Menoufia J. Food & Dairy Sci., Volume 8 Issue 10 (2023): 83 - 95

MENOUFIA JOURNAL OF
FOOD AND DAIRY SCIENCES

https://mijfds.journals.ekb.eg

CHARACTERIZATION, NUTRITIONAL AND FUNCTIONAL
PROPERTIES OF QUINOA FLOUR AND ITS PROTEIN ISOLATE

Amer, Azza A. A.; Khalil, A. H. and Kandil, A.A.A.

Department of Food Science and Technology, Faculty of Agriculture, Minoufia University,
Shibin EI-Kom, Egypt

Received: Oct. 3 , 2023 Accepted: Nov. 7, 2023

ABSTRACT: The objective of this study was the determine the chemical composition, amino acids
profile, limiting amino acids, sodium dodecyl sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE),
In-vitro digestibility, and functional properties of quinoa flour (QF) and protein isolates (Pl). QF contains
significant amounts of protein, fat, fiber, ash, and carbohydrates 14.25, 7.00, 5.14, 3.16, and 70.45%,
respectively. Purity of Pl was 94.12%, and impurities were about 6%. The first limiting amino acid in QF
is cysteine, the second is methionine, and the third is proline. In contrast, in Pl the first amino acid is
cysteine, the second is histidine, and the third is methionine. The efficiency ratio of quinoa flour proteins
(QFP) is higher than that of the PI. The molecular weight (MW) of QFP and Pl have similar MW
(250,130, 100, 70, 55, 35, and 25 K Da). QFP showed higher digestibility than Pl (84.13%, and 79.51%,
respectively). QF had a higher significant (P < 0.05) water absorption capacity than PI. The fat absorption
capacity was 1.38 gm oil /gm of flour for defatted quinoa flour and 1.98 gm oil /gram of protein isolates.
We foundnd that quinoa protein has a high foam stability within 60 min.

Key words: Quality of quinoa protein, Amino Acid, In-vitro digestibility, Anti nutrition factors,
Protein classification, functional properties.

INTRODUCTION the amino acids required for human life, has a
perfect amino acid balance, and is rich in thionic
and lysine amino acids. Quinoa seed can be used
instead of rice, as a hot breakfast cereal, or for
manufacturing baby cereal by boiling it in water.
The seeds can be ground into flour and used to
make pasta, bread, noodles, and biscuits
(Valencia-Chamorro, 2003).

Formerly here was a misconception that
animal proteins were necessary for human
growth. For the essential nutrition of the human
body, they had a higher amino acid score, higher
digestibility,  and morewater  solubility
(Balandran-Quintana et al., 2019).

Quinoa is one of the promising plants from
which protein may be extracted and used in the
food industry for many new food items due to its
high nutritional protein quality and quantity,
which might be considered to be a complete food
(Wu, 2015). All nine essential amino acids are
present in quinoa (Navruz-Varli and Sanlier,
2016). Due to their high protein and well-
balanced amino acid content, quinoa seeds are
frequently utilized in the vegan diets, according
to Thakur and Nimbalkar (2020). Quinoa seeds
are excellent for celiac patients because it does
not contain gluten and have a low concentration
of prolamins, according to Filho et al. (2017)
quinoa is one of the few plants that contains all

According to Foste et al. (2015), scientists
have substituted legumes and other plant-based
proteins, with typical animal-based proteins like
milk and eggs because of allergies and
intolerances. However, the presence of gliadins
and glutenins in several legumes is linked to the
onset of celiac disease. Quinoa seed can be used
a good substitute because it has a high protein
content and less gluten. Quinoa seed protein can
be extracted using several techniques, such as
precipitation and solubilization. The usage of
pseudo-cereals has expanded over the past ten
years, both in healthy diets and special diets for
those allergic to cereals (Gorinstein et al., 2008).
As a result, quinoa seed is getting much attention
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as an alternative crop worldwide (Peruto et al.,
2001).

This study was focused on quinoa seed flour
and protein isolates. This research amied to study
chemical composition of seeds, nutritional value
and the functional characteristics of protein
isolates and quinoa flour.

MATERIALS AND METHODS
Materials

Quinoa seeds (chenopodium quinoa) were
obtained from the National Center for
Agriculture Research 2021. The seeds were
purified and foreign materials before being
stored in polyethylene bags in a dry location at
room temperature (about 25°C) for further
examination.

