 5.82
86-7 9.16
124-2 7.12
124-5 8.60
126-3 5.38
127-2 8.45
127-5 6.70
129-1 7.60
186-1 4.62
187-3 8.30
188-2 5.96
191-2 6.89
192-4 5.86
197-1 8.46
208 6.34
2012-2 10.30
215 6.93
219-1 9.01
min 4.62
max 10.30
mean 7.27
skewness 0.17
kurtosis -0.68
sd 1.49
CcVv 20.43

sd: standard deviation CV: coefficient of variation

Content of amino acid

14 amino acid values were measured in 20 materials. There was no cystine amino acid and serine
amino acid (below the reporting limits). In the results, 12 of the basic amino acids contained values
ranged from 10.97 to 1133.16. The lowest and highest amino acid values were observed in methionine
and aspartic acid. The average values of methionine basic acid ranged from 2.16 to 13.87. The average
values found in aspartic acid ranged from 680.67 to 1133.16. Other amino acids varied between these
values (Table 7).

Quinoa seed contains all essential amino acids and more than 37% essential amino acids (Koziol,
1992; Lindeboom, 2005; James, 2009). Quinoa containing essential amino acids in a very balanced ratio
is also close to milk protein in terms of protein quality (Repo Carrasco Valencia et al., 2003).
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Table 7. Amount of amino acids in quinoa seeds (mg kg™)

Genotypes  arginine histidine lysine  aspartic acid glutamic acid cystine proline

83-7 15.91 11.08 52.66 935.40 330.23 <R.L. 35.76
85-2 13.24 14.12 50.79 972.09 382.86 <R.L. 22.57
85-3 14.70 13.05 43.99 1036.50 397.78 <R.L. 12.64
86-7 20.56 28.93 49.40 780.53 298.53 <R.L. 39.99
124-2 10.97 21.43 42.95 680.67 264.87 <R.L. 36.23
124-5 18.34 21.04 37.46 850.26 345.02 <R.L. 42.75
126-3 13.32 19.81 36.92 1085.26 213.99 <R.L. 24.78
127-2 16.92 26.34 38.34 1098.25 330.48 <R.L. 16.05
127-5 17.44 28.34 42.34 1056.01 414.85 <R.L. 17.11
129-1 17.23 18.91 43.00 807.96 259.10 <R.L. 14.99
186-1 21.72 29.34 53.19 1133.16 408.05 <R.L. 33.45
187-3 23.13 20.51 37.97 787.72 326.25 <R.L. 17.52
188-2 23.49 27.27 46.12 917.75 390.25 <R.L. 44.48
191-2 25.84 13.21 43.62 876.13 268.53 <R.L. 25.93
192-4 27.97 23.80 52.96 1052.45 361.20 <R.L. 19.63
197-1 17.93 21.81 47.77 1000.28 317.44 <R.L. 22.33
208 18.39 22.24 41.02 807.25 307.47 <R.L. 27.07
2012-2 15.75 17.49 36.56 763.27 259.39 <R.L. 17.12
215 1541 15.63 44.25 859.91 272.26 <R.L. 38.71
219-1 20.14 12.97 45.48 904.95 206.46 <R.L. 13.23
min 10.97 11.08 36.56 680.67 206.46 12.64
max 27.97 29.34 53.19 1133.16 414.85 44.48
mean 18.42 20.37 44.34 920.29 317.75 26.12
skewness 0.53 0.03 0.23 0.02 -0.08 0.42
kurtosis -0.06 -1.13 -1.00 -1.06 -0.91 -1.27
sd 4.37 5.79 5.45 129.42 62.52 10.50
Ccv 23.70 28.44 12.29 14.06 19.68 40.20
<R.L. : Below the Reporting Limit. R.L.: Reporting Limit (0.5 mg kgt)

sd: standard deviation CV: coefficient of variation

In general, it is very rich in lysine amino acid, which is present in low amounts in cereals. It also
contains a significant amount of methionine and cysteine. In this respect, it is a good complement to
many legumes with low methionine and cysteine content (Dogan and Karwe, 2003; Jancurova et al.,
2009). The protein activity ratio (PER) is similar to that of casein (Ranhotra et al., 1993). Digestibility
(84.3%) was lower than casein (88.9%). The net protein utilization (NPU) value of quinoa proteins is
75.2 and the biological value is 82.6 (Ruales and Nair, 1992).
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Table 7. Amount of amino acids in quinoa seeds (mg kg) (continue)

