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Abstract.

Partial replacement of wheat flour in foodstuffs is of great importance in the food industry. Muffins are a type of semi-sweet
cake that is traditionally made from wheat flour. They are especially favored by children and senior citizens. Muffins have
a long shelf life, which also contributes to their popularity. However, gluten, the main protein in wheat flour, is commonly
associated with celiac disease. Gluten consists of two fractions: gliadins and glutenins.

In this experiment, the original muffins contained 100% wheat flour. Then, we replaced a portion of wheat flour with 25, 50,
and 75% quinoa flour. The samples were stored for 0, 2, and 4 weeks. After that, gliadin proteins were extracted with 70%
(v/v) ethanol. We separated gliadin using a high-performance liquid chromatograph (Agilent Technologies 1260 Infinity, USA)
and measured the total amount of gliadin protein and the amount of gliadin proteins per fraction. The absorbance tests were
conducted at 210 nm.

The gliadin protein content was significantly reduced to the wheat vs. quinoa ratio of 50:50 because quinoa is gluten-free,
even though it is rich in protein. During the storage time of 0, 2, and 4 weeks, the protein content fell down in the samples
with the wheat vs. quinoa ratios of 100:0, 75:25, and 50:50. However, the muffins with 25% wheat flour and 75% quinoa
demonstrated an increase in gliadin content.

The results obtained could be a good starting point for the development of high-fiber, gluten-free, and more nutritionally
valuable muffins.
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AHHOTAIIUSA.

Kekchl OTHOCATCA K MYyYHBIM KOHIAUTEPCKUM M3JICIHAM, KOTOPbIE UMEIOT AJIUTEIbHBINA CPOK XPAHEHUS, YTO BIUSACT HA MX
HOMYJIAPHOCTh. bilarogaps BKyCOBBIM XapaKTEPUCTHKAM KEKChI JIOOAT ACTH M MOXKHWIIbIE JI0U. [JIaBHBIM peLenTypPHbIM
KOMITOHEHTOM KEKCOB SIBIISIETCS MIICHUYHAs MyKa. [ JTIOTeH — OCHOBHOM 0€JIOK B COCTaBe MIIEHUYHOH MykH. VIMeHHO ero
CBSI3BIBAIOT C BO3HMKHOBEHHEM 3a0oiieBaHUs IeHakusl. [ TI0TeH COCTOUT M3 ABYX ()pakIuii: IIMAaJUHOB U TIIOTEHUHOB.
Iens uccienoBaHusl — U3yYCHHE BO3MOKHOCTH 3aMEHBI YaCTH IIIEHUYHOW MyKH B K€Kcax MyKOIl KHHOa.

3aMEeHMIN 9acTh NIICHUIHOW MyKHU B TPAAUIIMOHHBIX KEKCAaX Ha MyKy kuHOA — 25, 50 n 75 %. O6pa3usl xpannnu B TedeHue 0, 2
u 4 nenens. [Tocne aToro 6enku rauagunaa sxctparuposanu 70 % sTaHonaoM. ['THagWH OTAETSIN C TTOMOIIBIO BBICOKO3(h(hEeKTHB-
HOro XuaKocTHOro xpomartorpada (Agilent Technologies 1260 Infinity, CIIIA), 4ToObI H3MepHUTh ero obllee KOJIN4ecTBO Oenka
M KOJIMYECTBO OENKOB B KaXK10i Gpakuuu. TecTsl Ha MOTJIONUICHNE TPOBOMINCH TP JIMHE BOIHEL 210 HM.

Copepikanne Oenka riimagrHa CHIKAJIOCh 10 COOTHONICHHS NMUICHUIBI ¥ KHHOA 50:50, IMOCKOJIBKY MyKa KHHOA HE COJSPIKUT
TIIIOTeHa, X0Ts1 Oorara 6enxom. 3a 0, 2 1 4 HeeH XpaHSHUS coJiep KaHue Oellka CHIKAIOCh B 00pasnax, I/ie COOTHOIICHHE MyKH
nmmeHuIs 1 kuHoa 06110 100:0, 75:25 1 50:50. OgHako B kekcax ¢ 25 % nmeHnyHol Myku U 75 % MyKd KHHOA HaOJII0IaI0Ch
yBEIHUYCHHUE COACPIKAHUS TIIHaHHA.

IMTonyueHHbIE pe3yIbTaThl MOT'YT CTATh TOYKOH JUIs Pa3pabOTKH KEKCOB C BHICOKMM COJICPIKAaHUEM KIICTYaTKH, 0€3 III0TeHa U
MOBBIIIEHHOW MUTATEIBHOCTBIO.

KuaroueBsble ciioBa. Kekcol, nuieHnyHas MyKa, MykKa U3 KMHOa, TJIIOTEH, riruaaunbl, BOXX

®uHaHcupoBaHue. Pabora gBiseTcs 4acThIO UCCIEAOBATEIHCKOTO MpoekTa «Bo3nelicTBue 3aMenIeHUs MILIEHUYHON MYKH
IICEeB/I03CpPHAMM Ha OCJIKM KICHKOBUHBI», (pUHAHCHUPYEeMOro MHUHHMCTEPCTBOM Pa3BUTUS HAYyKH, TEXHOJOTHH M BBICIIETO
ob6paszoBanus Pecnyonuku CepOckoii.

