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Abstract

Context: Considering the importance of bread as a staple food in many countries around the world, including Iran, This study
aimed to assess the nutritional values (i.e., protein content, fat content, carbohydrates, vitamins, minerals, and antioxidant activity)
of quinoa-wheat bread compared to simple wheat bread.
Evidence Acquisition: A search was conducted in electronic databases, including PubMed, Scopus, and Web of Science, as well
as Google Scholar search engine. After screening the title and full-text of the articles, data were extracted by two independent
researchers; a third researcher interfered in case of disagreement. Keywords, including “Chenopodium quinoa”, “Quinoa”, and
“bread”, were obtained from the MeSh database and the manuscripts of related articles. All papers written in English language,
which were published before March 2022, were selected for this review.
Results: Among 159 initially extracted articles, 38 were selected by screening the titles and removing duplicates and irrelevant
papers. Eleven articles were finally included in this review. Overall, the results showed significantly higher protein, fat, and fiber
content in quinoa-wheat bread compared to simple wheat bread.
Conclusions: Based on the results, the addition of quinoa flour could promote the health benefits of bread by increasing the
protein, lipid, fiber, and micronutrient contents. It is suggested to optimize the nutritional value of the Iranian’s staple food by
adding quinoa flour to wheat bread.
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1. Context

Bread is known as one of the first prepared main foods
and energy sources consumed by humans (1). On average,
Europeans consume 59 kg of bread per capita per year. The
rate of bread consumption has been stable in recent years,
based on the International Association of plant bakers
bread market (AIBI) (2015) (2). Bread is an essential food
in the Iranian diet, providing approximately 48% of daily
calories and meeting 27% of daily protein requirements (3).
The bread consumption of each person in Iran’s rural and
urban populations is 122 and 113 kg/year, respectively (4),
which is 4.5 times higher than the global average (5).

The main ingredients of bread include wheat flour,
water, yeast or sourdough, and salt. Other ingredients,
such as oil, sugar, milk, emulsifiers, and hydrocolloids,

may be added to the bread formulation to improve its
physicochemical properties. Generally, wheat flour is
the main component of bread formulations worldwide.
However, drought and the ensuing shortage of water
sources for producing adequate amounts of wheat, besides
population growth, low-quality bakery products, and high
wastage, are among the primary challenges of the bakery
industry (6). Various seed flours, minerals, vitamins,
proteins, and dietary fibers have been incorporated into
wheat bread to address these challenges and improve the
nutritional value of bread (7).

Quinoa (Chenopodium quinoa) is a flowering plant that
belongs to the amaranth family. Bolivia and Peru are
currently the two most important producers of quinoa
(8-10). These two countries, along with the United
States, are the main consumers of this pseudo-grain,
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with a combined share of 71% of global consumption
(11). Nonetheless, this plant is currently produced in over
70 countries, including many European countries (9, 12).
Quinoa has a higher protein content than most cereals,
with an equal distribution of crucial amino acids, making
it comparable to milk protein in terms of biological value.
It is also superior to most common cereals regarding the
lipid content, protein content, dietary fibers, vitamins
B1, B2, B6, C, and E, and minerals, including calcium,
phosphorus, iron, and zinc. Another advantage of this
pseudocereal is its gluten-free composition, allowing for
a broader selection of more nutritious and acceptable
food products for individuals with celiac disease (13, 14).
Accordingly, in recent years, the addition of quinoa flour
to bread has gained considerable attention worldwide.

Despite the numerous advantages of quinoa seeds,
they are not yet widely included in the food baskets of
some countries, including Iran, due to our insufficient
knowledge about their benefits, high cost, cultivation
limitations, and lack of evidence-based interventions.
Therefore, in this systematic review, we aimed to provide
evidence on the nutritional effects of adding quinoa to
wheat bread for policymakers.

2. Evidence Acquisition

2.1. Search Strategy

The population, intervention, comparator, and
outcomes (PICO) framework was used to gather relevant
information according to the objectives of the study.
The population (P) included in vivo, in vitro, and human
studies on bread, and the intervention (I) involved the
addition of quinoa flour to bread. Quinoa bread was
compared (C) with wheat bread in these studies, and the
outcomes (O) included the nutritional and biochemical
properties of quinoa bread in each study.

Electronic databases, including PubMed, Scopus,
Web of Science, and Google Scholar (50 pages), were
systematically searched. Keywords were obtained from the
MeSh thesaurus and the manuscripts of related articles.
The following combinations of keywords, including
“Chenopodium quinoa”, “Quinoa”, and “bread”, were used
to extract relevant articles: “Chenopodium quinoa” OR
“Quinoa” AND “Bread”. All original and review articles
written in English language, which were published
before March 2022, were selected; no gray literature was
cited. Additionally, the reference lists of relevant review
publications were reviewed to find studies that were not
extracted through the electronic database search. The
assessment of articles was carried out according to the
preferred reporting items for systematic reviews and
meta-analyses (PRISMA) guidelines.

Articles evaluating the biochemical properties and
nutritional value of bread containing quinoa flour
were included in this review. The studied biochemical
properties consisted of protein, carbohydrate, fat,
micronutrient, and fiber contents, antioxidant activity
indices, and glycemic index (GI). The exclusion criteria
were as follows: (1) qualitative studies, commentaries,
letters to the editor, editorials, conference abstracts,
books, articles without a full-text manuscript, and
non-English reports and papers; (2) evaluation of food
products other than bread (e.g., cookies and cakes);
(3) evaluation of quinoa leaves or quinoa bran; (4)
assessment of rheological, physical (e.g., texture, specific
volume, aroma/odor, color, and moisture), sensory,
or technological characteristics of quinoa bread; (5)
non-comparative studies or comparison of quinoa bread
with cereals other than wheat; and (6) study cereal
mixtures other than quinoa.

2.2. Article Screening and Data Extraction

The authors independently conducted the search and
screening (Sh. M. and R. F.), study selection (K.P. Sh. M.,
and R. F.), quality assessment (K. P., H. S., and Gh. M.),
and data extraction (Sh. M. and R.F). Conflicts among
experts were resolved by reaching consensus; if they were
not resolved, a third expert’s opinion was sought (K. P.).
The following characteristics of the selected articles were
reviewed: authors and year of publication, country, study
design, interventions, and percentage of the added quinoa
flour. First, the titles and abstracts of extracted articles
were independently screened by two authors based on
the inclusion and exclusion criteria. Meanwhile, studies
that did not meet the requirements were excluded. In a
secondary screening, the full-texts of articles were assessed
according to the inclusion criteria.

