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Abstract. Quinoa (Chenopodium quinoa Willd.) is a pseudocereal crop valued for its nutritional
composition, particularly its relatively high protein content. The present study aimed to compare the
total protein content in seeds of five quinoa varieties grown under the agroecological conditions of
the Khorezm Region. Seeds of the Check-2, New-14, New-36, New-42, and New-170 varieties were
used as the study material. Total nitrogen content was determined by the Kjeldahl method, including
sample mineralization, distillation, and subsequent titrimetric determination. The total protein content
was calculated from the obtained nitrogen values using a conversion factor of 6.25. Each sample was
analyzed at least in triplicate, and the mean values were calculated. The results showed differences in
protein accumulation among the studied varieties. Nitrogen content ranged from 1.967 to 2.457%,
while total protein content varied from 12.29 to 15.36%. The highest protein content was recorded in
the seeds of New-170, followed by New-14, whereas the lowest value was found in Check-2. New-
36 showed an intermediate protein level, while New-42 was characterized by a comparatively lower
value. The observed variation indicates differences among quinoa varieties in seed protein
accumulation under the growing conditions of the Khorezm Region. The obtained results can be used
for comparative assessment of the nutritional value of quinoa varieties and for identifying high-
protein genotypes suitable for further cultivation and selection under local agroecological conditions.

Annomayus. Kunoa (Chenopodium quinoa Willd.) — miceBnosnakoBasi KylnbTypa, [ICHUMAs 3a
CBOM THTaTeNbHBIA COCTaB, OCOOEHHO 3a OTHOCHUTEIIBHO BBICOKOE cojeprkaHue Oenka. Llenpro
HACTOSIIIETO UCCIEeOBaHUS OBLJIO CpaBHEHHE OOIIETO coIepikKaHus Oelka B CeMEHaX ISITH COPTOB
KHHOA, BBIPAIIIEHHBIX B arPOIKOIOTHUECKHIX YCIOBHIX X0Ope3McKoil obnactu. B kauecTBe marepuana
JUTSI KCCTIEIOBAHMSI MCTIONB30BaICh ceMeHa copToB Check-2, New-14, New-36, New-42 u New-170.
Obmiee cozpep:kaHve azoTa ompenessuii MetonoMm Keenblans, BKIIOYAIONIUM MHHEpaTH3aUI0
o0pasua, IUCTHUILKIO U TOCIeaylolee TUTpUuMeTpuueckoe onpenaenenue. OOIee copepkaHue
OeKa pacCUMTHIBAIIM U3 MOJYYSHHBIX 3HAUEHUH a30Ta C UCIOJIb30BaHUEM KOdpdUITMEHTa IepecueTa
6,25. Kaxnpiii oOpazen; aHaqIu3UpOBaJld HE MEHEE YeM B TPEX MOBTOPEHUSX, U PACCUUTHIBAIN
CpeJHue 3HaYCHHsI. Pe3ypTaTsl oKa3aiy pa3jindds B HAKOIUICHUH OeJKa Cpe/Ii N3YYEeHHBIX COPTOB.
Coneprxanue a3oTa BapbUpOBaIOCh OT 1,967 mo 2,457%, a obiiee conepkanue 6emka — ot 12,29 no
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15,36%. Haubonbuiee conepxkanue Oenka Obuto 3adukcupoBaHO B ceMmeHax copra New-170, 3a
KOTOpBIM ciieayeT New-14, Torna kak HaMMEHbIIee 3HaueHHe ObLTI0 OOHAPYKEHO B KOHTPOIEHOM
obpasie Check-2. B copre New-36 HaOmomancst mpoMeXyTOUHBIA YPOBEHB O€TKa, a iy copra New-
42 on ObLT cpaBHUTENBHO HUKE. Halmomaemas Bapuamusl yKa3pIlBaeT Ha Pa3InyMs MEXKIy COPTaMHu
KMHOA B HAKOIUICHMH Oelika B CEMEHaX B YCIIOBHSIX BBIPALIMBAHUS B XOPE3MCKOW OOJACTH.
[Tony4yeHHbIE pe3yJbTaThl MOTYT OBITH WCIIOJIE30BAHBI JUISI CPABHUTEIILHOW OIICHKU MHTATEIHLHOU
HCHHOCTU COPTOB KHHOA W [JIsI BBIABJICHUA BBICOKOGCJIKOBBIX TCHOTHUIIOB, IIPHUIOAHBLIX IJIA
;[aaneﬁmero BbIpallluBaHUA U CCJICKIIMU B MCCTHBIX arpO3KOJIOIT'MYCCKUX YCIIOBUAX.

