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Abstract Diverse functional properties and gluten-free fea-
ture grant quinoa uniqueness among grain-related foods. This
generates great scientific enthusiasms for quinoa-related prod-
uct development worldwide. This review characterizes a wide
variety of quinoa products launched during the last 5 years,
including breads (sourdough and non-sourdough), Chinese-
steamed bread, pasta, cookies, breakfast cereals, snacks, edi-
ble films and emulsion stabilizers. The focus is given to the
impact of quinoa on diverse quality attributes of the products.
Innovative approaches for counteracting the negative alter-
ations in product properties caused by adding quinoa are
discussed. Research directions on how to develop unique qui-
noa-based products are suggested.

Keywords Quinoa - Composite flour - Gluten-free - Texture -
Property - Product development

Introduction

Pseudo-cereal quinoa (Chenopodium quinoa Willd.) has been
cultivated for 50 centuries, dating back to the Aztec, Mayan
and Incan civilizations. Nowadays, quinoa is among the most
popular crops for the Quechua and Aymara people of rural South
America (Graf et al. 2015). Quinoa can be cultivated in poor
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soils and high-altitude regions. Magnifying genetic variability
has further broadened the adaptability of this crop to diverse
agro-climatic habitats and edaphic conditions. This has increased
the yields of diverse varieties in countries outside South Amer-
ica, such as the USA, Canada, India, Italy and China (Bhargava
etal. 2007; Pulvento et al. 2010; Valencia et al. 2010; FAO 2011,
Jacobsen 2011; Gonzalez et al. 2012). The world production of
quinoa has kept growing over the last decade, and was over 100,
000 tonnes in 2013 (FAOSTAT 2015) (Fig. 1).

Quinoa gains popularity among grain-related foods due to
its various nutrients and bioactives. Quinoa proteins
encompassing essential amino acids (lysine, threonine and me-
thionine) are nutritionally well-balanced. The lipids containing
unsaturated fatty acids (linoleic and linoleic acids) are consid-
ered healthy. Quinoa is also known by vitamins (folate and
tocopherols), minerals (iron, copper, manganese, and potassi-
um) and other phytochemicals (ecdysteroids, phenolic acids,
and flavonoids such as kaempferol and quercetin) (Ng et al.
2007; Repo-Carrasco-Valencia et al. 2010; Vega-Géalvez et al.
2010; Alvarez-Jubete et al. 2011; Gémez-Caravaca et al. 2011;
Kumpun et al. 2011; Miranda et al. 2011; Laus et al. 2012; Lutz
et al. 2013; Nascimento et al. 2014). Furthermore, the celiac-
toxic prolamin epitopes within quinoa protein, which were
found absent in majority of quinoa varieties, could not activate
any notable autoimmune response in celiac patients. Thus, qui-
noa could be used to create healthy gluten-free (GF) alterna-
tives for people with gluten intolerance, wheat allergies, and
celiac disease (CD) (Zevallos et al. 2012, 2014). The addition
of quinoa grains has been approved to boost nutritional and
functional features of cereal foods due to the above-
mentioned factors (Vega-Galvez et al. 2010; Hariadi et al.
2011; Valcarcel-Yamani and da Silva Lannes 2012;
Mastromatteo et al. 2012).

Over the past 5 years, quinoa has been involved in the pro-
duction of breads (sourdough and non-sourdough), Chinese
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steamed bread, pasta (spaghetti and tagliatelle), snacks, cook-  Starch

ies, edible films and food-grade Pickering emulsion (PE)
(Table 1). Quinoa addition in the products appeared to alter
the quality of the resulting products to various extents. For
example, partial substitution of wheat flour (WF) with quinoa
seeds (50 %) (Alvarez-Jubete et al. 2010) or quinoa flour (QF;
10 and 20 %) yielded breads with increased nutritional values
and decreased specific volumes (Rodriguez-Sandoval et al.
2012). Incorporation of quinoa protein into chitosan film in-
creased the tensile strength and water vapor permeability and
decreased the water activity and thermal stability of the film
(Araujo-Farro et al. 2010). Diverse approaches (formulation
and process design), therefore, have been attempted to counter-
act the undesirable changes in the quality attributes of the
resulting products with the quinoa additions. This mini-
review presents the recent advances in the formulation and
production of quinoa related food products. Variables influenc-
ing the quality attributes of different types of products are spe-
cifically addressed.