3. Results

3.1. Literature Search and Study Selection

An initial systematic search was conducted in
databases, including PubMed, Scopus, Web of Science
(WOS), and Google Scholar, yielding 159 articles. Finally,
11 articles were found to be eligible by analyzing the
nutritional value and biochemical properties of added
quinoa to bread compared to wheat bread. Figure 1
presents the findings of the search and selection processes
in each step of this review.

3.2. Characteristics of Included Studies

The characteristics of the included studies are
presented in Table 1. The majority of studies were
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Figure 1. The flow diagram of the literature search and selection criteria adapted from the preferred reporting items for systematic reviews and meta-analyses (PRISMA)
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experimental (n = 10), with one study designed as a
randomized controlled trial (RCT) and a crossover study
(15). Four studies were conducted in Spain (16-19), two in
Italy (20, 21), and one in China (22), Egypt (23), Iran (24),
Poland/Ukraine (25), and the United Kingdom (15). The
percentage of quinoa added to bread was 5% to 100% in
different studies. One in vitro study used bread with 100%
quinoa flour (21), one added 50% quinoa flour (16), four
studies added 25% quinoa flour (16-19), two studies added
20% quinoa flour (15, 23), and other studies added less than
20% quinoa flour (22, 24, 25).

3.3. Nutritional and Biochemical Properties

The nutritional properties of bread, such as protein,
fat, and fiber contents, antioxidant activity, and GI, are
shown in detail in Table 2. Five studies reported the
protein, fat, and fiber contents of quinoa-wheat bread
compared to wheat bread (15, 16, 23-25). Three studies (16,
23, 25) reported higher protein, fat, and fiber content in
quinoa-wheat bread compared to wheat bread. However,
in the study by Nasehi et al., the fiber content was not
significantly different between different types of bread
(24). Also, in the study by Iglesias-Puig et al., the protein
content, unlike the fiber content, was not significantly
higher in quinoa bread compared to wheat bread (16).

The micronutrient content of bread was reported
in four studies (16, 18, 23, 24). The iron (23, 24),
calcium (23, 24), copper (24), and magnesium (24)
contents were significantly higher in quinoa-wheat
bread as compared to wheat bread. Moreover, the
main antioxidant activity indices were defined as total
phenolic content (TPC) and total antioxidant activity
in relevant studies. Other indices included radical
scavenging capacity, α-diphenyl-β-picrylhydrazyl (DPPH)
free radical scavenging method, hydroxyl radical (HO•)
scavenging capacity, extractable polyphenol fraction
(EPF), hydrolyzable polyphenol fraction (HPF). Both total
polyphenolic content and total antioxidant activity were
higher in quinoa-added bread (15, 17, 22).

On the other hand, the GI findings were found to be
controversial. Among the included studies, five reported
the GI results (19-23), two reported the carbohydrate
content (15, 25), and one assessed the postprandial blood
glucose after the consumption of quinoa-wheat bread
compared to wheat bread (15). Three studies found that
quinoa-wheat bread had a similar or higher GI compared
to wheat bread (19-21). Two studies reported decreased
GI by incorporating quinoa compared to wheat bread (22,
23), while one study reported a reduction in postprandial
blood glucose after quinoa consumption (15).

4. Discussion

In the present study, we reviewed 11 articles comparing
the nutritional value of quinoa-wheat bread with wheat
bread. The results revealed that the addition of different
amounts of this pseudocereal to wheat bread increased
the protein, fat, fiber, and micronutrient contents of the
bread and improved its antioxidant capacity; however, the
GI findings were not conclusive.

4.1. Nutritional Value

Nearly all reviewed studies reported the higher protein
content of quinoa-wheat bread compared to wheat bread.
Quinoa is known to have an excellent protein content
owing to the balanced presence of essential amino acids
(EAAs), which are needed for growth and maintenance
of development, in addition to adequate bioavailability
(26). Therefore, enrichment of bread, as a staple food, with
quinoa can provide a high-quality protein source to meet
daily requirements. Lysine, histidine, and methionine,
as the main limiting amino acids in typical cereals, are
notably abundant in quinoa protein (26). Besides, quinoa
contains more EAAs than wheat (27). According to the
Food and Agriculture Organization (FAO)/World Health
Organization (WHO) recommendations, quinoa can meet
more than 150% of schoolchildren’s daily requirements
and more than 200% of adults’ daily requirements for
EAAs due to the absence of EAA deficiency (12).

In the present study, all reviewed articles, except one,
reported a higher fiber content in quinoa-wheat bread
compared to wheat bread (24). The conflicting results
are not related to the percentage of added fiber since
the article with the lowest quinoa content (5%) reported
a higher fiber content in quinoa bread in comparison to
wheat bread (25). The 2015 - 2020 Dietary Guidelines for
Americans identified fiber as a significant nutrient that
should be taken into consideration due to its public health
importance (28). Evidence suggests that low-fiber Western
diets increase the risk of chronic diseases, inflammation,
and other health problems, mainly by raising the risk
of colonic microbiota dysbiosis associated with disorders
of the immune, cardiometabolic, and energy regulatory
systems (29). Moreover, a higher fiber content increases
satiety and improves weight control (30). According to
a previous report, the usual fiber intake has recently
decreased to about half the recommended level (29).
Generally, quinoa seed has a total dietary fiber content of
7 - 10%. Although it may have a similar content to other
cereals, the structure of its monosaccharide subunits
mostly resembles that of fruits, vegetables, and legumes
(31).
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Table 1. The Characteristics of Evaluated Studies on the Addition of Quinoa to Wheat Bread in This Systematic Review

First Author (y) Country Study Design Percentage of Added Quinoa; No. (%) Comparable Product

Berti et al. (2004) (20) Italy Experimental (in vivo) ND* White wheat bread

Wolter et al. (2013) (21) Italy Experimental (in vitro) 100 Wheat bread

Iglesias-Puiga et al. (2015) (16) Spain Comparative experimental 25 and 50 Wheat bread

Laparra and Haros (2016) (18) Spain Controlled experimental 25 Wheat bread

Laparra and Haros (2018) (19) Spain Experimental 25 Wheat bread

Li et al. (2018) (15) United Kingdom RCT-crossover 20 Wheat bread

Nasehi et al. (2018) (24) Iran Experimental 9.10 Wheat bread

Xu et al. (2019) (22) China Experimental 5, 10 and 15 Wheat bread

Ballester-Sánchez et al. (2019) (17) Spain Experimental 25 Wheat flour

Kurek and Sokolova (2020) (25) Poland and Ukraine Experimental 5.41 Wheat flour

El-Said et al. (2021) (23) Egypt Experimental 20 Wheat flour

Abbreviation: ND, not determined.

