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No study has been conducted to determine the mineral content of seeds belonging to different
quinoa varieties under the conditions of Turkey. In addition, there is no study on whether
quinoa seeds that containing high amounts of minerals can be utilized for mineral needs of
laying hens in particular. In this study, which was carried out under Erzurum irrigated
conditions, it was aimed to determine the mineral content of seeds belonging to nine quinoa
varieties and whether they can appropriately utilize for meeting mineral requirements (as
recommended by NRC) of laying hens. Significant differences were observed in the mineral
contents of the varieties. The phosphorus, potassium, calcium, magnesium, iron, copper,
manganese, zinc and boron contents of the seeds varied between 0.18-0.25%, 0.76-1.08%,
0.07-0.12%, 3427-5453 mg kg, 233.8-577.8 mg kg, 45.6-107.8 mg kg', 40.2-72.9 mg kg™,
29.8-55.4 mg kg and 48.3-94.7 mg kg'', respectively. When these results were compared with
the values recommended by NRC, it was seen that quinoa seeds could exceedingly meet the
daily mineral requirements (except calcium) of laying hens. As a result, it has been revealed
that the seeds of all quinoa varieties can be evaluated as an organic mineral source in the
feeding of laying hens.
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Introduction

Quinoa (Chenopodium quinoa Willd.), an annual pseudo
cereal, is seen as an alternative crop in human and animal
nutrition in many regions of the World since it adapts well to
different climate and soil conditions and has a high nutritional
value (Jacobsen et al., 2007; Geerts et al., 2008; Gonzalez et
al., 2012; Abtahi Adolf et al., 2013; Ruiz et al., 2014; Tan and
Temel, 2017a; Tan and Temel, 2018; Temel and Yolcu, 2020).
The fact that the seeds and vegetative parts (leaf + stem)
having quality fiber, balanced amino acid, high protein and
energy content is an important factor in the consideration of
the plant as a valuable alternative source of nutrition
(Gonzalez et al., 2012; Rojas and Pinto, 2015; Tan and Temel,
2017b; Tan and Temel, 2019; Temel and Keskin, 2020; Temel
and Tan, 2020).

* Corresponding author: stemel33@hotmail.com
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In addition, quinoa seeds have a higher content of
mineral substances, such as Ca, K, Fe, P, Zn, Mg, Cu and Mn,
than such grains as wheat, barley, rice, oats and corn, and
are good organic mineral sources for meeting the nutritional
needs of humans and animals (Repo-Carrasco-Valencia et al.,
2003; Konishi et al., 2004; Stikic et al., 2012). On the other
hand, the mineral content of seeds may differ depending on
the environmental factors, cultural practices and varieties.
However, a small number of studies have been conducted for
this purpose and it has been revealed that the mineral
contents of seeds differ according to environmental
conditions and varieties. In these previous studies, the Ca, K,
Fe, P, Mg, Zn, Cu and Mn contents of the seeds were reported
to vary between 251-1490 mg kg™', 4984-12595 mg kg™, 47-
240 mg kg, 12371-4543 mg kg', 855-5020 mg kg™, 16-80.0
mg kg-1, 3.48-70.0 mg kg' and 15.6-38.53 mg kg',
respectively (Karyotis et al., 2003; Gonzalez et al., 2014;
Prado et al., 2014). However, there is no study conducted to
determine the mineral content of seeds belonging to different
quinoa varieties under the conditions of Turkey. Therefore, it


mailto:info@alinteridergisi.com
http://dergipark.gov.tr/alinterizbd
http://www.alinteridergisi.com/
http://www.alinteridergisi.com/

Temel, S. (2021). Alinteri Journal of Agriculture Sciences 36(1): 234-241

is important to determine the most suitable varieties in terms
of mineral composition by means of adaptation studies.

On the other hand, needs of mineral nutrients, which are
important for living creatures to survive and meet their
physiological needs, must be known well and these needs
must be met. Providing adequate and balanced amounts of
mineral substances, especially for poultry (laying hens), is
very important for the development of the skeletal system
and the formation of a strong egg shell as well as reproductive
performance (Dikmen et al., 2015). In this respect, minerals
such as Ca, P, Mn, Zn, Cu and Cr play a particularly important
role (NRC, 1994; Manangi et al., 2015). Moreover, it was
explained that minerals such as Mg, K, Na, Fe and B were
important for obtaining a strong and high quality shell in
laying hens (NRC, 1984; NRC, 1994). However, in order to
obtain the expected benefits, the daily mineral needs of the
animal must be calculated in advance and the appropriate
rations must be prepared.