Genotypes  serine threonine valine methionine tyrosine leucine+isoleucine phenylalanine
83-7 <R.L. 39.88 135.44 4.96 25.46 50.04 55.10
85-2 <R.L. 52.53 77.39 4.70 29.25 47.73 49.59
85-3 <R.L. 24.86 51.54 5.78 23.54 48.29 42.73
86-7 <R.L. 25.10 45.81 8.34 22.79 38.58 39.16
124-2 <R.L. 56.01 39.01 5.60 16.53 47.02 33.65
124-5 <R.L. 38.48 77.64 3.55 23.70 41.47 47.55
126-3 <R.L. 22.85 62.11 3.54 37.27 41.94 53.17
127-2 <R.L. 27.44 90.70 451 39.84 43.27 55.47
127-5 <R.L. 35.94 72.76 6.41 33.13 51.70 45.23
129-1 <R.L. 27.05 65.81 2.16 26.33 35.12 42.75
186-1 <R.L. 23.92 61.91 6.96 41.42 37.62 61.88
187-3 <R.L. 38.42 77.23 7.57 31.01 49.10 45.64
188-2 <R.L. 35.73 66.65 9.43 44.95 36.53 75.39
191-2 <R.L. 21.05 89.69 9.46 41.80 41.59 52.38
192-4 <R.L. 27.09 81.21 6.68 32.64 52.92 38.87
197-1 <R.L. 32.51 78.35 7.79 42.87 52.23 43.38
208 <R.L. 36.93 90.41 7.39 34.15 37.75 50.56
2012-2 <R.L. 44.64 38.41 13.87 24.88 60.86 49.67
215 <R.L. 43.89 61.90 11.45 26.87 57.59 48.29
219-1 <R.L. 33.94 167.40 10.43 15.97 37.55 37.44
min 21.05 38.41 2.16 15.97 35.12 33.65
max 56.01 167.40 13.87 44.95 60.86 75.39
mean 34.41 76.57 7.03 30.72 45.45 48.40
skewness 0.64 1.65 0.56 0.05 0.42 1.15
kurtosis -0.15 3.67 0.24 -0.94 -0.71 2.51
sd 9.79 30.45 291 8.63 7.40 9.38
Cv 28.46 39.76 41.34 28.10 16.28 19.39
<R.L. : Below the Reporting Limit. R.L.: Reporting Limit (0.5 mg kg

sd: standard deviation CV: coefficient of variation

Content of mineral matter

No toxic lead or cadmium, which is carcinogenic in mineral content. Other mineral substances
were found to contain differently. Mn (manganese) from 14.25 to 45.64 mg kg*, Mg (magnesium) from
1713 to 3068 mg kg*, Fe (iron) from 65.58 to 530 mg kg™, Cu (copper) from 5 to 7 mg kg*, Zn (zinc)
ranged from 1.27 to 14.28 mg kg™ (Table 8).

Tan (2019) reported that Mn from 49.0 to 161.3 mg kg, Mg from 962 to 2344 mg kg*, Fe from
265.9 to 498.6 mg kgt, Cu from 27.4 to 92.5 mg kg%, Zn from 41.3 to 85.2 mg kg* ranged.
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The mineral content of quinoa was collected in the outer bran layer, such as cereals (Repo Carrasco
Valencia et al., 2011). The mineral content is about twice that of other grains. Growth conditions also
affect the mineral content (Karyotis et al., 2003). Since the quinoa and other pseudocereals are rich in
these minerals and other important minerals, the nutritional deficit can be easily closed (Alvarez-Jubete
et al., 2009; Alvarez-Jubete et al., 2010).