Methods
Samples preparation
Whole Quinoa Seed

To remove saponins, whole seeds were rinsed
in cold (2°C) water until there was no more
foam, and they were then dried in an air-draft
oven at 45°-1°C until dry. Using a Miller
(Proctor Silex model E160, UPC) and a sixty-
mesh screen, the whole seeds were ground
(Abugoch et al., 2008).

Defatted quinoa flour Preparation

Ground quinoa seed flour was defatted by
soaking four times with n-hexane (60-80°C) at
room temperature for 48 hrs. The solvent was
changed every 12 hrs. The defatted flour was
dried until all traces of hexane were removed at
room temperature (25°C). The defatted quinoa
seed flour passed through a 25 mm (British
standard screen) sieve, the material was milled
once more. The fine flour kept in plastic
(polyethylene) pages in the deep freezer (-18 °C).

Preparation of quinoa protein isolates

Quinoa protein isolate was prepared
according to Alsohaimy et al. (2007).

Proximate composition

The proximate composition (moisture, fat,
protein, total carbohydrate, crude fiber, ash, and
mineral contents) of quinoa seed flour and its
protein isolates were determined according to
AOAC 2023.

Amino acid analysis

According to Durrum et al. (1958) and
Moore et al. (1958), the samples were subjected
to an amino acid analysis using a performance
amino acid analyzer (AAA 400, INGOS Ltd.,
Czech Republic). And calculated according to
the following equation:

% AA= (%Area under the peak)x (%protein)

100
Protein Efficiency Ratio (PER) a = 0.456 + 0.454
(Leucine) - 0.047 (pro) and Protein Efficiency
Ratio (PER) b = 0.498 + 0.454 (Leucine) - 0.105
(Tyrosine) were calculated (Alsmeyer et al.
1974).

SDS-PAGE of quinoa protein

According to Laemmli (1970), the protein
composition of quinoa protein was determined
using Sodium Dodecyl Sulfate-Poly Acrylamide
Gel Electrophoresis (SDS-PAGE) with 5%
stacking gel and 12% separating gel.

In vitro digestibility

Using the multi-enzyme approach of Bodwell
et al. (1980) and Carbonaro et al. (1997). The in-
vitro protein digestibility was calculated using
the equation below:

Y=234,84 — 22,56 X
Where
e Y is the in-vitro digestibility of protein (%).
e X is the pH of the suspension after 20 min
digestion.

Protein classification

Using a modified version of the Osborne
classification process as reported by Lund and
Sandstorn (1943), protein classes of quinoa
protein isolates were divided according to their
solubility. The Kjeldahl method was used to
determine the protein content of the collected

84



Characterization, nutritional and functional properties of quinoa flour and its protein isolate

supernatants total nitrogen content as well as the
residue left over after successive extractions.
Each protein fraction's content was calculated as
a percentage of the meal's overall nitrogen
content, which is the entire nitrogen content of
all its components, including residue.

Determination of anti-nutrients
Determination of saponins

The standard procedure of Obadoni and
Ochuko (2002) and Rodriguez (2017) was
modified slightly. By using the following
equation, the amount of saponins, given in
percent, was estimated.

% Saponin — weight of residue %100

weight of sample

Determination of phytic acid

The measurements were done using a
modified version of the Wheeler and Ferrel
(1971) and Kayode et al. (2013) methods.

Tv x1.19 x3.55%XN ><DF><

100
w

Phytic acid(%) =

Determination of Tannin Content

The modified vanillin-HCI method of Price et
al. (1978) was used to quantitatively measure
tannin as a gallic acid equivalent.

Functional properties
Oil and water absorption capacity

The method of Sathe and Salunkhe (1981)
was used to determine the amounts of oil and
water absorbed the quinoa protein isolate and
quinoa flour.

Foaming capacity and stability

The foaming characteristics of quinoa seed
flour and protein isolate were assessed using the
techniques outlined by Tsutsui (1988) and
Shahidi et al. (1995). The formula below was
used to compute foam capacity:

Foam expansion (%) = %xloo
Where
e A= volume after whipping (ml) at different
times and
e B=volume before whipping

Emulsion capacity and stability

Pearce and Kinsella (1978) methed was used
to determine the stability and emulsion capacity.
The emulsion activity index (EAI) and the
emulsion stability index (ESI) were calculated
according to the following equation:

EAI (m%g)= (2x2.303xA,) — (.25 x protein concentration)

Where
e Ao = absorbance measured immediately after
emulsion formation at 500 nm.