Chemical Components of Quinoa

A recent review has detailed the nutritional impacts of quinoa
macro and minor components on the finished products but has
much less emphasized their influences on the physicochemi-
cal attributes of the intermediate (such as thermo-mechanical
properties of dough) and the finished products (such as tex-
tural characteristics of bread) (Repo-Carrasco et al. 2003;
Valcarcel-Yamani and da Silva Lannes 2012). In fact, struc-
tural and physicochemical properties of quinoa components,
beyond their basic nutritional values, greatly determine the
process feasibilities and quality attributes of quinoa-
containing products.

@ Springer

Starch is the most abundant macro component and a major
energy source of quinoa foods. The content ranged from 48 to
69 % of the whole kernel, in keeping with their genetics,
agronomic factors, and starch extraction methods (Vega-
Galvez et al. 2010; Steffolani et al. 2013). Starch typically
consists of two types of molecules: amylose and amylopectin.
Starches of various quinoa varieties differ in amylose content,
granular structure and size and molecular structure of amylo-
pectin and amylose. These differences probably result in the
difference in physiochemical properties of starch during pro-
cessing in presence of water. These properties include swell-
ing, solubility, pasting, gelatinization, and retrogradation
(Lindeboom et al. 2004; Pérez and Bertoft 2010). As a result,
the quality attributes of quinoa foods vary as a result of these
different physiochemical properties. Quinoa starch (QS) of
diverse genotypes tends to have lower amylose contents (7—
27 %) than most other starches (Lindeboom et al. 2005). QS
granules are small (0.5-3 um in diameter) with a narrow par-
ticle size distribution (Lindeboom et al. 2004). These granule
features make octenyl succinic anhydride modified QS gran-
ule (Fig. 2.) a successful candidate to stabilize food-grade
Pickering emulsions (Matos et al. 2013) and enable native
QS to produce edible films with unique physiochemical prop-
erties (Araujo-Farro et al. 2010).

Protein

Protein content of quinoa seeds ranged from 14 to 18 %. Qui-
noa contains less glutamic acid and proline and more essential
amino acids, such as methionine (4-10 g/kg dry matter (DM))
and lysine (51-64 g/kg, DM) (Gorinstein et al. 2002;
Bhargava et al. 2007). Quinoa protein is composed mainly of
globulins and albumins, with very little or no storage prolamin
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Fig. 2 Scanning electron micrograph (x5000) of octenyl succinic
anhydride-modified quinoa starch granules (Timgren et al. 2011)

proteins which are the toxic proteins associated with celiac
diseases (CD) (Drzewiecki et al. 2003; Gorinstein et al.
2002). CD is an immune-mediated disorder due to unfavorable
responses to the ingestion of prolamins which are storage pro-
teins from wheat (gluten), barley (hordein), rye (secalines) and
oat (avenine). Because of characteristics of quinoa proteins,
the use of quinoa in formulating GF products could be an
advantage (Mékinen et al. 2013). Abugoch et al. (2011) suc-
cessfully incorporated QP into chitosan films and thus extend-
ed the uses of both quinoa and chitosan (Fig. 3). However, due
to exceptional viscoelastic properties of gluten protein in WF,
QF-containing WF dough has much lower gas retention dur-
ing proofing and baking (Wolter et al. 2014).

Fig. 3 SEM micrographs of the
surface of chitosan film (CH),
quinoa protein extract at pH
8/chitosan blend film (Q-8/CH)
and quinoa protein extract at pH
8/chitosan/sunflower oil (2.9 g/
100 mL) blend film (Q-8/CH/
2.950). HM hydrophobic mass,
MF micro-fractures (Valenzuela
etal. 2013)

CH

Q-8/CH

Lipids

Lipid contents of quinoa seeds ranged from 4.4 to 8.8 %,
which are higher than most other cereals. Stikic et al. (2012)
found that adding 20 % QF increased the fat contents of
resulting bread by 16 %. According to Calderelli et al.
(2010), 55-63 % of the fatty acids (FA) in quinoa grains is
unsaturated, with palmitic acid (PA; C16:0), oleic acid (OA;
C18:1 n-9) and linoleic acid (LA; C18:2 n-6) being dominant.
Adding 6 % quinoa grains to WF bread resulted in a lower
amount of saturated FA, as compared with those in WF bread
containing 6 % flaxseeds (Calderelli et al. 2010).