Table 8. Amount of mineral matter in quinoa seeds (mg kg™)

Genotypes Mn Mg Cu Fe Zn Pb Cd
83-7 28.12 2581 6.47 78.81 11.28 <R.L <R.L
85-2 25.66 2102 6.08 80.60 11.97 <R.L. <R.L.
85-3 23.72 2633 6.58 85.27 12.98 <R.L <R.L
86-7 27.12 1907 5.88 83.08 10.43 <R.L. <R.L.
124-2 26.07 2046 6.11 67.26 10.07 <R.L. <R.L.
124-5 25.88 2221 6.60 154.00 1.27 <R.L <R.L
126-3 24.70 1713 5.34 107.00 14.19 <R.L <R.L
127-2 21.86 1924 5.32 65.58 12.16 <R.L <R.L
127-5 25.28 2049 6.68 91.04 11.56 <R.L <R.L
129-1 28.72 2380 5.99 83.21 12.17 <R.L <R.L
186-1 14.25 2041 5.00 68.51 9.07 <R.L. <R.L.
187-3 22.71 2211 5.15 77.29 9.16 <R.L <R.L
188-2 23.56 2872 6.35 80.40 10.28 <R.L. <R.L.
191-2 45.64 3068 6.25 530.00 12.12 <R.L <R.L
192-4 29.89 1854 6.09 179.00 14.28 <R.L. <R.L.
197-1 31.70 2200 6.96 109.00 13.19 <R.L. <R.L.
208 30.55 1902 7.49 94.35 12.87 <R.L <R.L
2012-2 26.66 2341 6.66 92.77 12.22 <R.L <R.L
215 28.11 2371 6.98 253.00 11.50 <R.L <R.L
219-1 33.35 1966 6.25 84.91 11.37 <R.L <R.L
min 14.25 1713.00 5.00 65.58 1.27

max 45.64 3068.00 7.49 530.00 14.28

mean 27.18 2219.10 6.21 123.25 11.21

skewness 1.14 0.96 -0.24 3.38 -2.62

kurtosis 4.85 0.53 -0.17 1241 9.22

sd 5.97 352.16 0.65 105.86 2.74

CVv 21.98 15.87 10.40 85.89 24.48

<R.L. : Below the Reporting Limit. R.L.: Reporting Limit (0.5 mg kg%
sd: standard deviation CV: coefficient of variation

CONCLUSIONS

In fact quinoa which dates back to ancient civilizations was re-introduced to the world, declared
at 2013 as the Year of quinoa in order to achieve the next millennium development goals by the United
Nations Council. The most important characteristics of quinoa are gluten-free and very high nutritional
value. Quinoa is a good without gluten diet product for celiac patients.

As a result of the research, absent of cadmium and palladium elements in the mineral content are
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nutritionally important. The amino acid content is similar to the literature, in particular the lysine amino
acid, the need for daily lysine varies depending on age and weight. The daily requirement for children
aged 2 to 12 years is specified as 23 milligrams per kilogram of body weight. In terms of vitamin C
content, our samples were slightly higher than the average of the literature. Vitamin B and other
parameters (moisture, protein, saponin and fat) in terms of our samples were found to coincide with the
literature values.

The use of quinoa as an additional product in food products is expected to increase in our country
over the years. In addition, studies on quinoa cultivation and breeding seem inevitable.

ACKNOWLEDGEMENT
We want to thanks Akdeniz University Food Safety and Agricultural Research Center for analyzes.

REFERANCES

AAFRD, 2005. Quinoa The Next Cinderella Crop for Alberta? Alberta Agriculture, Food and Rural Development.
Retrieved on March 13, 2019 from: https://wwwl.agric. gov. ab. ca/$department/deptdocs.
nsf/all/afu9961/$FILE/quinoa_final_report_june_05.pdf

Abugoch JLE, 2009. Quinoa (Chenopodium quinoa Willd.): composition, chemistry, nutritional, and functional
properties. Advances in Food and Nutrition Research. 2009;58:1-31. doi: 10.1016/S1043-4526(09)58001-
1.

Alvarez-Jubete L, Arendt EK, Gallagher E, 2009. Nutritive value and chemical composition of pseudocereals as
gluten-free ingredients. International Journal of Food Sciences and Nutrition, 60(4), 240-257

Alvarez Jubete L, Arend, EK, Gallagher E, 2010. Nutritive value of pseudocereals and their increasing use as
functional gluten-free ingredients. Trends Food Science Technology, 21, 106-113.