Jast uuTupoBaHus: BiusHue Ha Oenku rimaguHa 4YaCTUYHON 3aMEHBI NIIEHUYHONH MYKH B KEKcaX MYKOH M3 KHHOA /
B. C. I'otikoBny L{BeTkoBud [u np.] // TeXHUKA U TEXHOJIOTHS MUIIEBBIX Mpou3BoacTB. 2024. T. 54. Ne 1. C. 82-92. (Ha anrm.).
https://doi.org/10.21603/2074-9414-2024-1-2490

Introduction from wheat flour. They owe their popularity to their
By replacing wheat flour with its safer alternatives, extended shelf life [3-5].
food producers both fortify their products and contri- Wheat flour is the basic ingredient in muffins, gluten
bute to preventing certain chronic diseases [1, 2]. Muf-  being its major protein. Gliadins represent one of the
fins are one of the most popular cakes, largely consu- gluten fractions [6]. They are soluble in aqueous alco-
med by such population categories as children and se- hol. Gliadins can be divided into four fractions marked
nior citizens. Muffins are semi-sweet cakes prepared as w5, wl,2, a + f, and y [7-9].
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Pseudocereals do not belong to cereals per se: their
seeds resemble cereals and, therefore, can be used simi-
larly. The most important pseudocereals are amaranth
(Amaranthus spp.), quinoa (Chenopodium quinoa Willd.),
and buckwheat (Fagopyrum esculentum Moench. and
Fagopyrum tartaricum (L.) Gaertn) [10].

Although it is not a cereal, quinoa is often called a super
cereal. It is a rich source of protein. Unlike cereals proper,
quinoa is a complete source of protein because it contains
all nine essential amino acids, for instance, lysine. This
amino acid is essential for tissue growth and recovery [11,
12]. In addition to protein, quinoa also contains iron, po-
tassium, and vitamin B,, as well as other vitamins from
the B group, e.g., B,, B,, and B,. It is a good source of ma-
gnesium, zinc, copper, manganese, as well as fibers [12].

Quinoa does not contain gluten, which makes it sui-
table for people suffering from celiac disease. It is good
for digestion because it contains insoluble fibers [13, 14].
Quinoa is also known to prevent cardiovascular disea-
ses and diabetes because it contains healthy fats and
antioxidants [14].

The Food and Agriculture Organization (FAO) has
recognized the importance and value of quinoa due to
its various positive characteristics. Its genetic variabi-
lity is quite impressive and opens possibilities of deve-
loping superior species [15]. Quinoa is resistant to diffe-
rent agricultural and climatic conditions as it grows at
different altitudes and temperatures. Due to its high nut-
ritional value and ability to provide food for the world’s
population, the year of 2013 was declared the Interna-
tional Year of Quinoa [16].

Considering that quinoa is a gluten-free grain rich
in proteins and other nutrients, and that the number
of people who suffer from celiac disease is increasing
every day, this work examines how replacing part of
wheat flour with quinoa flour and storage time (0, 2,
and 4 weeks) affect gliadin proteins in muffins.

Study objects and methods

Preparing muffins. The muffins were prepared ac-
cording to four different formulations, which differed
in the amount of wheat flour (30 g). We replaced wheat
flour with quinoa flour (Karlsruhe, Germany) in the pro-
portions that ranged from 0, 25, 50, and 75% (by weight).
The quinoa flour used in the experiment contained (as
declared by the producer) the following macronutrients
and nutrients per 100 g: 12.0 g proteins, 6.6 g fats, 67 g
carbohydrates, 5.5 g fibers, < 0.01 g salt. The formu-
lations for the muffins included other ingredients as
well, i.e., sugar powder (10 g), milk (3.2% fat, 12 mL),
butter (9 g), baking powder (0.6 g), and beaten whole
eggs (7.6 g). The muffins were prepared as described
by Bialek et al. [17].

Preparing gliadin. Gliadins were extracted from
100 g muffin samples with 70% (v/v) ethanol (96% v/v
ethyl alcohol, Srbobran). The extraction was carried
out according to the modified methods proposed by
Wieser et al. and Gojkovi¢ Cvjetkovié et al. [18, 19].

84

Separating gliadin separation with HPLC. The
gliadin separation was performed on a high-performan-
ce liquid chromatograph (Agilent Technologies 1260
Infinity, USA). After separating the proteins, we mea-
sured the total amount of proteins and the amount of
proteins in each fraction. The total amount of proteins
was obtained as a sum of individual proteins. The me-
thod of gliadin separation followed the protocol des-
cribed by Gojkovi¢ Cvjetkovic et al. [19].

The statistical data analysis involved the IBM SPSS
Statistics 26 software. We calculated the average amount
of proteins (Xav), standard deviation, and standard error,
as well as minimal and maximal values. We used the
analysis of variance (ANOVA) of different groups to
evaluate the effect of storage time (0, 2, and 4 weeks)
and different shares of quinoa flour on the average amo-
unt of proteins. The significance of the differences
between the average amount at the p = 0.05 level of signi-
ficance was evaluated by the subsequent Tukey’s HSD
test of real difference.

Results and discussion

Table 1 shows the total amount of gliadin proteins
and the amount of protein in each fraction in muffins
with 100% wheat flour.