Minor Components

Minor components, such as vitamins and phytochemicals,
contribute to the nutritional and functional properties of
quinoa foods. Miranda et al. (2011) reported that variance in
vitamin composition existed among the Chilean quinoa eco-
types, with the contents of vitamins E, B, B1 and B3 being
2.445-4.644 mg/100 g, 0.349-0.648 mg/100 g, 0.056—
0.081 mg/100 g and 0.562—-1.569 mg/100 g, respectively. o-
tocopherol (TOH) and 'y-TOH are the most naturally occurring
forms for vitamin E in seeds, and they have been claimed to
inhibit oxidation of quinoa food products (Ng et al. 2007). Poly-
phenols are ubiquitous in quinoa seeds and are most responsible
for the antimicrobial and antioxidant potentials of quinoa
(Hirose et al. 2010; Miranda et al. 2011, 2014). According to
Gomez-Caravaca et al. (2011), free and bound phenolics of two
Peruvian varieties were 2.746-3.803 and 0.139-0.164 g/kg,
respectively. The dominant polyphenols in Peruvian seeds

@ Springer
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included 1-O-galloyl-8-pD-glucoside, acacetin, protocatechuic
acid 4-O-glucoside, penstebioside, ethyl-m-digallate, (epi)-
gallocatechin and canthoside (Goémez-Caravaca et al. 2011).
These anti-microbial polyphenols probably prolonged the
mould-free shelf life of bread (Fig.4) and Chinese steamed
bread (Wang et al. 2015).

Quinoa-Related Products

Focusing on reports from the recent 5 years, quinoa product
development has been mainly on bread (sourdough and non-
sourdough), Chinese steamed bread, pasta (spaghetti and taglia-
telle), snacks, cookies, edible films and PE. Table 1 describes
their formulation and quality attributes. Factors influencing the
quality of each product are mainly discussed in this section.

Bread

Quinoa seeds or QF was typically blended into WF or other
flours at diverse weight ratios (e.g. 6/94, 10/90, 12/88, 15/75,
20/80 and 50/50) to formulate composite flour for the bread
making (Alvarez-Jubete et al. 2010; Calderelli et al 2010;
Coda et al. 2010; Chlopicka et al. 2012; Rodriguez-
Sandoval et al. 2012; Hager et al. 2012; Wolter et al. 2014).
A majority of the studies expected the quinoa bread would
share some characteristics of reference bread (typically
100 % WF breads) (Alvarez-Jubete et al. 2010; Rodriguez-
Sandoval et al. 2012; Hager et al. 2012; Wolter et al. 2014). In
fact, adding quinoa modified quality characteristics of the in-
termediate products (i.e. rheological properties of dough), as
well as the finished products (i.e. texture of bread). The opti-
mal water addition level in quinoa-based formulation was
commonly determined using Farinograph (Alvarez-Jubete
et al. 2010; Hager et al. 2012; Wolter et al. 2014). Hager
et al. (2012) also applied empirical trial and error testing to
determine the optimal water addition level for WF-GF com-
posite flours. The empirical trial and error testing was based
on resulting crumb structure and specific volume of loaf
(Hager et al. 2012). Quinoa sourdough fermentation has been
recently employed for their impacts on the sensory properties,
texture, nutritional values and shelf life of the products.

Impact of Quinoa on Dough Properties

Adding QF altered thermo-mechanical properties of WF
dough, such as cooking stability and thermal weakening
(Rodriguez-Sandoval et al. 2012; Hager et al. 2012). As com-
pared with 100 % WF dough, addition of 10 % QF decreased
the cooking stability and setback of dough by 11 and 38 %,
respectively, while increasing the thermal weakening by 8 %,
as measured by Mixolab (Rodriguez-Sandoval et al. 2012).
Stikic et al. (2012) found that adding 20 % quinoa seeds de-
creased water absorption and degree of softening of WF
dough by 2 and 5 %, respectively, as measured by
Farinograph. It is well known that dilution of a cohesive glu-
ten matrix due to QF addition leads to lower elasticity and
extensibility of dough. Hager et al. (2012) characterized the
dough rise by the height and time for reaching a maximum
value. The time and height for reaching 100 % QF dough rise
were found to be 48 and 45 % of those for 100 % WF dough,
respectively. Interestingly, the volume of gaseous release of
100 % QF dough was higher than that of 100 % WF dough (by
14 %), indicating a favorable sugar composition of the QF for
yeast fermentation (Hager et al. 2012).