Anonymous, 1980. ICC Standard No: 105/1. Method for the determinations of crude protein in cereals and cereal
products for food and for Feed. Standard Methods of the International Association for Cereal Chemistry
(ICC). Verlag Moritz Schafer. Detmold

AOAC, 2005. Official methods of analysis of international. The association of official agricultural chemists. Suite
500 481 North frederick avenue Gaithersburg, Mary Land 20877-2417, USA.

Balc1 AB, Cetin MD, 2017. Kinoa’nin (Chenopodium quinoa Willd.) insan ve balik beslenmesindeki yeri. 2nd
International Academic Research Congress (INES), 18-21 October, Alanya, 2256-2260. (in Turkish)
Barakat MZ, EI-Wahab, MFA, EI-Sadr MM, 1955. Action of N-bromosuccinimide on ascorbic acid. Biochemistry

Department, Faculty of Medicine, Abbassia, Cairo, Egypt. Analytical Chemistry 27:536-540.
Bayram M, Pekacar S, Deliorman Orhan D D, 2018. Kinoa ve Saglik Uzerine Etkileri Giimiishane Universitesi
Saglik Bilimleri Dergisi 2018; 7(2): 47 -57. (in Turkish)

Bhargava A, Shukla S, Ohri D, 2007. Genetic variability and interrelationship among various morphological and
quality traits in quinoa (Chenopodium quinoa Willd.). Field Crops Research, 101:104-116. doi:
10.1016/j.fcr.2006.10.001

Bhargava A, Shukla S, Ohri D, 2006. Chenopodium quinoa-an Indian perspective. Industrial Crops and Products,
23, 73-87.

Bilgicli N, Ibanoglu S, 2015. Effect of pseudo cereal flours on some physical, chemical and sensory properties of
bread. Journal of Food Science and Technology, 52: 7525-7529.

Brady K, Ho CT, Rosen RT Sang, S, Karwe MV, 2007. Effects of processing on the nutraceutical profile of
quinoa. Food Chemistry 100 (2007) 1209-1216. doi:10.1016/j.foodchem.2005.12.001

Chaves ES, Santos EJ, Araujo RGO, Oliveira JV, Frescura VLA, Curtius AJ, 2010. Metals and phosphorus
determination in vegetable seeds used in the production of biodiesel by ICP OES and ICP-MS.
Microchemical Journal 96: 71-76. doi:10.1016/j.microc.2010.01.021.

Dogan H, Karwe MV, 2003. Physicochemical properties of quinoa extrudates. Food Science and Technology
International, 9(2), 101-114.

1407



Ali KOC ve Metin Durmus CETIN 10(2): 1396-1409, 2020

Bazi Kinoa (Chenopodium Quinoa) Genotiplerinin Kalite Kriterleri Acisindan incelenmesi

Elgiin A, Ertugay Z, Certel M, Kotancilar HG, 2002. Tahil ve Uriinlerinde Analitik Kalite Kontrolii ve Laboratuar
Uygulama Klavuzu (3.Bask1) Atatiirk Universitesi Yaym No: 867, Ziraat Fakiiltesi Yayin No:335, Ders
Kitaplar1 Serisi No:82 Erzurum s:245. (in Turkish)

Enriquez N, Peltzer M, Raimundi A, Tosi V, Pollio ML, 2003. Characterization of wheat and quinoa flour in
relation to their breadmaking quality. The Journal of the Argentine Chemical Society, 91(4-6):47-54
Falandysz J, Frankowska A, Jarzynska G, Dryzatowska A, Kojta AK, Zhang D. 2010. Survey on composition and
bioconcentration potential of 12 metallic elements in King Bolete (Boletus edulis) mushroom that emerged
at 11 spatially distant sites. Journal Environmental Science and Health, Part B, 46:231-246. doi:

10.1080/03601234.2011.540528

Galwey NW, Leakey CLA, Price KR, Fenwick GR, 1990. Chemical composition and nutritional characteristics
of quinoa (Chenopodium quinoa Willd.). Food Science & Nutrition, 42F; 245-261

Giiclii Ustiindag O, Mazza G, 2007. Saponins: Properties, applications and processing. Crititical Reviews in Food
Science and Nutrition, 47; 231-258

Hoseney RC, 1986. Principles of cereal science and technology. American Association of Cereal Chemists, Inc.
St. Paul, 378 p, Minnesota

James LEA, 2009. "Quinoa (Chenopodium quinoa Willd.): composition, chemistry, nutritional, and functional
properties”. Advances in Food and Nutrition Research, 58: 1-31 doi: 10.1016/51043-4526(09)58001-1

Jancurova M, Minarovicova L, Dandar A, 2009. Quinoa-a review. Czech Journal of Food Sciences, 27(2), 71-79.

Kakabouki I, Bilalis D, Karkanis A, Zervas G, Tsiplakou E, Hela D, 2014. Effects of fertilization and tillage
system on growth and crude protein content of quinoa (Chenopodium quinoa Willd.): An alternative forage
crop. Emirates Journal Food and Agriculture, 26 (1): 18-24 doi: 10.9755/ejfa.v26i1.16831

Karyotis T, lliadis C, Noulas C, Mitsibonas T, 2003. Preliminary research on seed production and nutrient content
for certain quinoa varieties in a saline—sodic soil. Journal of Agronomy Crop Science. 189, 402—-408. doi:
10.1046/j.0931-2250.2003.00063.x

Kealey, L. 2017. Quinoa — Opportunities and challenges in Australia. Rural Industries Research and
Development Corporation. Retrieved on March 13, 2019 from: https:// www.rirdc.gov.au

Kivrak 1, 2015. Analytical methods applied to assess chemical composition, nutritional value and in vitro
bioactivities of Terfezia olbiensis and Terfezia claveryi from Turkey. Food Analytical Methods, 8(5), 1279-
1293. http://dx.doi.org/10.1007/s12161-014-0009-2.

Koziol MJ, 1992. Chemical composition and nutritional evaluation of quinoa (Chenopodium quinoa Willd.).
Journal of Food Composition Analysis, 5: 35-68.

Amaranthus spp. seeds and characterization of their composition. LWT-Food Science and Technology,
54(2), 528-534.

Lindeboom N, 2005. Studies On The Characterization, Biosynthesis And Isolation Of Starch And Protein From
Quinoa (Chenopodium quinoa willd.). (Doctoral dissertation). Department of Applied Microbiology and
Food Science University of Saskatchewan Saskatoon. Canada.

Martinez EA, 2015. Quinoa: nutritional aspects of the rice of the Incas. FAO & CIRAD. State of the Art Report
of Quinoa in the World in 2013,by D. Bazile, D. Bertero & C. Nieto, eds. Rome. Chapter 3.4 p:278-285.

Miranda M, Vega Galvez A, Quispe-Fuentes I, Rodriguez MJ Maureira H, Martinez EA, 2012. Nutritional aspects
of six quinoa (Chenepodium quinoa willd.) ecotypes from there geogrophicd areas of Chile. Chilean Journal
of Agricultural Research, 72(2), 175-181.

NIFS, 2012. Exploration on the feasibility of A Dutch quinoa chain “Quinoa, the most nutrient-dense ‘grain ' in
the world”, Fautapo, La Paz, Bolivia. A report for Nuffield international Farming Scholars. Retrieved on
March 13, 2019 from: https://nuffieldinternational.org/live/Report/NL/2012/rens-
kuijten+&cd=19&hl=tr&ct=cInk&gl=tr

Park HS, Morita N, 2004. Changes of bound lipids and composition of fatty acids in germination of quinoa seeds.
Food Science and Technology Research, 10(3), 303-306.

1408



Ali KOC ve Metin Durmus CETIN 10(2): 1396-1409, 2020

Bazi Kinoa (Chenopodium Quinoa) Genotiplerinin Kalite Kriterleri Acisindan incelenmesi

Prego I, Maldonado S, Otegui M, 1998. Seed structure and localization of reserves in Chenopodium quinoa.
Annals of Botany, 82, 481-488.