The highest amount of protein within the w5 gliadin
fraction was isolated from the fresh samples (Xav = 4.00)
while the lowest belonged to those stored for 2 and
4 weeks (Xav = 2.00). Within the w1,2 gliadin fraction,
however, the highest amount of protein was isolated
from the samples after 2 weeks of storage (Xav = 3.67)
whereas the lowest amount was detected in the fresh
samples (Xav = 2.67). The highest amount of protein
within the a + £ was obtained from the samples stored
for 2 weeks (Xav = 6.00), and the lowest was registered
in the samples stored for 4 weeks (Xav = 3.33). Within
the y gliadin fraction, the highest amount of protein be-
longed to the fresh samples (Xav = 15.00) while the lo-
west amount was revealed in the samples that underwent
2 weeks of storage (Xav = 8.67). The ANOVA confirmed
a statistical difference: F(2.6) = 16.35, Sig. = 0.004 < 0.05.
The Tukey’s HSD test showed that the samples stored
for 0 and 2 weeks and 0 and 4 weeks were significantly
different, while the samples stored for 2 and 4 weeks
did not differ significantly.

The highest total amount of protein was extracted
from the fresh muffin sample (Xav = 26.00), and the
lowest total amount of protein came from the samples
subjected to 4 weeks of storage (Xav = 18.00). The
ANOVA revealed a statistical difference: F(2.6) = 13.44,
Sig. = 0.006 < 0.05. The Tukey’s HSD test demonstra-
ted that the samples stored for 0 and 2 weeks, as well
as those stored for 0 and 4 weeks, had a statistically sig-
nificant difference whereas the samples stored for 2
and 4 weeks were statistically the same.

Table 2 shows the total amount of gliadin proteins and
the amount of protein for each fraction in the muffin
samples made from 75% wheat flour and 25% quinoa flour.
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Table 1. Total gliadin and gliadin by fractions in muffins with 100% wheat flour, with absorbance measurement at 210 nm

Tabauna 1. OOuwii riuaauy u riuaauH 1o Gpakuusam B kekcax u3 100 % nueHnyHOl MyKH (M3MEpEeHUE ONTUYECKOU IOTHOCTH
npoBoaAuoch npu 210 HM)

Proteins Storage time N Average protein Standard Standard Minimal Maximal
(weeks) (Xav) deviation error value value

5 gliadins 0 3 4.00 1.00 0.58 3.00 5.00
2 3 2.00 1.00 0.58 1.00 3.00
4 3 2.00 1.00 0.58 1.00 3.00

1,2 gliadins 0 3 2.67 0.58 0.33 2.00 3.00
2 3 3.67 0.58 0.33 3.00 4.00
4 3 3.33 0.58 0.33 3.00 4.00

a + f gliadins 0 3 4.33 1.15 0.67 3.00 5.00
2 3 6.00 1.00 0.58 5.00 7.00
4 3 3.33 1.15 0.67 2.00 4.00

y gliadins 0 3 15.00 1.73 1.00 14.00 17.00
2 3 8.67 1.15 0.67 8.00 10.00
4 3 9.33 1.53 0.88 8.00 11.00

Total proteins 0 3 26.00 1.73 1.00 25.00 28.00
2 3 20.33 2.08 1.20 18.00 22.00
4 3 18.00 2.00 1.15 16.00 20.00

ANOVA (w5) F(2.6) =4.00, Sig. = 0.08 > 0.05, eta square = 8/14 = 0.57

ANOVA (w1,2) F(2.6) = 2.33, Sig. = 0.18 > 0.05, eta square = 1.55/3.55 = 0.44

ANOVA (o + f) F(2.6) =4.45, Sig. = 0.06 > 0.05, eta square = 10.89/18.22 = 0.60

ANOVA (y) F(2.6) = 16.35, Sig. = 0.004 < 0.05, eta square = 72.67/86.00 = 0.84

ANOVA (TAP) F(2.6) = 13.44, Sig. = 0.006 < 0.05, eta square = 101.55/124.22 = 0.82

Table 2. Total gliadin and gliadin by fractions in muffins made from 75% wheat flour and 25% quinoa flour,
with absorbance measurement at 210 nm

Tabnuna 2. O6uMii rIuaguH U TIHAIUH 10 GPaKLUsAM B KeKcax ¢ 75 % mIeHHuHoi MyKd H 25 % MyKH KMHOA
(M3MepeHne ONTHYECKOI MI0THOCTH NPOBOAMIOCH ITpH 210 HM)