In all four studies examining the fat content of quinoa
bread, it was found that quinoa has a higher fat content
than wheat bread. Compared to wheat which has a
moderate lipid content (2.5 g/100 g of edible part), quinoa
is assumed to have a higher average lipid composition
(6.1 g/100 g), making it a suitable oilseed crop alternative
(31). Quinoa is also high in vitamin E, essential fatty acids
(e.g., linoleic acid), and polyunsaturated fatty acids, all
of which are associated with a reduction in the risk of
cardiovascular diseases (14). The majority of fatty acids in
quinoa are monounsaturated (27%) and polyunsaturated
(55%), whereas saturated fatty acids comprise only 12% of
all fatty acids. The total unsaturated fatty acid content of
quinoa seeds is estimated at 82%, which is comparable to
that of yellow maize grain (73%); it is also 1.5 times greater
than that of durum wheat (31).

In this regard, Song et al. administered different
amounts of quinoa in a high-fat diet to rats to assess
their effects on nonalcoholic fatty liver disease. They
concluded that both lower and higher quantities of quinoa
could effectively regulate the lipid profile, control the
body weight, and mitigate oxidative stress; besides, a
high quantity of quinoa upregulated genes related to lipid
metabolism (32). Moreover, in a study by Li et al. , after
four weeks of quinoa bread consumption, the level of
low-density lipoprotein-cholesterol (LDL-C) was found to
be significantly lower than the baseline; however, there
was no significant difference between the quinoa and
control groups (15).

Evidence suggests the efficacy of a low-GI diet
in protecting against non-communicable diseases,
such as type 2 diabetes, coronary heart disease, and
colorectal, breast, and bladder cancers, all of which

are positively correlated with the dietary GI (33). Two
of the evaluated studies measured the carbohydrate
content of bread, both reporting the lower carbohydrate
content of quinoa-added bread (15, 25). Despite the
lower carbohydrate content and higher protein and fiber
content of quinoa bread, the GI results were inconclusive.
In this regard, a systematic review and meta-analysis
showed that gluten-free bread, including quinoa bread,
generally has a high GI, regardless of the formula (34).
According to some previous studies, using resistant
starches and fructans, as well as ingredients with higher
dietary fiber and protein contents, may reduce the GI of
bread (34).

Among all evaluated studies, there was only one
RCT in accordance with our study objectives, where
postprandial blood glucose was significantly lower at 105,
120, and 135 minutes after the consumption of quinoa
bread (15). Future RCTs can better determine the effects
of quinoa on blood glucose. Except for the study by
Lappara and Haros (18), all three other studies comparing
the micronutrient contents of quinoa and wheat bread
reported higher amounts of minerals, including calcium,
zinc, magnesium, copper, and iron, in quinoa-wheat bread.
Generally, minerals are essential elements, as they are
not synthesized in the human body; therefore, bread
with a higher mineral content can better provide the
recommended daily intake. Moreover, the bioavailable
forms of calcium, magnesium, and potassium in quinoa
are considered to be sufficient for a balanced diet (31).

The United States Department of Agriculture (USDA)
National Nutrient Database shows that quinoa has a
higher total mineral content than wheat (2.4% vs. 1.8%)
(35). In our literature review, studies reported the higher
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antioxidant capacity and TPC of quinoa-wheat bread in
comparison to wheat bread. Some of the many health
benefits of quinoa include the inhibition of oxidases,
termination of radical chain reactions, stabilization
of free radicals, and acting as reducers. They may also
scavenge free radicals and chelate metal ions, which
are cofactors of enzymes initiating oxidative processes
(31). Additionally, they exhibit various biological effects,
including anti-inflammatory, anti-cancer, antidiabetic,
anti-obesity, and cardioprotective effects (36).

In the study by Xu et al., despite the reduced
antioxidant properties of bread compared to dough,
the addition of quinoa improved the antioxidant activity
of bread compared to whole wheat bread (22). Moreover,
in the study by Li et al., the phenolic content increased by
adding quinoa to bread; however, the plasma antioxidant
capacity was not affected (15). The polyphenol content of
red and black quinoa was almost twice as high as wheat; its
antioxidant activity was also higher than wheat (up to 4.7
times) (17). Overall, due to the increased ability to scavenge
free radicals, quinoa-wheat bread is predicted to have
health-promoting benefits in preventing degenerative
and non-communicable diseases.

4.2. Economic and Contextual Considerations

The FAO has introduced quinoa as one of the crops
that can provide food security in the 21st century (37).
Despite the mentioned nutritional values, quinoa did
not receive particular attention until two decades ago
when it was found that quinoa is resistant to different
ecological conditions. The adaptability of quinoa grabbed
the attention of countries with hot and arid climates at risk
of water crisis, such as Italy, Greece, Spain, Morocco, and
Egypt (38).

Salinity tolerance can be regarded as a practical
criterion for selecting salt-resistant crops, as it is a
heritable characteristic of polygenic traits linked to a
complicated genetic background (39). A study conducted
in Egypt on the economic aspects of quinoa cultivation
introduced it as a vital crop supplement for wheat. It could
bridge the food gap in Egypt due to its potential cultivation
in desert areas, requiring only small amounts of frost and
rainwater (40). Generally, quinoa is a cost-effective
crop with more advantages than costs; the return on
investment is roughly estimated at 1.19 pounds. Besides,
it has a positive impact on domestic income due to the
growth of added net value (40). Another economic benefit
of reliance on quinoa is reducing the cost of importing
wheat abroad. Concerning the mentioned issues, quinoa
should be cultivated in countries with low rainfall rates
and drought, such as Iran.