To this end, the National Research Council made
recommendations on the participation levels of minerals in
poultry diets and on the nutrient contents of more than 70
feed ingredients which are used extensively in rations of the
poultry. In the prepared rations, the use of organic minerals
added at lower levels has gained importance compared to
inorganic minerals due to its high absorption, improving egg
shell quality and increasing the usefulness of some minerals
and nutrients (Carvalho et al., 2015; Dikmen et al., 2015;
Manangi et al., 2015; Singh et al., 2015; Yenice et al., 2015).
However, it has been observed that commonly-used herbal
sources are not sufficient to meet the mineral requirements
of the poultry since they have low mineral composition
content and do not contain some mineral substances (Okuyan
and Fulya, 2003; Ozek, 2016). Thus, quinoa seeds with high
mineral content can be seen as an advantage in terms of
meeting mineral requirements of the poultry. However,
considering the macro and micro nutrient composition of
quinoa seeds as an alternative feed raw material, there is no
evaluation as to whether laying hens can meet their mineral
needs.

With this study carried out in Erzurum under irrigated
conditions, it was primarily aimed to determine the most
suitable varieties in terms of meeting the mineral needs of
laying hens by revealing the macro and micro mineral
contents of the seeds belonging to different quinoa varieties.
Then, considering the recommendations of NRC, it was aimed
to determine the suitability of the mineral composition of the
seeds for laying hens.

Materials and Methods

Experimental Site

The research was carried out in Erzurum province located
in the north-east of Turkey at an altitude of 1876 m during
the 2015 growing season (May-September). In terms of
climate conditions, summers in Erzurum (trial area) are
relatively cool and dry while winters are cold and snowy.
According to the long-years averages, while the total
precipitation was 181.2 mm, the average temperature was
15.7 "C and the relative humidity was 53.3% in months during
which the trial was carried out, the total rainfall, average
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monthly temperature and relative humidity values of 2015
were 158.5 mm, 17.7 'C and 47.3%, respectively (Table 1)
(MGM, 2016). The textural class of the soil (0-30 cm) in which
the research was carried out was clay-loam, and its organic
matter (1.4%) and lime (2.5%) content was low, it had a
slightly saline (0.48 dS cm™') and neutral (pH: 7.1) character,
with moderate available phosphorus content (74 kg P20s ha')
and rich potassium (1380 kg K,0 ha'') content (Kacar, 2012).

Table 1. Some macro mineral contents of seeds belonging to
different quinoa varieties

Varieties P (%) K (%) Ca (%) Mg (mg kg
")
Cherry Vanilla | 0.18 c 0.91 0.09 b- | 3478 bc
ab d
French 0.20bc | 1.01a | 0.10ab | 5233 a
Vanilla
Mint Vanilla 0.21a- | 0.99a | 0.09b- | 4468 a-c
C d
Moqu 0.20bc | 1.08a | 0.12a 5453 a
Arrochilla
Oro de Valle 0.22ab | 0.77b | 0.07 de | 3588 bc
Rainbow 0.20bc | 1.04a | 0.11ab | 5310 a
Red Head 0.20bc | 0.76 ¢ | 0.07 e 3427 c
Sandoval Mix 0.25a 0.98a | 0.10a- | 4938 ab
C
Titicaca 0.22ab | 1.04a | 0.08 c- | 4104 a-c
e
Mean 0.21 0.95 0.09 4444
LSD 0.04** 0.18** | 0.02** 1511**

**Significant at P<0.01. Means followed by the same letter in
the same column are not significantly different by LSD test
(P<0.05)

Materials

Nine different quinoa (Chenopodium quinoa Willd.)
varieties were used in the trial which was established under
irrigated conditions according to randomized blocks
experimental design in four replicates. Rainbow, Read Head,
Cherry Vanilla, French Vanilla, Mint Vanilla and Oro de Valle
varieties were procured from the U.S.A. while Moqu-
Arrochilla were procured from Peru, Sandoval Mix from
England and Titicaca from Denmark.

Experimental Set-up

Sowings of all varieties were done on May 5, 2015 on plots
designated to cover 8.4 m 2 (4 m x 2.1 m) with 1.5-2.0 kg
seeds per ha-1 sown by hand into 1.5-2.0 cm deep furrows,
with 35.0 cm row spacing, drawn by a marker (Geren et al.,
2015). Fertilizer was applied to soil (125 kg N and 80 kg P,0s
per ha™') according to soil analysis results (Geren, 2015).
During the vegetation period, the water requirement of the
plants was provided by the flooding method, taking into
account the precipitation and moisture condition of the soil.
Also in this process, weeds seen in and between the parcels
were taken under control by hoeing and plucking.