Ranhotra GS, Gelroth JA, Glaser BK, Larenz KJ, Johnson D, 1993. Composition and protein quality of quinoa.
Cereal Chemistry, 70, 303-305.

Reichert RD, Tatarynovich JT, Tyler RT, 1986. Abrasive Dehulling of Quinoa (Chenopodium quinoa) Effect on
Saponin Content as Determined by an Adapted Hemolytic Assay. Cereal Chemistry, 63(6): 471-475.

Repo Carrasco Valencia R, Serno LA, 2011. Quinoa (Chenepodium quinoa Willd.) as a source of dietary fiber
and other functional components. Ciencia e Tecnologia de Alimentos, 31(1), 225-230.

Repo Carrasco Valéncia RAM, Espinoza C, Jacobsen SE, 2003. Nutritional value and use of the Andean crops
quinoa (Chenopodium quinoa) and kafiiwa (Chenopodium pallidicaule). Food Reviews International, V.
19, p. 179-189

Ruales J, Nair BM, 1993. Content of fat, vitamins and minerals in quinoa (Chenopodium quinoa, Willd) seeds.
Food Chemistry, 48(2), 131-136

Ruales J, Nair BM, 1992. Nutritional quality of the protein in quinoa (Chenopodium quinoa Willd) seeds. Plant
Foods for Human Nutrition, 42, 1-12.

Schoenlechner R, Siebendhandl S, Berghofer E, 2008. Pseudocereals, gluten-free cereal products. In E. K. Arendt
& Bello D. F. (Eds.), Food science and technology international series, (pp.161-189).

Tan M, 2019. Macro and micromineral contents of different quinoa (Chenopodium quinoa Willd.) varieties used
as forage by cattle. Turkish Journal of Agriculture Forestry 43: doi:10.3906/tar-1904-10 (in press).

USDA, 2019. United States Department of Agriculture. Agricultural Research Service, Food Products Database.
Retrieved on April 15, 2019 from:
https://ndb.nal.usda.gov/ndb/foods/show/45210122?fgcd=&manu=&format=&count=&max=25&offset=
&sort=default&order=asc&glookup=WHITE+QUINOA%2C+UPC%3A+041224721487&ds=&qt=&qp=
&Qa=&Qgn=&Qg=&ing-=.

Yazar A, Incekaya C, Sezen MS, Tekin S, 2015. Quinoa experimentation and production in Turkey. FAO &
CIRAD. State of the Art Report of Quinoa in the World in 2013,by D. Bazile, D. Bertero & C. Nieto, eds.
Rome. Chapter: 6.1.4 p:466-477

Vega-Galvez, A, Miranda M, Vergara J, Uribe E, Puente L, Martinez EA, 2010. Nutrition facts and functional
potential of quinoa (Chenopodium quinoa Willd.), an ancient Andean grain: a review. Journal of the Science
of Food and Agriculture, 90(15), 2541-2547.

Vega Galvez A, Miranda M, Vergara J, Uribe E, Puente L, Martinez EA, 2010. Nutrition facts and functional
potential of quinoa (Chenopodium quinoa Willd.). An ancient Andean grain. A review. Journal of the
Science of Food and Agriculture 90:2541-2547. Doi: 10.1002/jsfa.4158

Wright KH, Huber KC, Fairbanks DJ, Huber CS, 2002. Isolation and characterization of Atriplex hortensis and
sweet Chenopodium quinoa starches. Cereal Chemistry. 79 (5), 715- 719

Zurita Silva A, Fuentes F, Zamora P, Jacobsen SE, Schwember A, 2014. Breeding quinoa (Chenopodium quinoa
Willd.): potential and perspectives. Moleculer Breeding, 34; 13-30. doi: 10.1007/s11032-014-0023-5

XuLN, Guo S, Zhang SW, 2019. Effects of solid-state fermentation on the nutritional components and antioxidant
properties from quinoa. Emirates Journal of Food and Agriculture. 2019. 31(1): 39-45. doi:
10.9755/ejfa.2019.v31.i1.1898

1409