On the other hand, pseudocereals can be potentially
used in the bakery industry. However, they cannot
replace main cereals, as they consist of substances
that are responsible for the unfavorable organoleptic
and technical properties of foods (41). The undesirable
components of anti-nutritional factors, such as saponins
that cause a bitter flavor in food may be eliminated
by processing. Other anti-nutritional compounds
of seeds include phytates, tannins, and protease
inhibitors (42). Finally, quinoa-wheat bread should
be culturally acceptable in a population before being
introduced. Overall, appearance (shape, crust color,
nuance, brightness, and uniformity), crust texture, crumb
texture, aroma/odor of crust and crumb, and aroma/taste
of crust and crumb are the main characteristics of bread,
which make it acceptable to a population.

4.3. Limitations and Recommendations

This study had some limitations. First, bread
undergoes different baking processes, using different
ingredients and different quantities of bran, which were
not addressed in some of the included studies. Second,
only English papers were included in this review because
quinoa is native to Latin countries, and articles published
in the Latin language and in local journals are not easily
or fully accessible. It is recommended to conduct further
RCTs and longitudinal studies to assess the effects of
quinoa on health and diseases. Finally, the cost benefits,
as well as the advantages and disadvantages of adding
quinoa to bread, should be considered in future studies.

4.4. Conclusions

Based on the results, the addition of quinoa to bread
could promote the health benefits of bread by increasing
the protein, lipid, fiber, and micronutrient contents.

Footnotes

Authors’ Contribution: Study concept and design: B.
H., K. BL., P. K., and MH. A.; acquisition of data: F. R., N.
SH., and M. GH.; analysis and interpretation of data: P.
K., B. H., K. BL., M. GH., F. R., N. SH., and S. H.; drafting of
the manuscript: P. K., N. SH., M. GH., and B. H.; critical
revision of the manuscript: B. H., K. BL., P.K., and S. H.;
administrative, technical, and material support: B. H., K.
BL., and MH. A.; and study supervision: K. BL. and B. H. All
authors read and approved the final manuscript.

Conflict of Interests: The authors report no conflicts of
interest.

6 Shiraz E-Med J. 2023; 24(5):e134391.



Keshani P et al.

Data Reproducibility: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication.

Funding/Support: This study was not financially
supported by any public or private organizations.

References

1. Rahman M, Islam R, Hasan S, Zzaman W, Rana MR, Ahmed S,
et al. A comprehensive review on bio-preservation of bread:
An approach to adopt wholesome strategies. Foods. 2022;11(3).
[PubMed ID: 35159469]. [PubMed Central ID: PMC8834264].
https://doi.org/10.3390/foods11030319.

2. Eglite A, Kunkulberga D. Bread choice and consumption trends. Baltic
Conference onFoodScienceand Technology FOODBALT “Food for consumer
well-being. Latvia University of Life Sciences and Technologies. 2017.

3. Heidary K, Esmailpour E. [Investigating Iranian bread consumption
pattern]. Commer Res. 2010;40:2–20. Persian.

4. Mosavi SH. Energy price reform and food markets: The case of bread
supply chain in Iran. Agric Econ. 2016;47(2):169–79.

5. Aalipour Hafshajani F, Mahdavi Hafshajani F, Aalipour Hafshajani
M. Evaluation of salt, sodium, and potassium intake through bread
consumption in chaharmahal and bakhtiari province. Epidemiol
Health System J. 2019;6(2):60–4.

6. Ishida PMG, Steel CJ. Physicochemical and sensory characteristics of
pan bread samples available in the Brazilian market. Food Sci Technol.
2014;34:746–54.

7. Wang K, Lu F, Li Z, Zhao L, Han C. Recent developments in gluten-free
bread baking approaches: A review. Food Sci Technol. 2017;37(suppl
1):1–9. https://doi.org/10.1590/1678-457x.01417.

8. Alissa EM, Ferns GA. Dietary fruits and vegetables and cardiovascular
diseases risk. Crit Rev Food Sci Nutr. 2017;57(9):1950–62. [PubMed ID:
26192884]. https://doi.org/10.1080/10408398.2015.1040487.

9. Ceyhun Sezgin A, Sanlier N. A new generation plant for the
conventional cuisine: Quinoa (Chenopodium quinoa Willd.). Trends
Food Sci Technol. 2019;86:51–8. https://doi.org/10.1016/j.tifs.2019.02.039.

10. Vega-Galvez A, Miranda M, Vergara J, Uribe E, Puente L,
Martinez EA. Nutrition facts and functional potential of quinoa
(Chenopodium quinoa willd.), an ancient Andean grain: A
review. J Sci Food Agric. 2010;90(15):2541–7. [PubMed ID: 20814881].
https://doi.org/10.1002/jsfa.4158.

11. Indexbox. Rising Demand in the U.S., Canada, and Europe
Drives Global Quinoa Exports 2020. 2020. Available from:
https://www.globaltrademag.com/rising-demand-in-the-
u-s-canada-and-europe-drives-global-quinoa-exports/#:~:
text=Consumption%20By%20Country,71%25%20share%20of%
20global%20consumption..

12. Abugoch James LE. Quinoa (Chenopodium quinoa Willd.):
Composition, chemistry, nutritional, and functional properties.
Adv Food Nutr Res. 2009;58:1–31. [PubMed ID: 19878856].
https://doi.org/10.1016/S1043-4526(09)58001-1.

13. Azizi S, Azizi MH, Moogouei R, Rajaei P. The effect of Quinoa
flour and enzymes on the quality of gluten-free bread. Food Sci
Nutr. 2020;8(5):2373–82. [PubMed ID: 32405394]. [PubMed Central ID:
PMC7215228]. https://doi.org/10.1002/fsn3.1527.

14. Filho AM, Pirozi MR, Borges JT, Pinheiro Sant’Ana HM, Chaves JB,
Coimbra JS. Quinoa: Nutritional, functional, and antinutritional
aspects. Crit Rev Food Sci Nutr. 2017;57(8):1618–30. [PubMed ID:
26114306]. https://doi.org/10.1080/10408398.2014.1001811.

15. Li L, Lietz G, Bal W, Watson A, Morfey B, Seal C. Effects of Quinoa
(Chenopodium quinoa Willd.) consumption on markers of CVD risk.
Nutrients. 2018;10(6). [PubMed ID: 29914146]. [PubMed Central ID:
PMC6024323]. https://doi.org/10.3390/nu10060777.

16. Iglesias-Puig E, Monedero V, Haros M. Bread with whole quinoa
flour and bifidobacterial phytases increases dietary mineral
intake and bioavailability. LWT - Food Sci Tech. 2015;60(1):71–7.
https://doi.org/10.1016/j.lwt.2014.09.045.