Measurement

Seed harvests were performed manually at physiological
maturity, defined as when the seeds became resistant when
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compressed (Bertero et al., 2004). After the harvest, the
plants were dried in the open air for five days and then in a
drying oven set at 35 'C. The dried plants were then blended
and the grains were separated from the stems. Then,
unprocessed quinoa seeds were ground, so as to they can pass
through 1 mm sieve, and thus made ready for analysis. Quinoa
seeds often have saponin-containing pericarps that have a
bitter taste. Therefore, these pericarps are removed when
the product is sold commercially and used in human nutrition.
However, since removing the pericarp requires an additional
expense (Temel and Tan, 2019), it is recommended to use
unprocessed (untestaed) seeds in animal nutrition. In
addition, the mineral content of the quinoa is accumulated in
the outer bran layer such as in cereals (Repo-Carrasco-
Valencia and Serna, 2011). For this reason, in the current
study, the mineral contents of the varieties were determined
using unprocessed quinoa seeds. For nutritional composition,
the grains were prepared by the wet digestion method using
an H2S04: HClO4 acid mixture (4:1 v/v) (Kacar and Inal,
2008). Nutritional composition (K, Mg, Ca, Fe, Zn, Mn and Cu)
of each grain sample solution were determined by inductively
coupled plasma-mass spectrometry (ICP-MS; Thermo
Scientific, X Series, Cambridge, U.K.). P contents of the grains
were measured by UV-Vis spectrophotometer (UV-1800,
Shimadzu, Japan) (Kibar and Temel, 2016). The boron analysis
was measured using the azomethine-H extraction method
spectrophotometer.

Statistical Analysis

The obtained results were analyzed in JMP statistical
software according to the randomized blocks experimental
design. The grouping of significant means was done according
to LSD test.

Results and Discussion

Phosphorus (P)

In this study, the phosphorus content of the seeds
belonging to the quinoa varieties showed significant
differences (Table 1). The highest phosphorus content was
determined in the Sandoval Mix variety (0.25%) while the
lowest P value was determined in Cherry Vanilla (0.18%). In
previous studies, it was revealed that there were differences
in the phosphorus content (0.27-0.45%) among the seeds of
quinoa varieties (Stikic et al., 2012; Gonzalez et al., 2014).
This may be due to varieties used in the study have different
genetic structures and react differently to environmental
conditions. Indeed, Karyotis et al. (2003) and Prado et al.
(2014) explained that the phosphorus content (0.12-0.39%) of
the seeds varies significantly according to the variety and
environmental conditions. Furthermore, the fact that the
varieties have different embryo sizes may have caused this
situation. It was reported by Konishi et al. (2004) that
phosphorus in quinoa seeds was substantially found in
embryos. Phosphorus enters the bone structure in laying hens
and, in addition, acts as an essential mineral in the fat and
amino acid metabolisms of carbohydrates. It also plays a role
in the working of muscles and nervous tissue metabolism.
Thus, available (usable) levels of phosphorus are needed for
a healthy survival, good growth and egg yield. The phosphorus
requirement by laying hens, as reported by NRC (1994), is
0.21%. When Figure 1a was examined, it was seen that while
Oro de Valle, Sandoval Mix, Titicaca and Mint Vanilla varieties
easily met the daily phosphorus requirements of laying hens,
the P content of other varieties were insufficient.
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Figure 1. The P (a), K (b), Ca (c) and Mg (d) contents of quinoa varieties necessary to meet the requirements of laying hens according

to NRC (1994)
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Potassium (K)

Among the quinoa varieties examined, the potassium
content of the seeds was found to be significantly different,
and the seed potassium contents varied between 0.76-1.08%
(Table 1). In particular, the potassium contents of other
varieties, except Red Head, Cherry Vanilla and Oro de Valle,
were found to be in the same statistical group and were at
the highest level (Table 1). In previously conducted studies,
the seed potassium content was reported to be varying
according to the varieties, however, it was determined as
0.95% on average (Konishi et al., 2004; Stikic et al., 2012).
This value was similar to the average potassium content
(0.95%) of the quinoa varieties examined in our current study.
Yet, this finding was significantly lower than the value (1.82%)
found by Karyotis et al. (2003). This variation between the
varieties may have resulted from the fact that the varieties
have different pericarp thickness or ratio besides the
environmental factors. Because potassium is found in pericarp
of quinoa at the maximum (Konishi et al., 2004). Indeed, it
was reported by Prado et al. (2014) that the varieties had a
different potassium content (0.50-1.13 %) depending on the
pericarp in quinoa. Potassium, which is one of the important
determinants of acid-base balance, is a mineral that laying
hens need for growth, bone development, egg shell quality
and amino acid utilization. Therefore, the potassium
requirement (0.13%) recommended by the NRC (1994) for
laying hens must be met and be available in the prepared
rations. In the present study, K content (0.95%) of the quinoa
seeds studied was found to be higher than that of wheat
(0.50%), rice (0.12%), corn (0.38%), barley (0.58%) and oat
(0.46%), which are widely used in poultry nutrition. Thus, it
was observed that quinoa seeds have high potassium content
and meet the daily potassium requirements of laying hens
(Figure 1b).