Impact of Quinoa on Nutritional Properties of Bread

Fortifying bread with quinoa is believed to be a practical ap-
proach to enhance protein quality. Adding 20 % quinoa seeds
increased the protein content of bread by 16 %. The contents
of lysine, methionine and histidine of this bread, in particular,
were 26.5, 8.8 and 9.8 %, respectively, higher than those of
100 % WEF bread (Stikic et al. 2012).

QF addition also increased the total phenolic content
(TPC), total flavonoid content (TFC) and antioxidant capacity
(AC) of bread (Alvarez-Jubete et al. 2010; Chlopicka et al.
2012). 2,2-Diphenyl-1-picrylhydrazyl (DPPH) and ferric ion-
reducing antioxidant power (FRAP) assays were commonly
used to evaluate AC of breads. Alvarez-Jubete et al. (2010)
found that adding 50 % QF addition increased TPC, TFC and
AC of DPPH and FRAP values of the bread by 5, 24, 19 and
13 %, respectively. Chlopicka et al. (2012) found that adding
15 % QF increased TPC, TFC and value of FRAP of bread by
11,36 and 11 %, respectively, and decreased the DPPH value

Day 1

Day 6

WF 100

Day 9

Day 12

Day 15

WF55/QF45

Fig. 4 Visual appearance of bread slices (20 mm thickness) stored at room temperature for 1, 6,9, 12 and 15 days. WF100 100 % wheat flour, WF55/
QF45 55 % wheat flour and 45 % quinoa flour (Wang et al. 2015; unpublished results)
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by 47 %. This was likely due to compositional difference in
phytochemical antioxidants of the samples, which responded
somewhat differently in each type of evaluation assays. Huang
et al. (2005) proposed that single electron transfer (SET) and
hydrogen atom transfer (HAT) are relevant mechanisms for
dietary antioxidants used in the human body. DDPH and
FRAP assays are of the former (SET) mechanism. Other as-
says to reflect the HAT mechanism, such as oxygen radical
absorbance capacity, are yet to be employed.

Impact of Quinoa on the Textural, Storage, and Sensory

Quality of Bread

Specific Volume Loaf-specific volume (SV) refers to the ratio
of volume to weight. SV is one of most studied quality attri-
butes of bread. Adding quinoa flour or seeds decreased the SV
of bread. Rodriguez-Sandoval et al. (2012) found that 10 %
and 20 % QF addition decreased the SV of bread by 11 % and
30 %, respectively. Stikic et al. (2012) reported that adding
20 % quinoa seeds decreased the SV of bread by 5 %. Focus-
ing on GF bread formulation, Hager et al. (2012) observed that
SV of 100 % QF bread was smaller than those of 100 % WF
bread by 42 %. Quinoa addition diluted wheat gluten matrix
and resulted in the decrease of SV.

Textural Properties and Crumb Structures In addition to
SV, textural properties (hardness, adhesiveness, gumminess
and chewiness) of quinoa-containing bread were typically
measured using instrumental texture profile analysis. Bread
of 100 % QF had higher hardness (by 277 %) and chewiness
(by 325 %) than bread of 100 % WF (Hager et al. 2012). The
hardness of 100 % QF bread was 273 % higher than that of
100 % WF breads as confirmed by Wolter et al. (2014). Hager
etal. (2012) applied cell imaging system to determine the size
and distribution of the gas cells of bread slices. The slice
structure was characterized by total slice area, number of cells
(number of discrete cells per slice), area of cells (the total area
of cells as a percentage of the total slice area), cell elongation
(the degree of overall elongation of the cell structure in a
particular direction) and wall thickness (the average thickness
of cell walls) (Hager et al. 2012); 100 % QF replacing WF
decreased total slice area, number of cells, area of cells and
cell elongation of bread by 41, 35, 1 and 6 %, respectively,
except for thickness which was increased by ~1 %. The in-
crease in bread hardness and decrease in cell size are mostly
due to the lack of gluten-type protein in quinoa.