17. Ballester-Sanchez J, Gil JV, Haros CM, Fernandez-Espinar MT. Effect
of incorporating white, red or black quinoa flours on free and
bound polyphenol content, antioxidant activity and colour of bread.
Plant Foods Hum Nutr. 2019;74(2):185–91. [PubMed ID: 30739280].
https://doi.org/10.1007/s11130-019-00718-w.

18. Laparra JM, Haros M. Inclusion of ancient Latin-American crops
in bread formulation improves intestinal iron absorption and
modulates inflammatory markers. Food Funct. 2016;7(2):1096–102.
[PubMed ID: 26787109]. https://doi.org/10.1039/c5fo01197c.

19. Laparra JM, Haros M. Inclusion of whole flour from latin-american
crops into bread formulations as substitute of wheat delays glucose
release and uptake. Plant Foods Hum Nutr. 2018;73(1):13–7. [PubMed ID:
29392475]. https://doi.org/10.1007/s11130-018-0653-6.

20. Berti C, Riso P, Monti LD, Porrini M. In vitro starch digestibility
and in vivo glucose response of gluten-free foods and their gluten
counterparts. Eur J Nutr. 2004;43(4):198–204. [PubMed ID: 15309439].
https://doi.org/10.1007/s00394-004-0459-1.

21. Wolter A, Hager A, Zannini E, Arendt EK. In vitro starch digestibility
and predicted glycaemic indexes of buckwheat, oat, quinoa,
sorghum, teff and commercial gluten-free bread. J Cereal Sci.
2013;58(3):431–6. https://doi.org/10.1016/j.jcs.2013.09.003.

22. Xu X, Luo Z, Yang Q, Xiao Z, Lu X. Effect of quinoa flour on
baking performance, antioxidant properties and digestibility of
wheat bread. Food Chem. 2019;294:87–95. [PubMed ID: 31126509].
https://doi.org/10.1016/j.foodchem.2019.05.037.

23. El-Said ET, Soliman AS, Abbas MS, Aly SE. Treatment of anaemia and
malnutrition by shamy bread fortified with spirulina, quinoa and
chickpea flour. Egyptian J Chem. 2021;64(5):2253–68.

24. Nasehi B, Jaldani S, Barzegar H. Optimization of physical and imaging
properties of flat bread enriched with quinoa flour. Nutrition Food Sci
Res. 2018;5(3):33–42. https://doi.org/10.29252/nfsr.5.3.33.

25. Kurek MA, Sokolova N. Optimization of bread quality with quinoa
flour of different particle size and degree of wheat flour replacement.
Food Sci Technol. 2020;40(2):307–14. https://doi.org/10.1590/fst.38318.

26. Dakhili S, Abdolalizadeh L, Hosseini SM, Shojaee-Aliabadi S,
Mirmoghtadaie L. Quinoa protein: Composition, structure and
functional properties. Food Chem. 2019;299:125161. [PubMed ID:
31323439]. https://doi.org/10.1016/j.foodchem.2019.125161.

27. Gorinstein S, Pawelzik E, Delgado-Licon E, Haruenkit R, Weisz M,
Trakhtenberg S. Characterisation of pseudocereal and cereal proteins
by protein and amino acid analyses. J Sci FoodAgric. 2002;82(8):886–91.
https://doi.org/10.1002/jsfa.1120.

28. Department of Health and Human Services and United states.
Department of Agriculture. Dietary Guidelines for Americans 2015-2020.
2020. Available from: https://health.gov/sites/default/files/2019-09/
2015-2020_Dietary_Guidelines.pdf .

29. Dreher ML. Whole Fruits and Fruit Fiber Emerging Health Effects.
Nutrients. 2018;10(12). [PubMed ID: 30487459]. [PubMed Central ID:
PMC6315720]. https://doi.org/10.3390/nu10121833.

30. Gonzalez-Anton C, Lopez-Millan B, Rico MC, Sanchez-Rodriguez E,
Ruiz-Lopez MD, Gil A, et al. An enriched, cereal-based bread affects
appetite ratings and glycemic, insulinemic, and gastrointestinal
hormone responses in healthy adults in a randomized,
controlled trial. J Nutr. 2015;145(2):231–8. [PubMed ID: 25644342].
https://doi.org/10.3945/jn.114.200386.

31. Hernández-Ledesma B. Quinoa (Chenopodium quinoa Willd.) as
source of bioactive compounds: A review. Bioact compd health dis.
2019;2(3). https://doi.org/10.31989/bchd.v2i3.556.

32. Song C, Lv W, Li Y, Nie P, Lu J, Geng Y, et al. Alleviating the
effect of quinoa and the underlying mechanism on hepatic
steatosis in high-fat diet-fed rats. Nutr Metab (Lond). 2021;18(1):106.