Ao xAt

ESI (mln) = T
Where
e AA=Ao0-A10 and At =10 min.

Statistical analysis

All data will be shown as mean SD (standard
deviation). Costat version 6.311 (Copyright
1998-2005, Cohort Software) (SAS, 2000) was
used for the statistical analysis. Except for the
emulsion characteristics and foaming ability of
quinoa flour and protein isolates, every analysis
is reported as the variance (one-way ANOVA)
for all results. At 5% probability (P 0.05),
differences between treatments were considered
significant.

RESULTS AND DISCUSSION
Proximate composition

Data in Table (1) shows the proximate
composition of whole quinoa seed flours and
quinoa protein isolates. Quinoa seed flour
contains remarkable amounts of protein higher
than most commonly used cereals. It also
contains significant amounts of protein, fats,
fiber, and carbohydrates 14.25, 7, 5.14, 3.16, and
70.45%, respectively. Also shows the chemical
composition of the protein isolates, where, the
isolated protein content was found to be 94.12%,
and the ingredients and impurities are about 6%,
this results consistent with Gaikwad et al. (2021)
who found that the quinoa seeds have a good
nutritional profile with carbohydrate
(61.12+0.31%), protein (15.24+0.25%) and fat
(6.1£0.58%).
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Table (1): Chemical composition of quinoa seed flour and protein

isolates (gm/100gm sample on

dry weight basis)

Chemical Constituents Quinoa seed Flour Protein Isolate LSD
Total Protein (N x 6.25) 14.25" +0.92 94.12%+0.82 1.978
Crude Lipids 7.0°+0.42 2.33° +0.09 0.688
Crude Fiber 5.14°+ 0.04 0.0°+0.0 0.065
Total ash 3.16% £0.41 1.66° +0.04 0.253
Total Carbohydrates 70.45%+0.29 1.89" +0.25 0.619
Moisture 11.31%+0.71 6.03°+ 25 1.218

Means in the same row with different letters are significantly different (p<0.05).

*Means + standard deviation of means of three determinations.

LSD = Least Significant Different

Amino acids profile Sodium- dodecyl sulfate -

Table (2) represents the amino acid profile of
quinoa seed flour and quinoa protein isolate. A
protein’s amino acid makeup mostly determines
how nutrient-dense it is. Quinoa seeds had an
amino acid profile similar to milk casein. Our
findings were consistent with those reported by
Bhargava et al. (2003), who discovered that
quinoa protein contains larger amounts of lysine
(5.10-6.4%) and methionine (0.4-1%).

limiting amino acids of quinoa and
protein isolates

The limiting amino acids of quinoa and
protein isolates were shown in Table (3). This
study showed that the first limiting amino acid in
quinoa flour is cysteine and the second amino
acid is methionine, and the third amino acid is
proline, while in the isolated protein, the first
amino acid is cysteine, and the second amino
acid is histidine, and the third is methionine. The
efficiency ratio of quinoa protein flour (15.7) is
higher than the isolated protein (14.9), this study
is similar to Ranhotra et al. (1993) who reported
that the PER of cooked quinoa was 30% greater
than that of uncooked quinoa. Also they
concluded that the quality of protein in quinoa is
equals to that of casein.

Polyacrylamide Gel Electrophoresis
(SDS-PAGE) pattern of defatted
quinoa flour and protein isolates

To determine the polypeptide chains of the
major proteins in defatted quinoa flour and
protein isolate, the sample was subjected to
electrophoresis on polyacrylamide gel in the
presence of sodium dodecyl sulfate (SDS). The
molecular weights of these proteins are shown in
Fig. (1). This study showed that the molecular
weights of flour and isolated protein have similar
molecular weights (MW) 250,130, 100, 70, 55,
35, and 25 K Da, this study is similar to that
reported by (Shen et al., 2021) who showed that
QPI mainly consists of globular and albumin
proteins and shows a complex protein band
profile. Similar protein bands were observed in
recent electrophoresis studies on the QPI
obtained by alkaline extraction methods.