Proteins Storage time N Average protein Standard Standard Minimal Maximal
(weeks) (Xav) deviation error value value
5 gliadins 0 3 2.67 0.58 0.33 2.00 3.00
2 3 1.67 0.58 0.33 1.00 2.00
4 3 2.33 0.58 0.33 2.00 3.00
1,2 gliadins 0 3 3.00 1.00 0.58 2.00 4.00
2 3 3.67 0.58 0.33 3.00 4.00
4 3 3.67 0.58 0.33 3.00 4.00
a + [ gliadins 0 3 5.00 1.00 0.58 4.00 6.00
2 3 4.00 1.00 0.58 3.00 5.00
4 3 3.67 1.15 0.67 3.00 5.00
y gliadins 0 3 8.33 1.15 0.67 7.00 9.00
2 3 7.67 0.58 0.33 7.00 8.00
4 3 8.33 0.58 0.33 8.00 9.00
Total proteins 0 3 19.67 1.53 0.88 18.00 21.00
2 3 17.33 1.53 0.88 16.00 19.00
4 3 17.67 1.15 0.67 17.00 19.00
ANOVA (w5) F(2.6) =2.33, Sig. = 0.18 > 0.05, eta square = 1.55/3.55 = 0.44
ANOVA (w1,2) F(2.6) = 0.80, Sig. = 0.49 > 0.05, eta square = 0.89/4.22 = 0.21
ANOVA (a + f) F(2.6) = 1.30, Sig. = 0.34 > 0.05, eta square = 2.89/9.55 = 0.30
ANOVA (y) F(2.6) = 0.67, Sig. = 0.55 > 0.05. eta square = 0.89/4.89 = 0.18
ANOVA (TAP) F(2.6) =2.39, Sig. = 0.17 > 0.05, eta square = 9.55/21.55 = 0.44
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In this experiment, gliadin protein was extracted
from the muffin samples made from 75% wheat flour
and 25% quinoa flour. The chromatographic separa-
tion showed that the highest amount of protein in the
w5 gliadin fraction belonged to the samples stored for
0 weeks (Xav = 2.67). The lowest amount of protein
was detected in the fresh samples (Xav = 1.67). As for
the w1,2 gliadin fraction, the highest amount of pro-
tein was found in the samples stored for 2 and 4 weeks
(Xav = 3.67) whereas the fresh samples showed the lo-
west one (Xav = 3.00). The highest amount of protein
belonged to the a + f fraction and was isolated from the
fresh samples (Xav = 5.00), as well as to the y gliadin
fraction isolated from the four-week sample (Xav = 8.33).
In these fractions, the samples stored for 4 and 2 weeks
contained the lowest amount of protein, which amoun-
ted to Xav = 3.67 and Xav = 7.67, respectively. The
highest total amount of protein was isolated from the
fresh samples (Xav = 19.67) while the samples stored
for 2 weeks had the lowest total amount (Xav = 17.33).
The ANOVA revealed no statistically significant diffe-
rence neither for any particular protein nor for the total.

Table 3 shows the total amount of gliadin proteins
and the amount of protein by fractions in the muffin
samples made from 50% wheat flour and 50% quinoa
flour.

The gliadin proteins extracted from the muffin samp
les with 50% wheat flour and 50% quinoa flour were

separated and tested for total amount and the amount
of gliadin per fraction. As for gliadin fractions @5 and
w1,2, the highest amounts of protein were extracted
from the samples that were stored for 0 (Xav = 3.00) and
4 weeks (Xav = 3.67). The samples that underwent 2 and
0 weeks of storage demonstrated the lowest amounts of
Xav = 1.00 and Xav = 1.67, respectively. The highest
amount of protein within the a + f and y gliadin fractions
belonged to the fresh samples and equaled Xav = 3.67
and Xav = 8.67, respectively. The lowest volumes came
from the samples that were stored for 2 (Xav = 3.00) and
4 weeks (Xav = 6.67). The ANOVA showed a statisti-
cal difference within the y gliadin fraction: F(2.6) = 9.33,
Sig =0.01 <0.05. A subsequent comparison by Tukey’s
HSD test demonstrated that the samples stored for 0 and
4 weeks differed significantly while the samples sto-
red for 0 and 2 weeks, as well as those stored for 2 and
4 weeks, were statistically the same.

The highest total amount of protein belonged to the
fresh samples (Xav = 17.00) while the lowest data were
obtained from the two-week samples (Xav = 14.33).

Table 4 shows the total amount of gliadin proteins and
the amount of protein per fraction in the muffin samp-
les made from 25% wheat flour and 75% quinoa flour.

The highest amount of protein within the w5 gliadin
fraction was obtained from the fresh samples (Xav = 2.67)
while the two-week samples yielded the lowest amount
(Xav = 1.00). As for the w1,2 gliadin fraction, the highest

Table 3. Total gliadin and gliadin by fractions in muffins made from 50% wheat flour and 50% quinoa flour,
with absorbance measurement at 210 nm

Tabnuna 3. OOuwmii riuaguy 1 ruaguH 1o Gpakuusam B kekcax ¢ 50 % nuennyHoi Myku u 50 % Myku KMHOA
(M3MepeHHne ONTUYECKOH MIOTHOCTH MPOBOAMIOCH 1pH 210 HM)

Proteins Storage time N Average protein Standard Standard Minimal Maximal
(weeks) (Xav) deviation error value value

5 gliadins 0 3 3.00 0 0 3.00 3.00
2 3 1.00 0 0 1.00 1.00
4 3 2.00 0 0 2.00 2.00

1,2 gliadins 0 3 1.67 1.15 0.67 1.00 3.00
2 3 2.67 0.58 0.33 2.00 3.00
4 3 3.67 0.58 0.33 3.00 4.00

a + f gliadins 0 3 3.67 0.58 0.33 3.00 4.00
2 3 3.00 0 0 3.00 3.00
4 3 3.00 1.00 0.58 2.00 4.00

y gliadins 0 3 8.67 0.58 0.33 8.00 9.00
2 3 7.33 0.58 0.33 7.00 8.00
4 3 6.67 0.58 0.33 6.00 7.00

Total proteins 0 3 17.00 2.65 1.53 14.00 19.00
2 3 14.33 1.15 0.67 13.00 15.00
4 3 15.33 0.58 0.33 15.00 16.00

ANOVA (05) F(2.6) = inf.