Shiraz E-Med J. 2023; 24(5):e134391. 7

http://www.ncbi.nlm.nih.gov/pubmed/35159469
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8834264
https://doi.org/10.3390/foods11030319
https://doi.org/10.1590/1678-457x.01417
http://www.ncbi.nlm.nih.gov/pubmed/26192884
https://doi.org/10.1080/10408398.2015.1040487
https://doi.org/10.1016/j.tifs.2019.02.039
http://www.ncbi.nlm.nih.gov/pubmed/20814881
https://doi.org/10.1002/jsfa.4158
https://www.globaltrademag.com/rising-demand-in-the-u-s-canada-and-europe-drives-global-quinoa-exports/#:~:text=Consumption%20By%20Country,71%25%20share%20of%20global%20consumption.
https://www.globaltrademag.com/rising-demand-in-the-u-s-canada-and-europe-drives-global-quinoa-exports/#:~:text=Consumption%20By%20Country,71%25%20share%20of%20global%20consumption.
https://www.globaltrademag.com/rising-demand-in-the-u-s-canada-and-europe-drives-global-quinoa-exports/#:~:text=Consumption%20By%20Country,71%25%20share%20of%20global%20consumption.
https://www.globaltrademag.com/rising-demand-in-the-u-s-canada-and-europe-drives-global-quinoa-exports/#:~:text=Consumption%20By%20Country,71%25%20share%20of%20global%20consumption.
http://www.ncbi.nlm.nih.gov/pubmed/19878856
https://doi.org/10.1016/S1043-4526(09)58001-1
http://www.ncbi.nlm.nih.gov/pubmed/32405394
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7215228
https://doi.org/10.1002/fsn3.1527
http://www.ncbi.nlm.nih.gov/pubmed/26114306
https://doi.org/10.1080/10408398.2014.1001811
http://www.ncbi.nlm.nih.gov/pubmed/29914146
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6024323
https://doi.org/10.3390/nu10060777
https://doi.org/10.1016/j.lwt.2014.09.045
http://www.ncbi.nlm.nih.gov/pubmed/30739280
https://doi.org/10.1007/s11130-019-00718-w
http://www.ncbi.nlm.nih.gov/pubmed/26787109
https://doi.org/10.1039/c5fo01197c
http://www.ncbi.nlm.nih.gov/pubmed/29392475
https://doi.org/10.1007/s11130-018-0653-6
http://www.ncbi.nlm.nih.gov/pubmed/15309439
https://doi.org/10.1007/s00394-004-0459-1
https://doi.org/10.1016/j.jcs.2013.09.003
http://www.ncbi.nlm.nih.gov/pubmed/31126509
https://doi.org/10.1016/j.foodchem.2019.05.037
https://doi.org/10.29252/nfsr.5.3.33
https://doi.org/10.1590/fst.38318
http://www.ncbi.nlm.nih.gov/pubmed/31323439
https://doi.org/10.1016/j.foodchem.2019.125161
https://doi.org/10.1002/jsfa.1120
https://health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
https://health.gov/sites/default/files/2019-09/2015-2020_Dietary_Guidelines.pdf
http://www.ncbi.nlm.nih.gov/pubmed/30487459
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6315720
https://doi.org/10.3390/nu10121833
http://www.ncbi.nlm.nih.gov/pubmed/25644342
https://doi.org/10.3945/jn.114.200386
https://doi.org/10.31989/bchd.v2i3.556


Keshani P et al.

[PubMed ID: 34922572]. [PubMed Central ID: PMC8684231].
https://doi.org/10.1186/s12986-021-00631-7.

33. Jayedi A, Soltani S, Jenkins D, Sievenpiper J, Shab-Bidar S. Dietary
glycemic index, glycemic load, and chronic disease: an umbrella
review of meta-analyses of prospective cohort studies. Crit
Rev Food Sci Nutr. 2022;62(9):2460–9. [PubMed ID: 33261511].
https://doi.org/10.1080/10408398.2020.1854168.

34. Romao B, Falcomer AL, Palos G, Cavalcante S, Botelho RBA,
Nakano EY, et al. Glycemic index of gluten-free bread and their
main ingredients: A systematic review and meta-analysis. Foods.
2021;10(3). [PubMed ID: 33673401]. [PubMed Central ID: PMC7996770].
https://doi.org/10.3390/foods10030506.

35. United States Department of Agriculture. National nutrient
database for standard reference release. 2018. Available from:
https://data.nal.usda.gov/dataset/usda-national-nutrient-database-
standard-reference-legacy-release.

36. Graf BL, Rojas-Silva P, Rojo LE, Delatorre-Herrera J, Baldeon ME, Raskin
I. Innovations in health value and functional food development
of quinoa (chenopodium quinoa Willd.). Compr Rev Food Sci Food
Saf. 2015;14(4):431–45. [PubMed ID: 27453695]. [PubMed Central ID:
PMC4957693]. https://doi.org/10.1111/1541-4337.12135.

37. Jacobsen S. The worldwide potential for quinoa
(Chenopodium quinoaWilld.). Food Rev Int. 2003;19(1-2):167–77.
https://doi.org/10.1081/fri-120018883.

38. Sellami MH, Pulvento C, Lavini A. Agronomic practices and
performances of quinoa under field conditions: A systematic
review. Plants (Basel). 2020;10(1). [PubMed ID: 33396479]. [PubMed
Central ID: PMC7823459]. https://doi.org/10.3390/plants10010072.

39. Flowers TJ, Colmer TD. Salinity tolerance in halophytes.
New Phytol. 2008;179(4):945–63. [PubMed ID: 18565144].
https://doi.org/10.1111/j.1469-8137.2008.02531.x.

40. Mansour SF. The economics study of quinoa production to reduce
food poverty gap in new valley governorate-Egypt.EPH-Int J Agriculture
Environ Res. 2020;6(2):23–9.

41. Graziano S, Agrimonti C, Marmiroli N, Gullì M. Utilisation and
limitations of pseudocereals (quinoa, amaranth, and buckwheat) in
food production: A review. Trends Food Sci Technol. 2022;125:154–65.
https://doi.org/10.1016/j.tifs.2022.04.007.

42. Srinivas K, Dubey U, Lalitha N. Analysing the value chain of quinoa: A
case study of quinoa - the queen to be. FIIB Business Rev. 2018;4(4):30–8.
https://doi.org/10.1177/2455265820150404.

8 Shiraz E-Med J. 2023; 24(5):e134391.

http://www.ncbi.nlm.nih.gov/pubmed/34922572
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8684231
https://doi.org/10.1186/s12986-021-00631-7
http://www.ncbi.nlm.nih.gov/pubmed/33261511
https://doi.org/10.1080/10408398.2020.1854168
http://www.ncbi.nlm.nih.gov/pubmed/33673401
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7996770
https://doi.org/10.3390/foods10030506
https://data.nal.usda.gov/dataset/usda-national-nutrient-database-standard-reference-legacy-release
https://data.nal.usda.gov/dataset/usda-national-nutrient-database-standard-reference-legacy-release
http://www.ncbi.nlm.nih.gov/pubmed/27453695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4957693
https://doi.org/10.1111/1541-4337.12135
https://doi.org/10.1081/fri-120018883
http://www.ncbi.nlm.nih.gov/pubmed/33396479
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7823459
https://doi.org/10.3390/plants10010072
http://www.ncbi.nlm.nih.gov/pubmed/18565144
https://doi.org/10.1111/j.1469-8137.2008.02531.x
https://doi.org/10.1016/j.tifs.2022.04.007
https://doi.org/10.1177/2455265820150404


Keshani P et al.

Ta
b

le
2.