In-vitro proteins digestibility in
quinoa flour and protein isolates

Quinoa flour and protein isolates in-vitro
protein digestibility is shown in Fig.2. One of
the most crucial factors affecting the quality and
usage of protein in the human body is in-vitro
protein digestion, which was significantly
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affected by quinoa flour and protein isolate (P>
0.05). In this study, quinoa flour proved high
digestibility, which determines its quality, but
there was a slight difference between flour
protein digestibility, and isolated protein, Quinoa
flour showed higher digestibility than isolated
proteins 84.13%, 79.51% respectively, as shown
in Fig.2. The findings of this study are in line

with those of other studies by Zia-Ur-Rehman
and Shah (2001) and Repo-Carrasco-Valencia
and Serna (2011), according to which the
digestibility of proteins is a crucial factor in
determining how nutrient-dense they are. In-vitro
digestibility of quinoa protein isolate was found
to be 78.37+1.08%.

Table (2): Amino acids composition of Quinoa seeds flour and protein isolates.

Results (Amounts mg/gram Protein ) FAW/WHO

Amino Actd Deffated quinoa Protein Isolates (2007)
flour mg/gm

Histidine 36.88 16.10 15

Leucine 42.94 46.39 59

2 Lysine 96.10 62.24 45
é Isoleucine 33.40 22.36 30.00

<_% Threonine 33.81 31.32 23

% Valine 42.09 34.75 39
LI%J) Methionine 18.98 2.25 —_—
Phenylalanine 41.10 41.06 O——
Tyrosine 41.00 63.33 _
Alanine 39.59 36.79 —_—
2 Aspartic acid 199.36 217.62 O——
_é Arginine 86.91 84.94 —_—
<_EE Glycine 53.80 39.67 —
% Glutamic acid 132.47 148.59 _
u? Cysteine 2.25 3.23 R
2 Proline 27.81 28.13 -
Serine 53.80 56.75 —_—

Table (3): limiting amino acids of quinoa and protein isolates .
Limiting amino acid
Materials PER
First Second Third

Defatted quinoa flour Cysteine Methionine Proline 15.687

Protein isolate Cysteine Histidine Methionine 14.9

PER = protein efficiency ratio
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Fig. (1): SDS-Polyacrylamide Gel Electrophoresis (SDS-PAGE) pattern of defatted quinoa flour
and its protein isolates
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Fig. (2): In-vitro proteins digestibility in quinoa flour and protein isolates (%0)
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Effect of different solvents on the
protein solubility index

Data are provided in (Fig. 3) for the
determination of the protein solubility index of
quinoa protein isolates in distilled water, 0.1 M
sodium chloride, 70% ethanol, and 0.1 M sodium
hydroxide. According to this investigation, the
most protein was soluble in 0.1M sodium
hydroxide, followed by distilled water, 0.1M
sodium chloride, and finally 70% ethanol. The
quinoa protein had a low water solubility, with a
maximum solubility of only about 21.1%,
according to a similar study of Tavano et al.
(2022).

The solubility studies of quinoa protein
isolates proved that the major protein is globulin
(30.99%) followed by albumins (22.14%) as
storage protein. However prolamins was very
low (2.26%) only.

Anti-Nutrition factors in defatted
qguinoa flour and protein isolates

One of the main limiting factors that affect
the nutritional and food characteristics of
legumes and some grains like quinoa seeds is the

presence of anti-nutrition compounds. Table (4)
displays the anti-nutrition characteristics of
protein isolate and defatted quinoa flour. Non-
significant (P < 0.05) differences between
defatted quinoa flour and protein isolates in this
regard. This study showed that saponins and
phytic acid are found in quinoa flour in a greater
amount than in isolated protein, but the tannin is
found in a greater amount in isolated protein
because the tannin in nature is found in a
complex form with protein, Flour is high in
content of both saponins and phytic acid while
protein is high in tannin and low saponins and
phytic acid, this means that water washing
removed a large portion of the saponins due to
its water solubility during the preparation of PI.
This study was in agreement with -earlier
research that measured the levels of saponins in
three different kinds of Salcedoe Regalona
cultivated in Chile, Peru, and Spain. Saponin
content ranged from 8 to 13 g kg™, but there
were no appreciable differences. As a result, it
was hypothesized that this attribute is more
strongly influenced by the genotype than by the
environment Reguera et al. (2018).