ANOVA (w1,2) F(2.6) =4.50, Sig. = 0.06 > 0.05, eta square = 6.00/10.00 = 0.60

ANOVA (o + f) F(2.6) = 1.00, Sig. = 0.42 > 0.05, eta square = 0.89/3.55 = 0.25

ANOVA (y) F(2.6) =9.33, Sig. = 0.01 < 0.05, eta square = 6.22/8.22 = 0.76

ANOVA (TAP) F(2.6) = 1.88, Sig. = 0.23 > 0.05, eta square = 10.89/28.22 = 0.39
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amount of proteins belonged to the four-week samples
(Xav = 4.33) whereas the lowest one came from the two-
week samples (Xav = 1.67). The highest amount of pro-
tein was observed in the o + f gliadin fraction in the fresh
samples (Xav =4.00) and in the y gliadin fraction in the
samples stored for 4 weeks (Xav = 7.00). The lowest
amount was registered in the a + £ gliadin fraction in
the two-week samples (Xav = 3.00), as well as in the y
gliadin fraction in the four-week samples (Xav = 5.67).
The highest total amount of proteins was obtained from
the muffins after 4 weeks of storage (Xav = 16.33), and
the lowest was detected in the two-week samples (Xav =
12.33). The ANOVA detected a significant difference:
F(2.6) =12.00, Sig. = 0.008 < 0.05. The Tukey’s HSD test
showed that the statistical difference concerned the samp-
les stored for 2 and 4 weeks.

Table 5 shows the total amount of gliadin proteins and
the amount of protein per fraction after the extraction
from the muffin samples made from wheat flour (100,
75, 50, and 25%) and quinoa flour (0, 25, 50, and 75%)
after 0 weeks of storage.

The highest amount of protein within the w5 gliadin
fraction was isolated from the samples that contained
no quinoa flour (Xav = 4.00) while the lowest one came
from those with the wheat vs. quinoa ratios of 75:25 and
25:75 (Xav = 2.67). Within the w1,2 gliadin fraction,
the highest amount of protein belonged to the samples
with 75% wheat flour and 25% quinoa flour (Xav = 3.00)

whereas the lowest was registered in the samples with
equal shares of wheat and quinoa (Xav = 1.67). As for
o + p gliadin, the samples with 75% wheat flour and
25% quinoa flour had the highest amount of protein
(Xav = 5.00). The lowest amounts in this fraction came
from the samples with equal shares of wheat and qui-
noa (Xav = 3.67). Within the y gliadin fraction, the hi-
ghest amount of protein was isolated from the samples
without quinoa (Xav = 15.00), while the lowest belon-
ged to the samples with 25% wheat flour and 75% qui-
noa flour Xav = 5.67). The ANOVA detected a statis-
tical difference: F(3.8) = 37.58, Sig. = 0.000 < 0.05.
According to the Tukey’s test, the significant difference
was found between the samples with the following wheat
vs. quinoa ratios: 100:0 and 75:25; 100:0 and 50:50;
100:0 and 25:75; 50:50 and 25:75. No significant dif-
ference was detected between the samples with the ra-
tios of 75:25 and 50:50; 75:25 and 25:75. The highest
total amount of proteins was extracted from the muf-
fin sample that contained no quinoa and amounted to
Xav =26.00 while the lowest belonged to the samples
with 25% wheat flour and 75% quinoa (Xav = 14.33).
The ANOVA detected a statistical difference: F(3.8) =
23.67, Sig. = 0.000 < 0.05. A subsequent comparison
by Tukey’s test revealed a statistically significant dif-
ference in the samples with the following wheat vs. qui-
noa ratios: 100:0 and 75:25; 100:0 and 50:50; 100:0
and 25:75; 75:25 and 25:75.

Table 4. Total gliadin and gliadin by fractions in muffins made from 25% wheat flour and 75% quinoa flour,
with absorbance measurement at 210 nm

Tabununa 4. O6umil raMaanH ¥ riauaauH 10 GpakiuusM B KeKcax ¢ 25 % MueHnuHoi MyKu U 75 % MyKH KMHOA
(M3MepeHne ONTUYECKOM MIOTHOCTH MPOBOAUIOCH Ipu 210 HM)

Proteins Storage time N Average protein Standard Standard Minima Maximal
(weeks) (Xav) deviation error value value

5 gliadins 0 3 2.67 1.15 0.67 2.00 4.00
2 3 1.00 0 0 1.00 1.00
4 3 2.00 0 0 2.00 2.00

1,2 gliadins 0 3 2.00 1.00 0.58 1.00 3.00
2 3 1.67 1.15 0.67 1.00 3.00
4 3 4.33 1.15 0.67 3.00 5.00

a + f gliadins 0 3 4.00 1.00 0.58 3.00 5.00
2 3 3.00 1.00 0.58 2.00 4.00
4 3 3.00 1.00 0.58 2.00 4.00

y gliadins 0 3 5.67 0.58 0.33 5.00 6.00
2 3 6.67 1.52 0.88 5.00 8.00
4 3 7.00 1.00 0.58 6.00 8.00

Total proteins 0 3 14.33 0.58 0.33 14.00 15.00
2 3 12.33 1.53 0.88 11.00 14.00
4 3 16.33 0.58 0.33 16.00 17.00

ANOVA (w5) F(2.6) =4.75, Sig. = 0.06 > 0.05, eta square = 4.22/6.89 = 0.61

ANOVA (w1,2) F(2.6) = 5.18, Sig. = 0.05, eta square = 12.67/20.00 = 0.63

ANOVA (a + f) F(2.6) = 1.00, Sig. = 0.42 > 0.05, eta square = 2.00/8.00 = 0.25

ANOVA (y) F(2.6) = 1.18, Sig. = 0.37 > 0.05, eta square = 2.89/10.22 = 0.28

ANOVA (TAP) F(2.6) = 12.00, Sig. = 0.008 < 0.05, eta square = 24.00/30.00 = 0.80
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Table 5. Total gliadin and gliadins by fractions in muffins made from wheat flour (100, 75, 50, and 25%)

and quinoa flour (0, 25, 50, and 75%) stored for 0 weeks, with absorbance measurement at 210 nm