Shelf Life The shelf life of bread was determined by the staling
behaviour and microbial deterioration. Focusing on bread
staling, Hager et al. (2012) replaced WF with 100 % QF and
thereby decreased the rate of bread staling by 95 % (Hager et al.
2012). Wolter et al. (2014) found that replacing WF with 100 %
QF decreased the staling rate of non-sourdough bread by

400 %. The reduced staling rate in quinoa bread was likely
due to the starch component which had a lower retrogradation
than wheat starch (Lindeboom et al. 2005; Hager et al. 2012).
Focusing on microbial spoilage, Hager et al. (2012) found the
first mould growth in breads from 100 % WF and 100 % QF
(packed in a plastic bag) appeared on days 4 and 3, respectively.
Wang et al. (2015) also found that adding QF to WF bread
prolonged the mould-free shelf lives of both bread and Chinese
steamed bread. The visual appearances of the representative
slices of breads of 100 % WF and QF (45 %) and WF (55 %)
mixture stored at room temperature under aerobic conditions
are depicted in Fig 4 (Wang et al. 2015). The prolonged micro-
biological shelf life of bread could be due to the lower water
activity of QF-containing bread than that of WF bread
(Rodriguez-Sandoval et al. 2012), and the presence of antimi-
crobial phytochemicals such as phenolics in quinoa grains (Mi-
randa et al. 2014).

Sensory Properties Sensory acceptance can be the most crit-
ical factor to ensure the successful application of quinoa in
bread formulation. Over 30 % of trained panelists (n = 31)
reported a delicate and crusty taste of bread containing 15 %
QF. 85 % of panelists did not declare a bad taste on bread
contain 30 % QF (Chlopicka et al. 2012). Another sensory
study showed that breads containing 10, 15, and 20 % quinoa
seeds had pleasant aroma (flavour and taste) with slight bitter-
ness. However, panelists fully accepted the appearance attri-
butes (i.e., shape, crust colour, nuance, brightness, and unifor-
mity), texture, aroma and odour of crust and crumb of bread
containing 10, 15 and 20 % quinoa seeds (Stikic et al. 2012).
Therefore, it should be noted that, while affecting the dough
rheology as well as the crumb structure and texture of bread,
quinoa flour/seed partially replacing wheat flour may not neg-
atively affect the consumer acceptance.

Aroma profile of QF-containing bread was analyzed by
panelists in comparison to odorant references in several stud-
ies (Hager et al. 2012; Wolter et al. 2014). These odorant
references included butane-2,3-dione (120 pg/L, buttery),
3-(methylthio)propanal (140 pg/L, cooked potato-like), 3-
methylbutanal (120 pg/L, malty), geosmin (2.1 pg/L,
mouldy), (E,E,Z)-nona-2,4,6-trienal (2.6 pg/L, oat flake-like),
3-isobutyl-2-methoxypyrazine, (3.9 ng/L, pea-like), 2-acetyl-
I-pyrroline (12 pg/L, popcorn-like), acetic acid (18,000,
000 pg/L, vinegar-like) and butanoic acid (120,000 pg/L,
vomit-like and cheesy) (Hager et al. 2012; Wolter et al.
2014). By using the chemical reference listed above, the aro-
ma of bread of 100 % QF was described as with notes of pea-
like (medium to high intensity) and cooked potato and mould
(weak to medium intensity). These notes were distinguished
from yeast-like (medium intense), malty and buttery (weak
intensity) notes of wheat bread crumb (Hager et al. 2012).
Wolter et al. (2014) reported that quinoa bread crumb was
pea and cooked potato-like (medium intensities), grassy and
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mouldy (weak to medium intensities), as well as hay-like
(weak intensity).