40
35 -
30
25 22.14
20 -

15 - 9.77

10
57 I
0

% protein soiubility

2.26
.

34.82
30.99

chloride

Distilled water 0.1 M Sodium 70% Ethanol 0.1M Sodium

Solvants

Residue
hydroxide

Fig. 3. Protein solubility index of protein Isolate from quinoa in different solvents.

89



Amer, Azza A. A.; et al.

Table (4) Anti-nutritional factors of quinoa flour and its protein isolates

Anti-nutritional compounds Flour protein isolate LSD
Saponins % 3.96%+ 0.152 1.90°+0.1 0.292
Tanine % 0.49"+ 0.02 0.87°+0.03 0.057
Phytic Acid % 1.23* £0.152 0.018" +0 0.245

Means in the same raw with different letters are significantly different (p<0.05).

Means + standard deviation of means for three determinations.

LSD = Least significant difference

Physicochemical  properties and
techno-functional properties of DQF
and QPI

Water absorption capacity

Absorption of water for defatted quinoa flour
and isolated protein is found in Fig. 4. DQF had
a significant (P < 0.05) higher water absorption
capacity than QPI. The values for defatted
quinoa flour and isolated protein were 1.81 and
1.46 gm H,o /gm flour: protein, respectively.
According to (Dakhili et al. 2019) QPs absorbed
water at a rate of 3.94 +0.06 ml/g, which is
higher than pearl millet and wheat but lower than
soy protein.

Oil absorption capacity

Significant (p <0.05) differences were
observed between defatted quinoa flour and
quinoa protein isolates in their absorption
capacities in Fig. 4. The fat absorption capacity
was 1.38 gm oil /gm flour for defatted quinoa
flour and 1.98 gm oil /gram protein isolate. The
oil absorption capacity of QPs was reported by
Ashraf et al. (2012) to be 1.88 +0.02 ml/g, which
is somewhat higher than wheat but lower than
pearl millet and soy protein. These results are
comparable to those reported by those authors.
The same pattern was shown with oil absorption,
as quinoa protein absorbed 1.88 + 0.02 ml/g,
while soy protein absorbed 2.10 +0.10 ml/g and
wheat protein absorbed 1.58 £0.03 ml/g.

Emulsifying activity and stability

According to Elsohaimy et al. (2015),
emulsion characteristics are one of the crucial
functional traits of proteins that influence how
food products behave. The emulsion properties

of defatted quinoa flour and protein isolate are
found in Table 5. In this study, the isolated
quinoa protein proves higher emulsification
activity and stability in low concentrations of
protein as well as defatted quinoa flour protein
which, was in the same behavior. But the isolated
protein showed much higher emulsification
activity and stability than quinoa flour protein as
shown in Table 5.

Foam properties capacity and stability
Foaming capacity

The foam formation of isolated protein and
quinoa flour protein is found in (Table 6), and it
was observed from this study by increasing
protein concentration, the foaming capacity
increased, and the maximum foam was found at
concentration of 3%, the foaming capacity for
quinoa flour and protein isolates at concentration
3% was 35.1, 78.25% respectively. But the
isolated protein has shown a much higher foam
than the quinoa flour protein, as shown in the
table. This study is comparable to (Lomakina and
Mikova, 2006), which reported that the foaming
capacity (FC) of quinoa protein isolate varied
from 58.37+£2.14% at 0.1% protein concentration
to 78.62 +£2.54% at 3% protein concentration,
with an average of 69.28%. The foaming
capacity increased considerably as the protein
concentration increased (P 0.05). Foaming
stability (FS) ranged from 83.55 £5.95 at 0 min
to 54.54 £15.31% at 60 min (P 0.05). The results
demonstrated that quinoa protein can produce
foam with high stability, which increases its
potential use in food processing. Using egg
albumin (an outstanding foaming agent) as a
reference, the foaming capacity and stability of
egg albumin ranged from 156 to 200% and from
33 to 54% respectively.
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2.5

1.5 M water adsopatio
m capacity
1 m fat adsorbation
capacity
0.5

flour protein isolate

Fig.4. Water and fat absorption capacities of quinoa seed flour and protein isolates

Table (5): Emulsion properties of defatted quinoa flour and protein isolates.