Tabnuna 5. OOuMii raMaauH ¥ rIuaauHel 10 GppakuusM B KEKcaX, U3TOTOBJICHHBIX U3 nuieHnyHou Myku (100, 75, 50 u 25 %)

n myku kuHoa (0, 25, 50 u 75 %), nocie 0 Heenb XpaHeHus (M3MEPEHNUE ONTUYECKOH MIOTHOCTH MPOBOAMIIOCH 1pH 210 HM)

Proteins Wheat vs. N Average protein Standard Standard Minimal Maximal
quinoa, % (Xav) deviation error value value

5 gliadins 100:0 3 4.00 1.00 0.58 3.00 5.00
75:25 3 2.67 0.58 0.33 2.00 3.00
50:50 3 3.00 0 0 3.00 3.00
25:75 3 2.67 1.15 0.67 2.00 4.00

1,2 gliadins 100:0 3 2.67 0.58 0.33 2.00 3.00
75:25 3 3.00 1.00 0.58 2.00 4.00
50:50 3 1.67 1.15 0.67 1.00 3.00
25:75 3 2.00 1.00 0.58 1.00 3.00

o+ [ gliadins 100:0 3 433 1.15 0.67 3.00 5.00
75:25 3 5.00 1.00 0.58 4.00 6.00
50:50 3 3.67 0.58 0.33 3.00 4.00
25:75 3 4.00 1.00 0.58 3.00 5.00

y gliadins 100:0 3 15.00 1.73 1.00 14.00 17.00
75:25 3 8.33 1.15 0.67 7.00 9.00
50:50 3 8.67 0.58 0.33 8.00 9.00
25:75 3 5.67 0.58 0.33 5.00 6.00

Total proteins 100:0 3 26.00 1.73 1.00 25.00 28.00
75:25 3 19.67 1.53 0.88 18.00 21.00
50:50 3 17.00 2.65 1.53 14.00 19.00
25:75 3 14.33 0.58 0.33 14.00 15.00

ANOVA (05) F(3.8) =1.79, Sig. = 0.23 > 0.05, eta square = 3.58/8.92 = 0.40

ANOVA (w1,2) F(3.8) = 1.21, Sig. = 0.37 > 0.05, eta square = 3.33/10.67 = 0.31

ANOVA (o + f) F(3.8) = 1.06, Sig. = 0.42 > 0.05, eta square = 2.92/10.25 = 0.28

ANOVA (y) F(3.8) =37.58, Sig. = 0.000 < 0.05, eta square = 140.92/150.92 = 0.93

ANOVA (TAP) F(3.8) =23.67, Sig. = 0.000 < 0.05, eta square = 224.92/250.25 = 0.90

Table 6 shows the total amount of gliadin proteins and
the amount of protein per fraction in the muffin samp-
les with wheat flour (100, 75, 50, and 25%) and quinoa
flour (0, 25, 50, and 75%) after two weeks of storage.

In this experiment, gliadin protein was extracted from
the muffin samples with wheat flour (100, 75, 50, and
25%) and quinoa flour (0, 25, 50, and 75%) after two
weeks of storage. The highest amount of protein within
the w5 gliadin fraction was isolated from the samples
without quinoa (Xav = 2.00) while the lowest came from
the samples with the wheat vs. quinoa ratios of 50:50
and 25:75 (Xav = 1.00). As for w1,2 gliadin, the highest
amount of Xav = 3.67 was detected in the sample without
quinoa, as well as in the sample with 75% wheat flour
and 25% quinoa. The lowest amount within this fraction
came from the samples with 25% wheat flour and 75%
quinoa, equaling Xav = 1.67. The ANOVA test registered
a statistical difference: F(3.8) =4.71, Sig. = 0.03 < 0.05.
According to the Tukey’s HSD test, a statistically signi-
ficant difference existed between the samples with the
following wheat vs. quinoa ratios: 100:0 and 25:75; 75:25
and 25:75. The highest amount of protein within the
o + f gliadin fraction was observed in the samples that
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contained no quinoa (Xav = 6.00) while the lowest belon-
ged to the samples with equal shares of wheat and qui-
noa flours and the samples with 25% wheat and 75%
quinoa (Xav = 3.00). The ANOVA detected a statistically
significant difference: F(3.8) = 8.00, Sig. = 0.008 < 0.05.
According to the Tukey’s HSD test, this statistically signi-
ficant difference occurred between the samples with the
following wheat vs. quinoa ratios: 100:0 and 50:50; 100:0
and 25:75. Within the y gliadin fraction, the highest amo-
unt of protein was isolated from the samples with no
quinoa and reached Xav = 8.67 whereas the lowest be-
longed to the samples with 25% wheat flour and 75%
quinoa (Xav = 6.67). The highest total amount of pro-
teins was extracted from the muffins cooked without
quinoa (Xav = 20.33). The lowest total amount of pro-
teins belonged to the samples with 25% wheat flour and
75% quinoa flour, being as low as Xav = 12.33. The
ANOVA detected a statistical difference: F(3.8) = 14.22,
Sig.=0.001 <0.05. A subsequent comparison by Tukey’s
HSD test showed that this statistically significant diffe-
rence took place between the samples with the following
wheat vs. quinoa ratios: 100:0 and 50:50; 100:0 and 25:75;
75:25 and 25:75.
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Table 6. Total gliadin and gliadins by fractions in muffins with wheat flour (100, 75, 50, and 25%)
and quinoa flour (0, 25, 50, and 75%) stored for 2 weeks, with absorbance measurement at 210 nm