Keywords: quinoa, Chenopodium quinoa Willd., seeds, total protein, nitrogen content, Kjeldahl
method, Khorezm Region.

Knrouesvle cnosa: xunoa, Chenopodium quinoa Willd., cemena, oOmuii 6el0K, Coaep:kaHue
azora, metoa Kbenbaamns, Xope3aMckas 001acThb.

Pseudocereal crops such as amaranth, buckwheat, and quinoa have attracted increasing
attention as nutrient-dense raw materials for food production. Their seeds contain substantial amounts
of starch, proteins, dietary fibre, minerals, vitamins, and other bioactive compounds. In particular,
pseudocereal proteins are valued for their favourable amino acid composition and relatively high
proportions of essential amino acids [7].

Growing demand for sustainable and nutritionally balanced protein sources has increased
interest in plant-based alternatives. Quinoa (Chenopodium quinoa Willd.) is considered a promising
crop in this context because of its relatively high protein and mineral contents, balanced amino acid
profile, and gluten-free characteristics [2].

Its nutritional properties, together with its adaptability to different environmental conditions,
have contributed to growing interest in quinoa as a crop with potential importance for food and
nutritional security [10, 11].

Quinoa protein is characterized by a diverse composition of storage proteins. Mature quinoa
seeds contain 11S-type globulin, commonly referred to as chenopodin, which accounts for
approximately 37% of the total seed protein, while 2S albumins constitute about 35%. Prolamins
occur at considerably lower concentrations, generally representing approximately 0.5—7% of the total
protein fraction [3].

Quinoa also contains all nine essential amino acids, including phenylalanine, methionine,
histidine, isoleucine, valine, leucine, lysine, threonine, and tryptophan. Its low content of prolamin-
type fractions associated with gluten is another important nutritional characteristic [5].

The total protein content of quinoa seeds varies considerably depending on genotype and
growing conditions. Published values generally fall within a broad range of approximately 12-23%
[1].

Other studies have reported narrower ranges, commonly around 13.8—-16.5%, indicating that
varietal characteristics and environmental conditions can substantially influence protein
accumulation in quinoa seeds [12].

Compared with several conventional cereals, quinoa generally contains a higher proportion of
protein, although its protein concentration remains lower than that of many leguminous and oilseed
crops [1, 13].

Considerable variation has also been reported among individual quinoa varieties. In Serbia,
seeds of the Puno and Titicaca cultivars contained 14.1% and 14.0% protein, respectively, when
analysed using the Kjeldahl method [14].
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Pochitskaya reported protein contents of 14.2%, 17.3%, and 16.1% in white, red, and black
quinoa samples, respectively. Analysis of several quinoa varieties using near-infrared spectroscopy
also revealed substantial variability: protein content reached 18.39% in the American variety, 17.16%
in Egyptian, 16.27% in Rainbow, and 12.83% in Black quinoa [4, 12].

These findings demonstrate that seed protein concentration is strongly genotype-dependent.

Studies conducted under arid and saline conditions are particularly relevant to the cultivation
of quinoa in Central Asia. In the marginal environments of the Aral Sea basin, protein contents of
different quinoa genotypes ranged from approximately 10.85% to 15.43%, with considerable
differences among the evaluated accessions [9].

Similarly, Yuldasheva et al. reported variation in seed protein content among six quinoa
genotypes grown under the conditions of Tashkent and Chimbay [14].

In Tashkent, the protein content ranged from 10.85% to 15.43%, whereas under Chimbay
conditions it varied from 10.4% to 14.9%. These results indicate that both genotype and growing
environment may influence protein accumulation in quinoa seeds. Despite the available information
on the nutritional composition of quinoa cultivated in different regions, comparative data on the
protein content of quinoa varieties grown under the specific agroecological conditions of the Khorezm
Region remain limited. Evaluation of locally cultivated genotypes is therefore necessary to identify
varieties with comparatively high seed protein content and to assess their nutritional potential under
regional conditions.

Accordingly, the aim of this study was to determine and comparatively assess the total protein
content in seeds of five quinoa varieties — Check-2, New-14, New-36, New-42, and New-170 —
grown under the agroecological conditions of the Khorezm Region using the Kjeldahl method.