Concentration of protein in sample Samples M )
EAI Quinoa flour Protein isolate eans
0.1% 0.8+0.1 0.73 +0.56 0.312°
"0.5% 0.95+£0.5 1.3%£0.1 1.12°
1% 1.1+0.1 2.3+0.2 1.7°
3 3.03+0.15 3.66+0.32 3.35°
Means’ 1.47° 2°
ESI
0.1% 335105 41.7+0.25 37.63°
0.5% 36.33+0.30 46.23 £ 0.49 41.28°
1% 3414041 43.96 +0.45 39.05"
3 21.9+0.90 29.75+0.69 25.84°
Means' 31.46 40.43°

Means' in the same row with different letters are significant at (p < 0.05). LSD = 0.659 for different concentration

Means? in the same column with different letters are significant at (p < 0.05). LSD = 0.446 for quinoa and protein isolates

Table (6): Foaming capacity (%) of quinoa flour Proteins and protein Isolates at different

concentration

Concentration (%) Flour Protein Mean?
0.10 19.46+0.05 55.05+0.96 37.26°
0.50 24.19+0.73 65.13+0.99 44.67°
1.00 25.33+0.3 73.09+0.79 49.21°
2.00 29.3+0.26 76.45+0.5 52.88°
3 35.1+0.4 78.25+0.20 56.67°
Mean® 26.88" 69.59°

Means in the same row with different letters are significant at (p < 0.05). LSD = 0.48 for quinoa and protein isolates

Means? in the same column with different letters are significant at (p < 0.05).
LSD = 0.76 for different concentration

stability within 60 min higher than defatted
quinoa flour and the foam stability gradually
decreases within 60 min from 16.03 at zero time
to 6.88 at 60min (ml/gdb).

Foaming stability

Foaming stability for defatted quinoa flour
and isolated protein is found in Fig. 5. From the
data, we found that quinoa protein has high foam
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Fig. 5. foaming stability (ml) of quinoa flour Proteins and protein Isolates during 60 min.

REFERENCES

A.0.A.C. (2023). Official Methods of Analysis
of the Association of Official Analytical
Chemists. Published by the A.O.A.C.
International 17" Ed. Washington, D.C.

Abugoch, L. E.; Romero, N.; Tapia, C. A;
Silva, J. and Rivera, M. (2008). Study of
some physicochemical and functional
properties of quinoa (Chenopodium quinoa
Willd) protein isolates. J. Agricultural and
Food chemistry, 56: 4745-4750.

Alsmeyer, R. H.; AE, C. and ML, H. (1974).
Equations predict PER from amino acid
analysis. J. Food Technology, 28: 34-38.

Alsohaimy, S. A.; Sitohy, M. Z. and El-Masry,
R. A. (2007). Isolation and partial
characterization of chickpea, lupine and
lentil  seed  proteins.J.  Agricultural
Sciences, 3: 123-129.

Ashraf, S.; Saeed, S. M. G.; Sayeed, S. A. and
Ali, R. (2012). Impact of Microwave
Treatment on the Functionality of Cereals
and Legumes. J. International Journal of
Agriculture and Biology, 14: 356-370.

Balandran-Quintana, R. R.; Mendoza-Wilson,
A. M.; Montfort, G. R. C. and Huerta
Ocampo, J. A. (2019). Plant-based proteins.
In Proteins: Sustainable source, processing
and applications (pp. 97-130). Academic
Press.

Bhargava, A.; Shukla, S. and Ohri, D. (2003).
Genetic variability and heritability of
selected traits during different cuttings of
vegetable Chenopodium. Indian Journal of

Genetics and Plant Breeding, 63: 359-360.

Bodwell, C. E.; Satterlee, L. D. and Hackler, L.
R. (1980). Protein digestibility of the same
protein preparations by human and rat
assays and by in vitro enzymic digestion
methods. The American journal of clinical
nutrition, 33: 677-686.

Caperuto, L. C.; Amaya-Farfan, J. and
Camargo, C. R. O. (2001). Performance of
quinoa (Chenopodium quinoa Willd) flour in
the manufacture of gluten-free spaghetti. J.
Science of Food and Agriculture, 81: 95-
101.

Carbonaro, M.; Cappelloni, M.; Nicoli, S,
Lucarini, M. and Carnovale, E. (1997).
Solubility— digestibility relationship of
legume proteins. Journal of Agricultural and
Food Chemistry, 45: 3387-3394.