Tabnuna 6. O6uuii rIHaguH U TIHATHHEL 10 GPAKIUAM B KEKCaxX, H3TOTOBICHHBIX M3 mmeHnuHoi Myku (100, 75, 50 u 25 %)
u myku kuHoa (0, 25, 50 u 75 %), nocine 2 HeJelb XpaHeHUs (M3MEPEeHNe ONTUYECKON MIIOTHOCTH NPOBOAMIOCH ITpu 210 HM)

Proteins Wheat vs. N Average protein Standard Standard Minimal Maximal
quinoa, % (Xav) deviation error value value

5 gliadins 100:0 3 2.00 1.00 0.58 1.00 3.00
75:25 3 1.67 0.58 0.33 1.00 2.00
50:50 3 1.00 0 0 1.00 1.00
25:75 3 1.00 0 0 1.00 1.00

1,2 gliadins 100:0 3 3.67 0.58 0.33 3.00 4.00
75:25 3 3.67 0.58 0.33 3.00 4.00
50:50 3 2.67 0.58 0.33 2.00 3.00
25:75 3 1.67 1.15 0.67 1.00 3.00

a + [ gliadins 100:0 3 6.00 1.00 0.58 5.00 7.00
75:25 3 4.00 1.00 0.58 3.00 5.00
50:50 3 3.00 0 0 3.00 3.00
25:75 3 3.00 1.00 0.58 2.00 4.00

y gliadins 100:0 3 8.67 1.15 0.67 8.00 10.00
75:25 3 7.67 0.58 0.33 7.00 8.00
50:50 3 7.33 0.58 0.33 7.00 8.00
25:75 3 6.67 1.53 0.88 5.00 8.00

Total proteins 100:0 3 20.33 2.08 1.20 18.00 22.00
75:25 3 17.33 1.53 0.88 16.00 19.00
50:50 3 14.33 1.15 0.67 13.00 15.00
25:75 3 12.33 1.53 0.88 11.00 14.00

ANOVA (w5) F(3.8) =2.25, Sig. = 0.16 > 0.05, eta square = 2.25/4.92 = 0.46

ANOVA (w1,2) F(3.8) =4.71, Sig. = 0.03 < 0.05, eta square = 8.25/12.92 = 0.64

ANOVA (a + f) F(3.8) = 8.00, Sig. = 0.008 < 0.05, eta square = 18.00/24.00 = 0.75

ANOVA (y) F(3.8) =1.92, Sig. = 0.20 > 0.05, eta square = 6.25/14.92 = 0.42

ANOVA (TAP) F(3.8) = 14.22, Sig. = 0.001 < 0.05, eta square = 110.25/130.92 = 0.84

Table 7 shows the total amount of gliadin proteins and
the amount of protein per fraction in the muffin samp-
les with wheat flour (100, 75, 50, and 25%) and quinoa
flour (0, 25, 50, and 75%) after four weeks of storage.

The highest amount of protein within the @5 gliadin
fraction belonged to the samples that contained no qui-
noa and reached Xav = 2.33. The lowest amount of protein
was extracted from the samples with the following wheat
vs. quinoa ratios: 100:0, 50:50, and 25:75 (Xav = 2.00).
Within the w1,2 gliadin fraction, the highest amount of
protein was obtained from the samples with 25% wheat
flour and 75% quinoa flour (Xav = 4.33) while the lowest
came from the samples without quinoa (Xav = 3.33). As
for gliadin o + f, the highest amount of protein was iso-
lated from the samples with 75% wheat flour and 25%
quinoa flour (Xav = 3.67) whereas the lowest amount
belonged to the samples with equal shares of the flours
and the one with 25% wheat and 75% quinoa (Xav = 3.00).
The highest amount of protein within the y gliadin frac-
tion was isolated from the samples that contained no qui-
noa (Xav =9.33). The lowest amount of protein came
from the samples with equal shares of wheat and quinoa
(Xav =6.67). The ANOVA recorded a statistical differ-
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ence: F(3.8) =4.55, Sig. = 0.04 < 0.05. The Tukey’s test
showed that the samples without quinoa and the sample
with equal shares of the flour were significantly different.
The highest total amount of proteins was extracted from
the muffins that contained no quinoa flour (Xav = 18.00)
whereas the lowest came from the samples with equal
shares of both flours and equaled Xav = 15.33.

Bialek et al. could replace wheat flour with 33% pump-
kin seed flour in muffins meant for children [17].

Bhaduri conducted a comprehensive study on the phy-
sical properties of gluten-free flour-fortified muffins [20].
Based on the obtained results, the muffins containing
100% rice flour and 75% rice flour + 25% quinoa flour
were the softest and the most acceptable for consumers.

Kurek and Sokolova improved bread quality with
quinoa flour of different particle sizes and percentages of
wheat flour replacement [21]. The most suitable combi-
nation was 219 pm and 5.41%.