Calcium (Ca)

Quinoa seeds are rich in calcium (Repo-Carrasco-Valencia
et al., 2003; Stikic et al., 2012) and it was reported that the
Ca content of the seeds varied between 0.03-0.13% (Gonzalez
et al., 2014) as to varieties. In the present study, the Ca
content of the seeds also showed significant differences
between the varieties. The Ca ratio of quinoa varieties varied
between 0.07-0.12% and the highest Ca ratio was determined
in Moqu Arrochilla variety (Table 1). This may have been
caused by the fact that the varieties have different genetic
structures and react differently to environmental conditions.
It was explained by Prado et al. (2014) that seed calcium
contents differ by 0.03-0.12% between the varieties as well
as between the same varieties grown under different
ecological conditions. These values are similar to the results
of our study. On the other hand, Ca is mostly found in pericarp
and testa in quinoa seeds (Konishi et al., 2004). Therefore,
the fact that pericarps depending on the varieties have a
different Ca content cause the seeds to have different levels
of Ca content (Prado et al., 2014). Calcium is a mineral that
plays a primary role in the synthesis of egg shell as well as
skeletal formation. In addition, over 2 grams of calcium is
eliminated from the body during egg-laying. For this reason,
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calcium requirement of laying hens is quite high, and this is
very closely related to the calcium that the chicken takes with
the feed. It was recommended by NRC (1994) that the daily
required Ca value for laying hens should be 2.71%. In this
respect, the Ca contents of the quinoa varieties investigated
in this study were found to be far from meeting the daily
requirements of laying hens (Figure 1c). However, it can be
said that quinoa seeds have a higher mineral content than
cereals (0.015-0.094%) (Konishi et al., 2004; Stikic et al.,
2012) that are widely used in feeding of laying hens.

Magnesium (Mg)

The seed magnesium content was found to be differing
significantly among varieties investigated in this study and Mg
content of the varieties varied between 3427-5453 mg kg’
(Table 1). Looking at Table 1, it was seen that Moqu Arrochilla
(5453 mg kg'), Rainbow (5310 mg kg') and French Vanilla
(5223 mg kg') varieties, which were in the same statistical
group, had the highest Mg content. In studies conducted with
different quinoa varieties, it was also revealed that the seeds
had different Mg content (Stikic et al., 2012). These values
obtained from our current study were similar to the results of
some previously-conducted studies, whereas they were found
to be higher than the results of some previous research. These
differences may have resulted from different responses to
climate and soil conditions, depending on the genetic
structure of the varieties. Indeed, it was explained by Prado
et al. (2014) that Mg contents of the same varieties grown in
different locations with different climate characteristics
varied substantially (855-3620 mg kg™'). Nevertheless, it was
reported by Karyotis et al. (2003) that varieties grown in two
locations with different soil properties had different Mg
(3460-6490 mg kg') content. Mg is the most abundant
element in all tissues and bones of laying hens, following
calcium and phosphorus. Magnesium is also the most common
enzyme activator and is a necessary mineral for the formation
of a robust and quality egg shell (Venglovska et al., 2014).
Therefore, 400 mg kg'of magnesium, which is the amount
recommended by NRC (1994) for laying hens, should be
included in prepared rations. When Figure 1d was examined,
it was seen that the Mg content (3427-5453 mg kg') of the
quinoa seeds belonging to different varieties met the daily Mg
requirement of laying hens and was below the 11200 mg kg,
which is considered as the toxic level.

Iron (Fe)

The iron content of the seeds was found to be significant
among the varieties and the highest Fe content was
determined in Moqu Arrochilla variety with 577.8 mg kg 'while
the lowest value was determined in Mint Vanilla with 233.8
mg kg' (Table 2). It was also shown by Gonzalez et al. (2014)
that the Fe content of the quinoa varied between 0-948.5 mg
kg'. Moreover, it was reported by Prado et al. (2014) that the
Fe content of the seeds of quinoa varieties ranged between
47.6 and 240.4 mg kg™'. Current results have shown that the
seed Fe content in quinoa varies significantly depending on
the genetic structure of the varieties. Fe, which is involved in
many physiological and biosynthesis events in the organism,
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is required in low amounts in poultry feeding. However, it was
emphasized that adding organic Fe source in the diets of
laying hens had a significant effect on feed consumption, feed
utilization and egg weight (Paik et al., 2009; Seo et al., 2010).