Dakhili, S.; Abdolalizadeh, L.; Hosseini, S. M.;
Shojaee-Aliabadi, S. and Mirmoghtadaie, L.
(2019). Quinoa protein:  Composition,
structure and functional properties. J. Food
chemistry, 299: 1-10.

Durrum, E. L. (1958). Laboratory aids to
diagnosis and therapy (paper
chromatography and
electrophoresis). Annual Review of
Medicine, 9: 451- 460.

Elsohaimy, S. A.; Refaay, T. M. and Zaytoun,
M. A. M. (2015). Physicochemical and
functional properties of quinoa protein
isolate. J. Annals of  Agricultural
Sciences, 60: 297-305.

FAO/WHO (2007). Energy and protein

92



Characterization, nutritional and functional properties of quinoa flour and its protein isolate

requirement. In Geneva, Nutrition Report
Series, No. 935.

Filho, A. M. M.; Pirozi, M. R.; Borges, J. T. D.
S.; Pinheiro Sant'Ana, H. M.; Chaves, J. B.
P. and Coimbra, J. S. D. R. (2017). Quinoa:
Nutritional, functional, and antinutritional
aspects. Critical reviews in food science and
nutrition, 57: 1618-1630.

Foste, M.; Elgeti, D.; Brunner, A. K.; Jekle, M.
and Becker, T. (2015). Isolation of quinoa
protein by milling fractionation and solvent
extraction. Food and Bioproducts
Processing, 96: 20-26.

Gaikwad, K. K.; Pawar, V. S.; Shingote, A. B.
and Shinde, E. M. (2021). Studies physico-
chemical properties of Quinoa
(Chenopodium quinoa willd.) seed. Pharma.
Innov, 10: 612-645.

Gorinstein, S.; Lojek, A.;Ciz, M.; Pawelzik, E.;
Delgado-Licon, E.; Medina, O. J. and
Goshev, I. (2008). Comparison of
composition and antioxidant capacity of
some cereals and pseudocereals.
International Journal of Food Science and
Technology, 43: 629-637.

Kayode, R. M. O.; Sani, A.; Apata, D. F,;
Joseph, J. K.; Olorunsanya, O. A.; Annongu,
A.A. and Obalowu, M. A. (2013). Physico-
chemical and anti-nutritional
characterization of the kernels of some
mango (Mangifera indica) cultivars grown in
Western parts of Nigeria. J. Food Science
and Quality Management, 22: 1-8.

Laemmli, Uk. (1970). Cleavage of structural
proteins during the assembly of the head of
bacteriophage T4. Nature, 227: 680-685.

Lomakina, K. and Mikova, K. (2006). A study
of the factors affecting the foaming
properties of egg white-a review. Czech J.
Food Sci, 24: 110-118.

Lund, A. P. and Sandstorn, W. M. (1943). The
properties of various tree seeds. J.
Agricultural Research, 66: 349-355.

Moore, S.; Spackman, D. H. and Stein, W. H.
(1958). Automatic recording apparatus for
use in the chromatography of amino acids.
In Federation proceedings, 17: 1107-1115.

Navruz-Varli, S. and Sanlier, N. (2016).
Nutritional and health benefits of quinoa

(Chenopodium quinoa Willd.).J. cereal
science, 69: 371-376.

Obadoni, B. O. and Ochuko, P. O. (2002).
Phytochemical studies and comparative
efficacy of the crude extracts of some
haemostatic plants in Edo and Delta States
of Nigeria. Global Journal of pure and
applied sciences, 8: 203-208.

Pearce, K. N. and Kinsella, J. E. (1978).
Emulsifying ~ properties  of  proteins:
evaluation of a turbidimetric technique. J.
Agricultural and food chemistry, 26: 716-
723.

Reguera, M.; Conesa, C. M.; Gil-Gomez, A;
Haros, C. M.; Pérez-Casas, M. A.; Briones-
Labarca, V. and Bascuian-Godoy, L.
(2018). The impact of different
agroecological conditions on the nutritional
composition of quinoa seeds. Peer J, 6: 1-10.

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. J. Food Science and
Technology, 31: 225-230.

Rodriguez ~ Baquerizo, J. E.  (2017).
Determinacion y cuantificacion de saponinas
en las hojas de la cabuya (furcraea andina)
para su posible uso como tensoactivo en
detergentes biodegradables (Doctoral
dissertation, Universidad de Guayaquil.
Facultad de Ciencias Quimicas).