Sourdough Bread

Sourdough bread is made from fermented dough with naturally
occurring lactic acid bacteria (LAB) and yeasts present (Coda
et al. 2010). Acidification, proteolysis, activation of some en-
zymes and synthesis of microbial metabolites cause several
changes during sourdough fermentation. The use of sourdough
offers the resulting bread an enhanced flavour, prolonged pres-
ervation and improved dough structure (Poutanen et al. 2009).
Use of quinoa in sourdough could be an advantage as globulins
and albumins in quinoa are more hydrophilic and are easily
accessible by proteolysis enzymes, as compared with wheat
gluten (Dallagnol et al. 2013). Like the non-sourdough bread,
the textural properties of sourdough bread were affected by QF
substitution. Wolter et al. (2014) found that completely replac-
ing WF by QF decreased SV of bread by 58 %, and the hard-
ness of 100 % QF sourdough bread were found to be 605 %
higher than that of 100 % WF sourdough bread (Wolter et al.
2014). Again, the reduced SV and increased hardness of sour-
dough bread with quinoa could be attributed to the dilution of
gluten matrix. Interestingly, replacing WF with 100 % QF had
little effect on the staling of sourdough bread (Wolter et al.
2014). It should be noted that the increased hardness and re-
duced SV by quinoa addition may not be negative in the qual-
ity. For example, the popular rye sourdough bread had much
lower volume and higher hardness than wheat bread.

In quinoa sourdough, dominant LAB species were Lactoba-
cillus paralimentarius and Issatchenkia orientalis and yeast
was Saccharomyces cerevisiae (Vogelmann et al. 2009). Other
strains were also used. Employing Lactobacillus plantarum
(L. plantarum) CRL 78 in formulation of quinoa sourdough
improved the nutritional quality and shelf life of the products,
because of its proteolysis and antifungal activity (Dallagnol
et al. 2013). However, sourdough containing 20 % QF
fermented with exopolysaccharide (EPS) producing Weissella
cibaria MG1 did not improve physicochemical and organolep-
tic qualities of the resulting products (Wolter et al. 2014). In a
study of Coda et al. (2010), a flour mixture of quinoa, ama-
ranth, chickpea and buckwheat (at the ratio of 1:1:5.3:1) was
fermented with baker’s yeast (non-conventional flour bread
(NCB)) and L. plantarum C48 sourdough (non-conventional
flour sourdough bread (NCSB)), respectively. Compared with
NCB, NCSB had the higher concentration of free amino acids,
y-aminobutyric acid (GABA) and phenolic compounds and
antioxidant activity and lower rate of in vitro starch hydrolysis.
Texture and sensory analysis also revealed good palatability
and overall taste appreciation for NCSB (Coda et al. 2010).
Commercially, there appears to be a lack of quinoa-
containing sourdough bread.
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Chinese Steamed Bread

Chinese steamed bread (CSB) is a traditional staple food
widely consumed in Asia. The fermented dough is steamed,
instead of baking (Zhu 2014). The feasibility of incorporating
QF up to 75 % of flour in CSB was studied (Wang et al. 2015).
It was difficult to form any consistent dough when the level of
QF addition was over 80 % (Wang et al. 2015). Addition of
QF decreased the SV, water activity and increased the hard-
ness of CSB. Adding QF also resulted in a prolonged mould-
free shelf-life of CSB. 30 % QF addition increased the shelf
life by 1 day. The decreased SV and increased hardness could
be due to the dilution effect on gluten. The increased micro-
biological shelf-life could be due to the decreased microbial
activity and the presence of some anti-microbial phytochem-
icals in QF (Miranda et al. 2014; Wang et al. 2015). The
nutritional properties and consumer acceptance of these
resulting CSB need further sensory evaluation.