In this study, it was observed that the Fe content of the

quinoa varieties studied was quite sufficient for the daily
requirements of the laying hens (Figure 2a). Indeed, the
amount of Fe that should be added to the rations of laying
hens was recommended as 38 mg kg™' by NRC (1994).
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Figure 2. The Fe (a), Cu (b), Mn (c), Zn (d) and B (e) contents of quinoa varieties necessary to meet the requirements of laying hens

according to NRC (1994)
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Table 2. Some micro mineral contents of seeds belonging to different quinoa varieties (mg kg™)

Varieties Fe Cu Mn Zn B
Cherry Vanilla 420.5bc | 82.5bc | 72.9a 31.9ef | 92.4a
French Vanilla 369.5cd | 45.6 e 68.9ab | 30.9ef | 94.7a
Mint Vanilla 233.8f 105.4a | 64.9ab | 55.4a 51.1c¢
Moqu Arrochilla | 577.8 a 98.5 a 66.5ab | 39.4cd | 93.7a
Oro de Valle 304.8d-f | 58.8de | 69.1ab | 33.8d-f | 48.3 ¢
Rainbow 445.7 b 101.9a | 67.6ab | 38.0de | 90.4a
Red Head 278.9ef | 107.8a | 40.2 c 49.1ab | 92.7 a
Sandoval Mix 359.2cd | 67.7cd | 69.7ab | 29.8f 86.4 a
Titicaca 328.1de | 83.1b 50.1bc | 45.3bc | 72.0b
Mean 368.70 83.48 63.32 39.29 80.19
LSD 75.1** 15.2** 22.1* 7.1 12.6*

**Significant at P<0.01. Means followed by the same letter in the same column are not significantly different by LSD test (P<0.05)

Copper (Cu)

The effect of varieties on copper content was found to
be significant and the Cu content of seeds varied between
45.6-107.8 mg kg'. The highest Cu content was determined
in Red Head (107.8 mg kg'), Mint Vanilla (105.4 mg kg),
Rainbow (101.9 mg kg'') and Moqu Arrochilla (98.5 mg kg''),
which were also found to be statistically in the same group
(Table 2). It was also found by Karyotis et al. (2003) that the
copper content varied between 12.4-18.6 mg kg’ as to
varieties, however, the results obtained in the present study
were higher than these values. These differences may have
resulted from the genetic structure of the varieties and
environmental conditions. Indeed, Prado et al. (2014)
reported that the same varieties had different Cu contents at
different locations. Copper is a mineral that poultry needs in
low amounts. However, it is necessary for cell respiration,
bone formation, keratination, tissue pigmentation, central
nervous system, reproduction, immune system and lipid
metabolism (Okuyan and Fulya, 2003). Thus, the amount
recommended by NRC (1994) (4.5 mg kg') for laying hens
must be met. Looking at Figure 2b, it was seen that the quinoa
varieties included in the present study can exceedingly meet
the daily Cu requirement of laying hens.

Manganese (Mn)

The manganese contents of the quinoa seeds differed
significantly among the varieties. The highest and lowest
manganese contents were determined in Cherry vanilla (72.9
mg kg') and Red Head (40.2 mg kg), respectively, and the
average manganese content of the varieties was found to be
66.5 mg kg! (Table 2). It was explained by Prado et al. (2014)
that the Mn content differs as to quinoa varieties. In addition,
Karyotis et al (2003) stated that the Mn content of the seeds
differs between varieties and they have an average Mn
content of 65.1 mg kg'. This value reported by Karyotis et al
(2003) was similar to the result obtained in our current study.
Egg yield, shell quality and laying power in laying hens are
significantly affected by manganese (Mn), which enters the
composition of bones and the structure of enzymes (Okuyan
and Fulya, 2003). The Mn ratio that should be present in daily
rations of laying hens was recommended by NRC (1994) as 17
mg kg™'. Our research results showed that the quinoa varieties
included in the study had higher Mn content than such grains
as wheat (26 mg kg"), rice (25 mg kg'), corn (24 mg kg'),
barley (15 mg kg'') and oat (22 mg kg'') (Konishi et al., 2004;

239

Stikic et al., 2012) that are widely used in poultry feeding.
Thus, our results have shown that quinoa seeds can meet the
daily Mn requirements of laying hens (Figure 2c).