SAS. (2000). SAS wuser's guide: statistics
Analysis system, 2000 ed. SAS Institute,
Inc., Cary, NC

Sathe, S. K. and Salunkhe, D. K. (1981).
Functional properties of the great northern
bean (Phaseolus vulgaris L.) proteins:
emulsion, foaming, viscosity, and gelation
properties. J. Food science, 46: 71-81.

Shahidi, F.; Han, X. Q. and Synowiecki, J.
(1995). Production and characteristics of
protein hydrolysates from capelin (Mallotus
villosus). J. Food chemistry, 53: 285-293.

Shen, Y.; Tang, X. and Li, Y. (2021). Drying
methods  affect physicochemical and
functional properties of quinoa protein
isolate. J. Food Chemistry, 339: 1-10.

Tavano, O. L.; de Miguel Amista, M. J.; Del
Ciello, G.; Rodrigues, M. C. M.; Nishida, A.

93



Amer, Azza A. A.; et al.

M. B.; Valadares, L. A. and da Silva Junior,
S. I. (2022). Isolation and evaluation of
quinoa (Chenopodium quinoa Willd.) protein
fractions. A nutritional and bio-functional
approach to the globulin fraction. Current
Research in Food Science, 5: 1028-1037.

Thakur, Rohan and Rashmi Nimbalkar (2020).
Quinoa and Chia Seed: Protein Isolates ,
Properties, Nutrition and Health Benefits.
International  Journal of Science and
Research (USR), 9: 607-617.

Tsutsui, T. (1988). Functional properties of heat-
treated egg yolk low density lipoprotein. J.
Food Science, 53: 1103-1106.

Valencia-Chamorro, S. A. (2003). Quinoa In:

Caballero B. Encyclopedia of Food Science
and Nutrition, 8: 4895-4902.

Wheeler, E. L. and Ferrel, R. E. (1971). A
method for phytic acid determination in
wheat and wheat fractions. J. Cereal
chemistry, 48: 312-320.

Wu, G. (2015). Nutritional properties of
quinoa. Quinoa: Improvement and
sustainable production, 193-210.

Zia-Ur-Rehman, Shah, W. H. (2001). Tannin
contents and protein digestibility of black
grams (Vigna mungo) after soaking and
cooking. Plant Foods for Human
Nutrition, 56: 265-273.

94



Characterization, nutritional and functional properties of quinoa flour and its protein isolate

G gl Jgaas ) skl (g8al 4 gal g Apdli gl) ailuadl)

Jad taaf addad) ae el ¢ JilA G o ¢ e daaf Jile e

s oSl G A sial) daala el N A A Y L g 9SS 5 asle il

) padldl
oaall A palaa¥l s el (alealy) 48 jeas o Sl (Sl apans sa 3l jall sda (e Coagll (IS
Gl Agla ol ailiadll g ¢ Jundll 8 aumgl) 2,43 5 «Polyacrylamide Gel Electrophoresis (SDS-PAGE)
5 VE YO a5 Sl la s LIV 5 g oaal s Gl (e B S e QF (ssing ot sl s jmas | saS)
ST gm0 5 SAENY ) g sl g el 65k s iy M) e ZV 80 5¥NT 5008 GV e
Gaeall P il (8 ol ) g G5 e sfiaall s (AU 5 i) 5 QF (B 2505 el (s J
Al QFP 153l s iy auan 3elS (i sinal) s Al g Cpadinngl sa BN 5 ) s 5V i)
(250,130, 100, 70, 5 &liaie s juall i 5 5l 5 V53S0 Gaa 03558 o sall oosl PL Jsdmad) s sl e
Ol e el BBall sball paliaial 358 CulS 5 | Pl (e el ama 3lE QFP ekl 55, 35, and 25 K Da)
doe mploa/Cu)an VA 5o sdall | Sl (582l (3801 (e an/u ) YA G saall (abiaiael A CilS | J g el

ALy Ty et (B e 3o ) DLl Al Sl (45 g 50 )
dadal)

Ll 5 0008l el b)) (g sl hameS Sl cilaiia (08 (05 l) g paas 52 B alasind (S0
Axiadl Glaiiadl 23 gall al & st g daduds ol Lpaailiad (e saldtuY)

95