Th
e

Pr
ot

ei
n

,F
at

,M
ic

ro
n

u
tr

ie
n

t,
an

d
Fi

b
er

C
on

te
n

ts
,A

n
ti

ox
id

an
tA

ct
iv

it
y,

an
d

G
ly

ce
m

ic
In

d
ex

(G
I)

of
Q

u
in

oa
-W

h
ea

tB
re

ad
in

C
om

p
ar

is
on

to
Q

u
in

oa
-F

re
e

Br
ea

d
a

A
u

th
o

rs
(y

)
Pr

o
te

in
C

o
n

te
n

t
g

/1
0

0
g

Fa
t

C
o

n
te

n
t

g
/1

0
0

g
M

ic
ro

n
u

tr
ie

n
t

C
o

n
te

n
t

m
g

/1
0

0
g

A
n

ti
o

xi
d

an
t

A
ct

iv
it

y
Fi

b
er

C
o

n
te

n
t

g
/1

0
0

g
G

ly
ce

m
ic

In
d

ex
(G

I)
an

d
C

ar
b

o
h

yd
ra

te
C

o
n

te
n

t

C
o

n
cl

u
si

o
n

s
an

d
R

ec
o

m
m

en
d

at
io

n
s

B
er

ti
et

al
.(

20
0

4
)(

20
)

N
D

N
D

N
D

N
D

N
D

18
6

(1
0

0
)

Q
u

in
oa

b
re

ad
h

ad
a

h
ig

h
er

G
Iw

it
h

a
50

-g
ca

rb
oh

yd
ra

te
co

n
te

n
t.

W
o

lt
er

et
al

.(
20

13
)(

21
)

N
D

N
D

N
D

N
D

N
D

95
±

2
(1

0
0

)
Th

er
e

w
as

n
o

si
gn

ifi
ca

n
td

iff
er

en
ce

in
te

rm
s

of
G

Ib
et

w
ee

n
q

u
in

oa
-w

h
ea

tb
re

ad
an

d
w

h
ea

tb
re

ad
.

Ig
le

si
as

-P
u

ig
a

et
al

.
(2

0
15

)(
16

)
25

%
Q

u
in

oa
:1

2.
31

±
0

.0
1

50
%

Q
u

in
oa

:1
2.

24
±

0
.0

2
(1

3.
60

±
0

.0
0

)

25
%

Q
u

in
oa

:1
.0

4
±

0
.0

2
50

%
Q

u
in

oa
:1

.9
0

±
0

.0
3

(0
.8

6
±

0
.0

2)
g/

10
0

g

C
a

co
n

te
n

t:
25

%
Q

u
in

oa
:

40
.5

±
0

.7
50

%
Q

u
in

oa
:

12
8.

2
±

0
.8

(3
5.

0
±

0
.8

)
Fe

co
n

te
n

t:
25

%
Q

u
in

oa
:

2.
5

±
0

.1
50

%
Q

u
in

oa
:

3.
4

±
0

.0
(1

.7
±

0
.1)

Zn
co

n
te

n
t:

25
%

Q
u

in
oa

:
2.

7
±

0
.1

50
%

Q
u

in
oa

:
4.

8
±

0
.2

(2
.3

±
0

.8
)

N
D

25
%

Q
u

in
oa

:6
.3

±
0

.1
50

%
Q

u
in

oa
:7

.2
±

0
.2

(5
.5

±
0

.2
)

N
D

Pr
ot

ei
n

,l
ip

id
,t

ot
al

fi
b

er
,a

n
d

Fe
co

n
te

n
ts

w
er

e
si

gn
ifi

ca
n

tl
y

d
iff

er
en

tb
et

w
ee

n
25

%
an

d
50

%
q

u
in

oa
b

re
ad

an
d

th
e

co
n

tr
ol

b
re

ad
.

Th
e

C
a

an
d

Zn
co

n
te

n
ts

w
er

e
n

ot
si

gn
ifi

ca
n

tl
y

d
iff

er
en

tb
et

w
ee

n
th

e
co

n
tr

ol
an

d
25

%
q

u
in

oa
b

re
ad

,w
h

il
e

a
si

gn
ifi

ca
n

td
iff

er
en

ce
w

as
fo

u
n

d
b

et
w

ee
n

50
%

q
u

in
oa

b
re

ad
an

d
th

e
co

n
tr

ol
.

La
p

ar
ra

an
d

H
ar

o
s

(2
0

16
)(

18
)

N
D

N
D

Fe
co

n
te

n
t(
µ

m
ol

/g
):

0
.6

1±
0

.0
1(

0
.6

7
±

0
.0

3)
N

D
N

D
N

D
N

o
si

gn
ifi

ca
n

t
d

iff
er

en
ce

w
as

fo
u

n
d

re
ga

rd
in

g
th

e
ir

on
co

n
te

n
t.

La
p

ar
ra

an
d

H
ar

o
s

(2
0

18
)(

19
)

N
D

N
D

N
D

N
D

N
D

97
.3

±
2.

6
(W

h
ol

e
w

h
ea

t
fl

ou
r:

88
.9

±
4.

0
)(

W
h

it
e

w
h

ea
tb

re
ad

:9
7.

2
±

4.
1(

Th
e

G
Iw

as
si

gn
ifi

ca
n

tl
y

h
ig

h
er

in
q

u
in

oa
-w

h
ea

t
b

re
ad

co
m

p
ar

ed
to

w
h

ol
e

w
h

ea
tb

re
ad

,b
u

t
th

er
e

w
as

n
o

si
gn

ifi
ca

n
t

d
iff

er
en

ce
b

et
w

ee
n

th
e

q
u

in
oa

-w
h

ea
tb

re
ad

an
d

w
h

it
e

w
h

ea
tb

re
ad

.

Li
et

al
.(

20
18

)(
15

)
14

.0
4

(1
2.

63
)

2.
73

(1
.6

6)
N

D
TP

C
:1

.11
m

g
G

A
E/

g
(0

.7
7)

6.
52

(3
.6

0
)

C
ar

b
oh

yd
ra

te
co

n
te

n
t:

72
.6

4
(7

7.
0

5)
Si

gn
ifi

ca
n

tl
y

lo
w

er
p

os
tp

ra
n

d
ia

lb
lo

od
gl

u
co

se
at

10
5,

12
0

,a
n

d
13

5
m

in
u

te
s

af
te

r
q

u
in

oa
co

n
su

m
p

ti
on

Th
e

p
ro

te
in

,l
ip

id
,t

ot
al

fi
b

er
,a

n
d

to
ta

lp
h

en
ol

ic
co

n
te

n
ts

in
cr

ea
se

d
b

y
ad

d
in

g
q

u
in

oa
,w

h
il

e
th

e
p

os
tp

ra
n

d
ia

l
gl

u
co

se
le

ve
ld

ec
re

as
ed

.