Zinc (Zn)

Zinc contents of the seeds of quinoa varieties were found
to be statistically significant at 1% significance level. The Zn
content of the seeds varied between 29.8-55.4 mg kg and
the highest ratio was determined in Mint Vanilla variety
(Table 2). This may be due to the fact that the varieties
originated from different regions and react differently to
environmental conditions. Indeed, Karyotis et al. (2003)
stated that the zinc content of the seeds varied between 34-
67 mg kg' among the quinoa varieties and that the varieties
which can adapt well to the environmental conditions
accumulate Zn in their seeds at a higher rate. Zinc (Zn), which
acts as a cofactor in many enzymatic systems, takes part in
important mechanisms such as hormone secretion, growth,
reproduction, immune system and egg shell formation
(Bulbul, 2004; Buff et al., 2005). Thus, the required Zn
amount per day per hen recommended by NRC (1994) must be
met. However, since most of the foods used as feed raw
materials have Zn deficiency, requirements of this
micronutrient is mostly unmet (Ravindran, 2010). However,
except for the Moqu Arrochilla, Rainbow and Oro de Valle
(which is found to be just at the limit significance value), it
was seen that the daily Zn requirements of laying hens can be
easily met by the varieties investigated in the study (Figure
2d).

Boron (B)

The boron content of the quinoa seeds varied
significantly as to varieties, and it was measured to be
between 48.3-97.7 mg kg''. The highest boron contents were
determined in French Vanilla (94.7 mg kg''), Moqu Arrochilla
(93.7 mg kg'"), Red Head (92.7 mg kg''), Cherry Vanilla (92.4
mg kg!), Rainbow (90.4 mg kg') and Sandoval Mix (86.4 mg
kg!) varieties and these varieties were included in the same
statistical group (Table 2). It was also reported by Karyotis et
al (2003) that the seed boron content differs among quinoa
varieties. It is thought that boron interacts with minerals such
as Ca, Mg and P which play an effective role in animal
metabolism, particularly in bone metabolism (Bintas, 2013).
For this reason, it is recommended that a low ratio of boron
as 2 mg kg per day is appropriate in poultry rations (NRC
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1984). However, since the grains used in poultry rations
generally have low boron content, they cannot meet the daily
requirements of hens. However, quinoa varieties researched
in the present study are rich in boron content (48.3-94.7 mg
kg-1) and can meet the daily needs of laying hens (Figure 2e).

Conclusion

As a result of the study, macro and micro mineral content
of quinoa grains showed significant differences between
varieties. The highest P, K, Ca and Mg content were
determined in the Sandoval Mix variety and Fe, Cu, Mn, Zn
and B content in the Moqu Arrochilla. In addition, it was
observed that French Vanilla, Moqu Arrochilla and Rainbow
varieties in terms of K, Ca and Mg content, Titicaca and Mint
Vanilla varieties in terms of P, K and Mg content had a higher
nutritional composition. On the other hand, the macro and
micro mineral contents of quinoa grains were seen to be
higher than the cereals commonly used in the feeding of
laying hens. As a result, considering the average mineral
composition of the varieties examined, it has been revealed
that quinoa seeds can be an important alternative source of
organic mineral in terms of meeting the daily mineral
requirements (excluding calcium) of eggs hens.

Acknowledgements

This study was financially supported by the Scientific and
Technological Research Council of Turkey (TUBITAK) with the
project number of TOVAG-2140232.

Compliance with Ethical Standards

a) Authors’ Contributions

Author ST designed the study and interpreted data,
performed the laboratory work and drafted the paper.

b) Conflict of Interest

c) Statement on the Welfare of Animals

Ethical approval: For this type of study, formal consent
is not required.

d) Statement of Human Rights

Ethical approval is not required for this type of study.

References

Adolf, V.l., Jacobsen, S.E., and Shabala, S. (2013). Salt
tolerance mechanisms in quinoa (Chenopodium quinoa
Willd.). Environmental and Experimental Botany, 92,
43-54.

Bertero, H.D., De la Vega, A.J., Correa, G., Jacobsen, S.E.,
and Mujica, A. (2004). Genotype and genotype-by-
environment interaction effects for grain yield and
grain size of quinoa (Chenopodium quinoa Willd.) as
revealed by pattern analysis of international multi-
environment trials. Field crops research, 89(2-3),
299-318.

Bintas, E. (2013). The Dietary Supplemental Effect of Boron
and Zeolite, Either alone or in Combination on Aged
Laying Hens (Doctoral dissertation, Msc. Thesis. Adnan
Menderes University, Fen Bilimleri Enstitiisi, Aydin-
Turkey).

Buff, C.E., Bollinger, D.W., Ellersieck, M.R., Brommelsiek,
W.A., and Veum, T.L. (2005). Comparison of growth
performance and zinc absorption, retention, and

240

excretion in weanling pigs fed diets supplemented
with zinc-polysaccharide or zinc oxide. Journal of
animal science, 83(10), 2380-2386.

Carvalho, L.S.S., Rosa, D.R.V., Litz, F.H., Fagundes, N.S., and
Fernandes, E.A. (2015). Effect of the inclusion of
organic copper, manganese, and zinc in the diet of
layers on mineral excretion, egg production, and
eggshell quality. Brazilian Journal of Poultry
Science, 17, 87-92.