Pasta

Developing ingredients and additives to improve the quality
of pasta made from quinoa has been attempted. Composite
flour of WF and QF as well as QF (QF for gluten free prod-
ucts) was feasible for pasta (tagliatlle and spaghetti) formula-
tion (Chills et al. 2009a, 2009b, 2010; Schoenlechner et al.
2010; Mastromatteo et al. 2012). Tagliatelle is long and flat
pasta originally from Emilia-Romagna and Marche regions of
Italy. The quality attributes of pasta dough can be character-
ized by water absorption capacity, cohesiveness, viscosity and
elasticity of dough. The ideal pasta products should be strong,
flexible, and smooth in surface (Fuad and Prabhasankar
2010). However, partially and completely substituting wheat
semolina with QF altered certain quality parameters of dough
and pasta due to gluten dilution. Adding QF decreased the
strength and elasticity of dough, decreased tensile strength of
dry pasta, increased cooking loss and decreased firmness of
cooked pasta (Sissons et al. 2007; Cubadda et al. 2007). One
approach to counteract these negative impacts was to use
structuring agents. The reported agents included sodium
carboxymethyl cellulose (CMC; 0.1, 0.2 and 0.3 %), whey
protein isolates (WPL; 0.1, 0.2 and 0.3 %), casein (CAS; 0.1,
0.2 and 0.3 %), chitosan (CH; 0.1, 0.2 and 0.3 %), pre-
gelatinized starches (PS) of quinoa, oat and legume (5, 10
and 15 %) and emulsifiers (Chillo et al. 2009a, b;
Schoenlechner et al. 2010). The storage modulus (G’) and loss
modulus (G") of the quinoa dough with pre-gelatinized starch
addition were similar to those of the extruded tagliatelle dough
made from semolina (Chillo et al. 2009a, b). Schoenlechner
etal. (2010) found that adding egg white powder (up to 6 % of
flour) and distilled monoglycerides (DMG) emulsifier (1.2 %
of flour) decreased cooking loss and increased firmness,
cooking stability and surface smoothness of the gluten-free
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pasta from buckwheat-quinoa-amaranth flour mixture.
Mastromatteo et al. (2012) reported that adding pre-
gelatinized QS or legume flour increased elongation and shear
viscosity of dough containing QF, while adding pre-
gelatinized oat starch increased the bulkiness and adhesive-
ness of the pasta. Based on sensory evaluation, addition of
CMC (0.1, 0.2 and 0.3 %) and pre-gelatinized starch (10, 20
and 30 %) did not affect the stress at break of dough and the
sensory attributes of dry and cooked quinoa-based spaghetti
(Chillo et al. 2009a, b).

Snacks and Cookies

Promising compatibility of QF with diverse food ingredients in
snack production has been observed. Sour cassava starch
snacks containing 5, 10, 15 and 20 % QF (Taverna et al.
2012), corn snacks containing 20 % QF (Diaz et al. 2013)
and peanut butter cookies containing 50 and 100 % QF
(Harra et al. 2011) were formulated. Taverna et al. (2012) in-
troduced an optimal formulation (5 % QF) and extrusion con-
ditions (screw speed, 250 rpm; temperature, 100 °C; moisture
content, 15 %) for snacks production. In a comparison study by
Diaz et al. (2013), the hardness of corn snacks containing 20 %
QF was lower than that of snacks of 100 % corn. This may be
due to the presence of other components, reducing the interac-
tions among starch and proteins (Diaz et al. 2013). Harra et al.
(2011) observed that replacing WF by 50 and 100 % QF
granted sweeter and chewier features to the resulting peanut
butter cookies. However, the reason is not clear.

Non-conventional Applications

Quinoa starch and protein were incorporated into edible film-
forming solution to form a new material with enhanced me-
chanical properties. Quinoa starch was found also technolog-
ically feasible to stabilize food-grade Pickering emulsions
(Table 1). The sensory properties of these non-conventional
products are still unclear. Nevertheless, the biodegradable/
edible nature of quinoa-related dietary biopolymers endows
them with great potentials of applications in food systems
(Araujo-Farro et al. 2010; Abugoch et al. 2011).

Quinoa Starch-Based Film

Araujo-Farro et al. (2010) used the quinoa starch (QS) for ed-
ible film production. The optimized conditions were defined as
100 mL solutions (pH 10.7) containing 24 g QS and 1.2 %
glycerol as plasticizer. The conditions for film formation were
at 36 °C for 14 h after casting. The resulting film under optimal
condition presented the lowest water solubility, water vapor
permeability, and oxygen permeability, and best mechanical
properties (Araujo-Farro et al. 2010). In addition, Araujo-

Farro et al. (2010) emphasized that other factors (such as film
forming conditions) can be critical in the physicochemical
properties of the films. The importance of the composition
and structure of QS on the film formation was not well illus-
trated. The applications of QS films in food products remain to
be explored.

Quinoa Protein-Based Film

Compared with single biopolymer, co-existing biopolymers
possibly provide unique physicochemical properties of the
films, thus extending their applicability and feasibility (Rhim
and Ng 2007). Quinoa protein (QP) extract was blended with
chitosan (CH) to formulate edible films (Fig. 3) (Abugoch
et al. 2011). The resulting QP-CH films had increased thick-
ness, tensile strength and elongation at break, and water-vapor
permeability, and decreased water activity and thermal stabil-
ity, as compared with CH films. These unique properties of
QP-CH films were probably due to the cationic nature of CH
that interacts with inter-chain disulfide bonds of 2S albumins
and 118 globulins of QP (Abugoch et al. 2011). The uses of
the QP films remain to be defined.