Shiraz E-Med J. 2023; 24(5):e134391. 9



Keshani P et al.

N
as

eh
ie

t
al

.(
20

18
)

(2
4)

N
D

N
D

Fe
co

n
te

n
t:

4.
62

±
0

.0
3

(4
.2

4
±

0
.0

3)
Zn

co
n

te
n

t:
9.

50
±

0
.0

4
(2

.4
2

±
0

.0
2)

C
a

co
n

te
n

t:
44

.2
2

±
0

.0
5

(3
4.

36
±

0
.0

4)
C

u
co

n
te

n
t:

12
.6

1±
0

.0
5

(2
.2

4
±

0
.0

6)
M

n
co

n
te

n
t:

7.
80

±
0

.0
(3

.3
6

±
0

.3
)

N
D

N
o

si
gn

ifi
ca

n
t

d
iff

er
en

ce
(P

>
:0

.0
5)

N
D

Th
e

m
ic

ro
n

u
tr

ie
n

t
co

n
te

n
tw

as
h

ig
h

er
in

q
u

in
oa

b
re

ad
co

m
p

ar
ed

to
w

h
ea

t
b

re
ad

.

X
u

et
al

.(
20

19
)(

22
)

N
D

N
D

N
D

TP
C

(m
g

G
A

E/
g)

15
%

Q
u

in
oa

:1
.0

1(
0

.6
3)

N
D

5%
Q

u
in

oa
:8

8.
99

±
0

.8
3

10
%

Q
u

in
oa

:8
3.

84
±

1.1
9

15
%

Q
u

in
oa

:7
9.

0
5

±
0

.3
1

(9
4.

40
)

Th
e

eG
Id

ec
re

as
ed

,
w

h
il

e
th

e
an

ti
ox

id
an

t
ac

ti
vi

ty
si

gn
ifi

ca
n

tl
y

in
cr

ea
se

d
b

y
in

cr
ea

si
n

g
th

e
q

u
in

oa
p

er
ce

n
ta

ge
of

b
re

ad
(P

<
0

.0
5)

.

B
al

le
st

er
-S

án
ch

ez
et

al
.(

20
19

)(
17

)
N

D
N

D
N

D
A

si
gn

ifi
ca

n
tl

y
h

ig
h

er
p

h
en

ol
ic

co
n

te
n

to
f

b
la

ck
q

u
in

oa
(1

.3
fo

ld
s)

(P
<

0
.0

1)
To

ta
l

an
ti

ox
id

an
ta

ct
iv

it
y:

W
h

it
e

q
u

in
oa

:2
0

.7
0

±
0

.2
6

R
ed

q
u

in
oa

:2
4.

12
±

2.
99

Bl
ac

k
q

u
in

oa
:2

3.
43

±
0

.12
(1

8.
93

±
0

.2
4)

N
D

N
D

Th
e

p
h

en
ol

ic
co

n
te

n
to

f
b

la
ck

q
u

in
oa

an
d

th
e

an
ti

ox
id

an
ta

ct
iv

it
y

of
re

d
an

d
b

la
ck

q
u

in
oa

w
er

e
si

gn
ifi

ca
n

tl
y

h
ig

h
er

th
an

w
h

ea
t

b
re

ad
.

K
u

re
k

an
d

So
k

o
lo

va
(2

0
20

)(
25

)
14

.1
(9

.1)
6.

1(
1.9

)
N

D
N

D
7.

1(
2.

9)
C

ar
b

oh
yd

ra
te

co
n

te
n

t:
64

.2
(6

8.
2)

Th
e

p
ro

te
in

,l
ip

id
,a

n
d

fi
b

er
co

n
te

n
ts

w
er

e
h

ig
h

er
in

op
ti

m
iz

ed
q

u
in

oa
b

re
ad

co
m

p
ar

ed
to

w
h

ea
t

b
re

ad
.

El
-S

ai
d

et
al

.(
20

21
)(

23
)

15
.0

5
±

0
.0

1(
12

.9
2

±
0

.0
1)

2.
42

±
0

.0
3

(1
.4

1±
0

.0
0

)
Fe

co
n

te
n

t:
1.7

1(
1.0

7)
Zn

co
n

te
n

t:
1.0

2
(0

.7
4)

C
a:

8.
82

(7
.4

1)

N
D

1.8
0

±
0

.0
2

(0
.7

1±
0

.0
1)

78
.7

2
±

0
.0

3
(8

3.
38

±
0

.0
1)

Th
e

p
ro

te
in

co
n

te
n

t,
fa

t
co

n
te

n
t,

fi
b

er
co

n
te

n
t,

an
d

al
lm

in
er

al
s

w
er

e
si

gn
ifi

ca
n

tl
y

h
ig

h
er

in
q

u
in

oa
-w

h
ea

tb
re

ad
,

w
h

il
e

th
e

ca
rb

oh
yd

ra
te

co
n

te
n

tw
as

si
gn

ifi
ca

n
tl

y
lo

w
er

.

A
b

b
re

vi
at

io
n

s:
Zn

,
zi

n
c;

C
a,

ca
lc

iu
m

;
Fe

,
ir

on
;

C
u

,
co

p
p

er
;

M
n

,
m

ag
n

es
iu

m
;

eG
I,

es
ti

m
at

ed
gl

yc
em

ic
in

d
ex

;m
g

G
A

E,
m

g
of

ga
ll

ic
ac

id
eq

u
iv

al
en

ts
,N

D
,N

ot
d

et
er

m
in

ed
;T

PC
,t

ot
al

p
h

en
ol

ic
co

n
te

n
t.

a
Q

u
in

oa
-w

h
ea

tb
re

ad
(c

on
tr

ol
b

re
ad

)

10 Shiraz E-Med J. 2023; 24(5):e134391.


	Abstract
	1. Context
	2. Evidence Acquisition
	2.1. Search Strategy 
	2.2. Article Screening and Data Extraction

	3. Results
	3.1. Literature Search and Study Selection
	Figure 1

	3.2. Characteristics of Included Studies
	Table 1

	3.3. Nutritional and Biochemical Properties

	4. Discussion
	4.1. Nutritional Value
	4.2. Economic and Contextual Considerations 
	4.3. Limitations and Recommendations
	4.4. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Funding/Support: 

	References
	Table 2