Dikmen, B.Y., Sézcii, A., Ipek, A., and Sahan, U. (2015).
Effects of supplementary mineral amino acid chelate
(ZnAA-MnAA) on the laying performance, egg quality
and some blood parameters of late laying period layer
hens. The Journal of the Faculty of Veterinary
Medicine, 21, 155-162.

Geerts, S., Raes, D., Garcia, M., Vacher, J., Mamani, R.,
Mendoza, J., and Taboada, C. (2008). Introducing
deficit irrigation to stabilize yields of quinoa
(Chenopodium quinoa Willd.). European journal of
agronomy, 28(3), 427-436.

Geren, H. (2015). Effects of different nitrogen levels on the
grain yield and some yield components of quinoa
(Chenopodium quinoa Willd.) under Mediterranean
climatic  conditions. Turkish  Journal of Field
Crops, 20(1), 59-64.

Geren, H., Kavut, Y.T., Topcu, G.D., Ekren, S., and Istipliler,
D. (2014). Effects of different sowing dates on the
grain yield and some yield components of quinoa
(Chenopodium  quinoa  Willd.) grown under
Mediterranean climatic conditions. Journal of Ege
University Faculty of Agriculture, 51(3), 297-305.

Gonzalez, J.A., Konishi, Y., Bruno, M., Valoy, M., and Prado,
F.E. (2012). Interrelationships among seed yield, total
protein and amino acid composition of ten quinoa
(Chenopodium quinoa) cultivars from two different
agroecological regions. Journal of the Science of Food
and Agriculture, 92(6), 1222-1229.

Gonzalez Martin, M.l., Wells Moncada, G., Fischer, S., and
Escuredo, O. (2014). Chemical characteristics and
mineral composition of quinoa by near-infrared
spectroscopy. Journal of the Science of Food and
Agriculture, 94(5), 876-881.

Jacobsen, S.E., Monteros, C., Corcuera, L.J., Bravo, L.A.,
Christiansen, J.L., and Mujica, A. (2007). Frost
resistance mechanisms in quinoa (Chenopodium
quinoa Willd.). European Journal of Agronomy, 26(4),
471-475.

Kacar, B. (Ed.) (2012). Soil Analysis. Nobel Publication
Distribution, Ankara, Turkey.

Kacar, B., and Inal, A. (Eds.) (2008). Plant Analysis. Nobel
Publishers, Ankara, Turkey, 892.

Karyotis, T., Iliadis, C., Noulas, C., and Mitsibonas, T.H.
(2003). Preliminary research on seed production and
nutrient content for certain quinoa varieties in a
saline-sodic soil. Journal of Agronomy and Crop
Science, 189(6), 402-408.

B., and Temel, S. (2016). Evaluation of Mineral
Composition of Some Wild Edible Plants Growing in the
E astern Anatolia Region Grasslands of Turkey and
Consumed as Vegetable. Journal of food processing
and preservation, 40(1), 56-66.

Konishi, Y., Hirano, S., Tsuboi, H., and Wada, M. (2004).
Distribution of minerals in quinoa (Chenopodium

Kibar,



Temel, S. (2021). Alinteri Journal of Agriculture Sciences 36(1): 234-241

quinoa Willd.) seeds. Bioscience, biotechnology, and
biochemistry, 68(1), 231-234.

Manangi, M.K., Vazques-Anon, M., Richards, J.D., Carter, S.,
and Knight, C.D. (2015). The impact of feeding
supplemental chelated trace minerals on shell quality,
tibia breaking strength, and immune response in laying
hens. Journal of Applied Poultry Research, 24(3),
316-326.

MGM. (2016). IGDIR Provincial Directorate of Meteorology.
IGDIR, Turkey.

NRC. (1984). Nutrient Requirements of Poultry. 8th ed.
National Academy Press. Washington, DC, USA.

NRC. (1994). Nutrient Requirements of Poultry. 9th ed.
National Academy Press. Washington, DC, USA.

Okuyan, M.R., and Fulya, 1. (2003). Animal Nutrition
Biochemistry. Uludag University Agriculture Faculty,
Bursa, Turkey, Academy Press.

Ozek, K. (2016). Trace Minerals in Poultry Nutrition and the
Efficiency of Chelating Forms. Turkish Journal of
Agriculture-Food Science and Technology, 4(11),
946-951.

Paik, I., Lee, H., and Park, S. (2009). Effects of organic iron
supplementation on the performance and iron content
in the egg yolk of laying hens. The journal of poultry
science, 46(3), 198-202.