To our knowledge, no publications are available on
the effect that replacing part of wheat flour with qui-
noa flour exerts on gliadin proteins in muffins. In this
research, the highest amount of gliadin proteins was
isolated from the muffin samples made from wheat flour
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Table 7. Total gliadin and gliadin by fractions in muffins with wheat flour (100, 75, 50, and 25%)
and quinoa flour (0, 25, 50, and 75%) stored for 4 weeks, with absorbance measurement at 210 nm

Tabmuna 7. OOyl ruagud ¥ TIHagUH 00 GPAKIUsIM B KEKCaxX, H3TOTOBICHHBIX U3 mmeHnuHoi myku (100, 75, 50 u 25%)

u myku kuHoa (0, 25, 50 u 75%), nociie 4 Heenb XpaHeHUs (M3MEPEHNE ONTUYECKON IUIIOTHOCTH MPOBOAKIOCH ITpu 210 HM)

Proteins Wheat vs. N Average protein Standard Standard Minimal Maximal
quinoa, % (Xav) deviation error value value

5 gliadins 100:0 3 2.00 1.00 0.58 1.00 3.00
75:25 3 2.33 0.58 0.33 2.00 3.00
50:50 3 2.00 0 0 2.00 2.00
25:75 3 2.00 0 0 2.00 2.00

1,2 gliadins 100:0 3 333 0.58 0.33 3.00 4.00
75:25 3 3.67 0.58 0.33 3.00 4.00
50:50 3 3.67 0.58 0.33 3.00 4.00
25:75 3 4.33 1.15 0.67 3.00 5.00

a + p gliadins 100:0 3 3.33 1.15 0.67 2.00 4.00
75:25 3 3.67 1.15 0.67 3.00 5.00
50:50 3 3.00 1.00 0.58 2.00 4.00
25:75 3 3.00 1.00 0.58 2.00 4.00

y gliadins 100:0 3 9.33 1.53 0.88 8.00 11.00
75:25 3 8.33 0.58 0.33 8.00 9.00
50:50 3 6.67 0.58 0.33 6.00 7.00
25:75 3 7.00 1.00 0.58 6.00 8.00

Total proteins 100:0 3 18.00 2.00 1.15 16.00 20.00
75:25 3 17.67 1.15 0.67 17.00 19.00
50:50 3 15.33 0.58 0.33 15.00 16.00
25:75 3 16.33 0.58 0.33 16.00 17.00

ANOVA (05) F(3.8) =0.25, Sig. = 0.86 > 0.05, eta square = 0.25/2.92 = 0.08

ANOVA (w1,2) F(3.8) =0.90, Sig. = 0.48 > 0.05, eta square = 1.58/6.25 = 0.25

ANOVA (a + p) F(3.8) =0.26, Sig. = 0.85 > 0.05, eta square = 0.92/10.25 = 0.09

ANOVA (y) F(3.8) =4.55, Sig. = 0.04 < 0.05, eta square = 13.67/21.67 = 0.63

ANOVA (TAP) F(3.8) =3.04, Sig. = 0.09 > 0.05, eta square = 13.67/25.67 = 0.53

only. We deted the lowest amount of gliadin proteins
in the muffin samples made from 25% wheat flour and
75% quinoa.

Quinoa is rich in protein, but it is also gluten-free,
so gliadin content was at its lowest in the samples with
25% wheat flour and 75% quinoa flour. In the samples
with the wheat vs. quinoa ratios of 100:0, 75:25, and
50:50, the content of the gliadin protein decreased with
the increase in the storage time (0, 2, and 4 weeks). Howe-
ver, the content of gliadin protein extracted from the
samples with 25% wheat and 75% quinoa increased with
time. This phenomenon can be explained by protein dena-
turation, modification of the amino acid chain, formation
of protein polymers, reduction of protein solubility, aggre-
gation, and carbonyl concentration increase [22]. Oxi-
dized lysine, arginine, proline, and threonine can produce
carbonyl derivatives, which, in their turn, can change the
conformation of proteins, thus affecting their functional
properties [23]. In the muffin samples with the wheat
vs. quinoa ratios of 100:0, 75:25, 50:50, and 25:75, the
total amount of protein decreased after 0 and 2 weeks
of storage. However, the total amount of protein went
up in the samples stored for 4 weeks.
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Conclusion

In this study, we replaced part of wheat flour in muf-
fins with quinoa flour and stored the obtained products
for 0, 2, and 4 weeks. After extracting gliadin proteins,
we obtained the following results. The highest amount
of gliadin was isolated from the muffins that contained
wheat flour only (Xav = 26.00). The lowest amount of
protein was isolated from the muffin samples with 25%
wheat flour and 75% quinoa flour (Xav = 14.33). The glia-
din protein content decreased because quinoa is gluten-
free, even though it is rich in protein. In the muffin samp-
les with the wheat vs. quinoa ratios of 100:0, 75:25, and
50:50, the content of gliadin went down as the storage
time reached four weeks. However, the samples with
25% wheat flour and 75% quinoa flour demonstrated an
increase in the content of gliadin protein. The protein
content decreased to the wheat vs. quinoa ratio of 50:50
during storage because of protein denaturation, modifi-
cation of amino acid chains, formation of protein poly-
mers, and low protein solubility.

Quinoa can be recommended to celiac disease pati-
ents because it is rich in proteins but contains no glu-
ten. When we replaced part of wheat flour with qui-
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noa flour in muffins, the amount of gliadin protein
kept decreasing until the ratio of wheat flour and qui-
noa flour reached 50:50. The results obtained in this
study could be a good starting point for the develop-
ment of high-fiber, gluten-free, and more nutritionally
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