Quinoa Starch-Based Stabilizer for Pickering Emulsions

Pickering emulsion (PE) is stabilized by solid particles. The
small size (0.5-3 pm in diameter) and narrow size distribution
of QS granules are useful to reduce the amount of starch per
millilitre of oil required to stabilize a given emulsion droplet
interface (Rayner et al. 2012a). Unlike the steric barrier func-
tions of hydrocolloids, hydrophobically modified QS granules
can be absorbed to the oil-water interface, granting the excel-
lent stability and barrier properties to the PE (Repo-Carrasco
et al. 2003; Timgren et al. 2011; Rayner et al. 2012a, 2012b;
Matos et al. 2013).

To increase the hydrophobicity of QS, physical modifica-
tion (i.e. dry heating for modifying the surface proteins of
starch granules) appeared less efficient to stabilize PE than
chemical modification (i.e. n-octenyl succinic anhydride
(OSA) modification) (Rayner et al. 2012b). Among three dif-
ferent degrees of OSA modification (1.95, 3.21 and 4.66 %),
3.21 % was the most efficient for PE stabilization (Fig. 2). A
higher degree of modification (4.66 %) led to aggregation of
QS granules, while a lower degree of modification (1.95 %)
failed to provide enough hydrophobicity (Rayner et al.
2012b). Matos et al. 2013 successfully produced QS double
water-in-oil-in-water (W1/0/W2) emulsion with over 98.5 %
initial encapsulation efficiency. The W1/O/W2 PE had 8.25 %
(v/v) internal water phase (W1) containing carmine dye and
NaCl, 33 % v/v oil phase (O) containing 1.8 % OSA-modified
QS (214 mg/mL Miglyol812 oil) and 58.75 % (v/v) outer
water phase (W2) containing sodium phosphate buffer
(5 mM, pH 7.0) and NaCl (0.2 M). The W1/O/W2 had
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encapsulation stability of over 90 % after 21 days storage at
room temperature. The encapsulation efficiency measured the
initial amount of carmine dye lost from the W1 phase into the
W2 phase during the emulsification process. The encapsula-
tion stability measured the amount of carmine dye leaking
from the internal W1 phase into the outer continuous W2
phase during storage. Around 95 % encapsulation efficiency
and 70-80 % encapsulation stability (after a few weeks’ stor-
age) indicates a good stability of double PE (Matos et al.
2013). PE stabilized by QS remains to be applied in actual
food systems.

Conclusions

Quinoa flour and seeds have been incorporated into bread
(sourdough or non-sourdough), Chinese steamed bread, pasta
(spaghetti or tagliatelle), snacks and cookies to enhance their
nutrition values. Compared with WF products, the physico-
chemical properties of the quinoa-containing intermediate and
finished products were affected by addition level to various
extents. For gluten-free food such as pasta, diverse structuring
agents were employed to counteract the detrimental effect of
quinoa addition on the quality due to gluten matrix dilution.
The eating quality of some quinoa-containing food products
may still be acceptable as evaluated by panelists, depending
on the product type and substitution level. Foods with much
altered physiochemical properties and accepted sensory qual-
ity may be categorized as novel quinoa products. Quinoa
starch and quinoa protein-chitosan composite films as well
as quinoa starch-stabilized Pickering emulsions have been
developed.

There is a lack of information on the glycemic profile of
quinoa products, as quinoa starch appears to be easily
digested. Gluten free products with a low glycemic index
can be desirable, as in some cases, diabetes and celiac diseases
occur together. A comprehensive approach should be
employed to assess diverse quality attributes of the quinoa-
containing products. Some attributes such as dietary fibre
composition, sensory data and consumer acceptance of the
resulting products appeared to be lacking. Non-conventional
products developed as novel products should also be tested for
the feasibility in actual food applications. Apart from seeds,
other parts of quinoa plant including stalks, leaves and roots
could be explored for manufacturing value-added products.
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