Prado, F.E., Fernandez-Turiel, J.L., Tsarouchi, M., Psaras,
G.K., and Gonzalez, J.A. (2014). Variation of seed
mineral concentrations in seven quinoa cultivars
grown in  two  agroecological sites. Cereal
Chemistry, 91(5), 453-459.

Ravindran V. (2010). Poultry feed availability and nutrition in
developing countries - alternative feedstuffs for use in
poultry feed formulations. Food and Agriculture
Organization of the United Nations Poultry
Development Review.

http://fao.org/docrep/013/al706e/al706e00.pdf

Repo-Carrasco, R., Espinoza, C., and Jacobsen, S.E. (2003).
Nutritional value and use of the Andean crops quinoa
(Chenopodium quinoa) and kaniwa (Chenopodium
pallidicaule). Food reviews international, 19(1-2),
179-189.

Repo-Carrasco-Valencia, R.A.M., and Serna, L.A. (2011).
Quinoa (Chenopodium quinoa, Willd.) as a source of
dietary fiber and other functional components. Food
Science and Technology, 31(1), 225-230.

Rojas, W., and Pinto, M. (2015). Ex situ conservation of
quinoa: The Bolivian experience. Quinoa:
Improvement and Sustainable Production, 125-160.

Ruiz, K.B., Biondi, S., Oses, R., Acuna-Rodriguez, 1.S., and
Antognoni, F. (2014). Martinez-Mos-queira
EA. Coulibaly A., Canahua-Murillo A., Pinto M.,
Zurita-Silva A., Zurita-Sil-va A., Bazile D. Jacobsen E. -
S., Molina-Montenegro M. Quinoa biodiversity and
sustainability for food security under climate change.
A review. Agron. Sust. Devel-opment, 34, 349-359.

Seo, Y.M., Shin, K.S., Rhee, A.R., Chi, Y.S., Han, J., and Paik,
I.K. (2010). Effects of dietary Fe-soy proteinate and
MgO on egg production and quality of eggshell in laying
hens. Asian-Australasian Journal of Animal
Sciences, 23(8), 1043-1048.

241

Stikic, R., Glamoclija, D., Demin, M., Vucelic-Radovic, B.,
Jovanovic, Z., Milojkovic-Opsenica, D., and
Milovanovic, M. (2012). Agronomical and nutritional
evaluation of quinoa seeds (Chenopodium quinoa
Willd.) as an ingredient in bread formulations. Journal
of cereal science, 55(2), 132-138.

Tan, M., and Temel, S. (2017a). Studies on the adaptation of
quinoa (Chenopodium quinoa Willd.) to Eastern
Anatolia Region of Turkey. Agro for International
Journal, 2(7): 33-39.

https://doi.org/10.7251/AGRENG1702033T

Tan, M., and Temel, S. (2017b). Determination of dry matter
yield and some properties of different quinoa
genotypes grown in Erzurum and Igdir conditions. /gdir
University Journal of the Institute of Science, 7(4),
257-263. https://doi.org/10.21597/jist.2017.219.

Mustafa, T.A.N., and Temel, S. (2018). Performance of some
quinoa (Chenopodium quinoa Willd.) genotypes grown
in different climate conditions. Turkish Journal of
Field Crops, 23(2), 180-186.

Tan, M., and Temel, S. (Eds.) (2019). Quinoa in Every Aspect:
Importance, Use and Cultivation. IKSAD Publishing
House, Ankara, Turkey, 182.

TEMEL, S., and Keskin, B. (2020). Effect of morphological
components on the herbage yield and quality of quinoa
(Chenopodium quinoa Willd.) grown at different
dates. Turkish  Journal  of  Agriculture and
Forestry, 44(5), 533-542.

https://doi.org/10.3906/tar-1912-58.

Temel, S., and Tan, M. (2020). Evaluation of different quinoa
varieties grown in dry conditions in terms of roughage
quality properties. International Journal of
Agriculture and Wildlife Science, 6(2), 347-354.

https://doi.org/10.24180/ijaws.735557

Temel, S., and Yolcu, S. (2020). The effect of different sowing
time and harvesting stages on the herbage yield and
quality of quinoa (Chenopodium quinoa
Willd.). Turkish Journal of Field Crops, 25(1), 41-49.
https://doi.org/10.17557/tjfc.737503.

Venglovska, K., Gresakova, L., Placha, I., Ryzner, M., and
Cobanova, K. (2014). Effects of feed supplementation
with manganese from its different sources on
performance and egg parameters of laying hens. Czech
Journal of Animal Science, 59, 147-155.

Yenice, E., Mizrak, C., Giiltekin, M., Atik, Z., and Tunca, M.
(2015). Effects of organic and inorganic forms of
manganese, zinc, copper, and chromium on
bioavailability of these minerals and calcium in late-
phase laying hens. Biological trace element
research, 167(2), 300-307.