Materials and Methods

Seeds of five quinoa (Chenopodium quinoa Willd.) varieties — Check-2, New-14, New-36,
New-42, and New-170 — grown under the agroecological conditions of the Khorezm Region were
used as the experimental material. Mature and visually intact seeds were selected, dried, and ground
to a fine homogeneous powder prior to chemical analysis. Total nitrogen content was determined
using the Kjeldahl method in accordance with the general procedure described in GOST 13496.4-
2019 [8].

The prepared seed samples were subjected to acid digestion with concentrated sulfuric acid
(H2SO4) to convert organically bound nitrogen into ammonium compounds. After completion of
digestion, the samples were cooled and diluted with distilled water. Sodium hydroxide (NaOH)
solution was then added to create an alkaline medium and release ammonia.

The liberated ammonia was separated by distillation and absorbed in a 4% boric acid (HsBOs)
solution. The resulting solution was titrated with 0.1 N hydrochloric acid (HCI) using a mixed methyl
red—bromocresol green indicator to determine the titration endpoint.

The nitrogen content was calculated from the volume of hydrochloric acid consumed during
titration, taking into account the corresponding blank value. Total protein content was subsequently
calculated from the nitrogen content using a conversion factor of 6.25:

(V-V)xNx1401x625

Proteincontent(%)=
where V1 is the volume of HCI used for titration of the sample (mL), VO is the volume of HCI

used for the blank determination (mL), NN is the normality of the HCI solution, 14.01 is the atomic
mass of nitrogen, and mm is the mass of the sample (g).
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Each sample was analysed at least three times, and the results were expressed as mean values.
Total nitrogen and total protein contents were reported as percentages.

Results and Discussion
The analysis revealed clear differences in total protein content among the studied quinoa
varieties. Total nitrogen content ranged from 1.967 to 2.457%, corresponding to total protein values
of 12.29-15.36%. The results for the five varieties are presented in Figure.
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Figure. Nitrogen and total protein contents in quinoa varieties, %

Among the investigated varieties, New-170 had the highest total protein content, followed by
New-14. These two varieties therefore showed the greatest potential in terms of seed protein
concentration under the agroecological conditions of the Khorezm Region. New-36 showed an
intermediate protein level, whereas comparatively lower values were recorded for New-42 and
Check-2. The lowest protein content was observed in Check-2.

The difference between the maximum and minimum protein contents was 3.07 percentage
points, indicating appreciable varietal variability within the studied material. Since total protein was
calculated from the measured nitrogen content using a conversion factor of 6.25, the observed
proportional relationship between nitrogen and protein values is inherent to the Kjeldahl calculation
procedure rather than an independent biological correlation.

The obtained protein range is generally consistent with values reported for quinoa in previous
studies. Savic et al. [10] reported protein contents of 14.1% and 14.0% for the Puno and Titicaca
varieties, respectively. Pochitskaya [12] found values ranging from 14.2% to 17.3% depending on
quinoa type, while other varietal assessments reported a broader range of approximately 12.83—
18.39% [4].

Under the marginal conditions of the Aral Sea basin, protein concentrations of different quinoa
genotypes ranged from about 10.85% to 15.43% [7]. Similarly, Yuldasheva et al. [14] observed
substantial variation among quinoa genotypes cultivated under the conditions of Tashkent and
Chimbay.

The present results therefore fall within the range previously reported for quinoa, while also
demonstrating differences among the varieties cultivated in Khorezm. The relatively high protein
content observed in New-170 and New-14 suggests that these varieties may be of particular interest
for further evaluation as high-protein quinoa genotypes. However, protein concentration alone does
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not provide a complete assessment of nutritional quality; additional characteristics such as amino acid
composition, mineral content, and other seed-quality parameters should be considered in further
studies.
Conclusion

The study demonstrated clear varietal differences in the protein content of quinoa seeds grown
under the agroecological conditions of the Khorezm Region. Total nitrogen content ranged from 1.967
to 2.457%, corresponding to total protein values of 12.29—15.36%. The highest protein content was
recorded in New-170, followed by New-14, whereas the lowest value was observed in Check-2. The
difference between the maximum and minimum protein contents was 3.07 percentage points. These
results indicate that varietal characteristics may play an important role in protein accumulation under
local growing conditions. Among the studied materials, New-170 and New-14 showed the highest
seed protein concentrations and may therefore be considered promising genotypes for further
cultivation and selection aimed at improving the protein value of quinoa. Further studies including
amino acid composition and other nutritional quality parameters would allow a more comprehensive
assessment of these varieties.
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