
Introductıon 
The rapidly increasing global population and climate change pre-
sent significant challenges in the field of agriculture. In order to cope 
with these challenges, agricultural scientists and researchers have in-
tensified their efforts to develop and disseminate resilient, producti-
ve, and nutritious new crops. Plants resilient to extreme conditions 
are typically able to adapt to harsh environmental conditions such as 
drought, high salinity, extreme temperatures, or cold. The cultivation 
and utilization of these plants are widely practiced in many countries 
for purposes such as food, feed, timber, fiber, chemical production, 
and environmental regulation. However, these types of plants ge-
nerally have deficiencies in terms of nutritional value. For example, 
plants resilient to stress conditions may often be inadequate in terms 
of nutritional elements or may have low digestibility. This situation 
may make it difficult for these plants to be directly consumed by hu-
mans. In recent years, the quinoa plant (Chenopodium quinoa Wil-
ld.), which has gained attention for its resilience to stress conditions, 
has emerged prominently due to its importance in human nutrition 
and high nutritional value (1). Quinoa is one of the oldest crops in 
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the Americas and has been cultivated for thousands of years in the 
foothills and surrounding areas of the Andes Mountains. Archae-
ological findings in northern Chile indicate that the consumption 
of quinoa dates back at least 3000 years. These findings suggest that 
quinoa was recognized as a significant food source in the region du-
ring that period. Additionally, research conducted in the Ayacucho 
region of Peru has revealed that quinoa cultivation dates back to at 
least 5000 years ago (2). Quinoa, indigenous civilizations such as the 
Incas and other Andean cultures in the Andes Mountains region of 
South America, has been a significant source of sustenance. The In-
cas, in particular, esteemed the quinoa plant as a valuable food subs-
tance, bestowing upon it the name “chisaya mama,” meaning “mo-
ther grain.” Consequently, quinoa is often referred to as the “Inca 
grain” in many sources (3). For the Incas, quinoa held not only the 
status of a primary food source but also carried cultural and religi-
ous significance. The Incas revered the quinoa plant as sacred and 
incorporated it into various religious rituals. Furthermore, during 
the expansion of the Inca Empire, quinoa played a significant role in 
enhancing the endurance of soldiers and other individuals (4). In the 
past two decades, the cultivation of quinoa has become widespre-
ad, particularly across many countries worldwide, with a significant 
presence in South American nations, notably Peru, Colombia, and 
Chile. These countries lead in quinoa production. However, quinoa 
cultivation is practiced in over 50 countries globally, including the 
United States, China, Canada, and India. (1). The increasing popu-
larity of quinoa can be attributed to factors such as changes in health 
and nutrition trends, the widespread adoption of vegetarian and ve-
gan diets, and the rising prevalence of gluten sensitivity among in-
dividuals. Quinoa is considered a suitable alternative for these diets 
due to its lack of gluten and its high nutritional value.
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Two key factors have played crucial roles in quinoa’s global 
popularity. Firstly, quinoa was recognized by the Food and Agri-
culture Organization of the United Nations (FAO) as one of the 
foods that support sustainable nutrition in the 21st century. In 
2013, the FAO declared it the “International Year of Quinoa” to 
promote its cultivation and research, contributing to increased 
awareness and utilization of this healthy, nutritious, and envi-
ronmentally friendly plant worldwide (5, 6). The second factor 
lies in NASA’s efforts during space missions to ensure astronauts 
maintain a healthy and balanced nutrition program. This initi-
ative led to the inclusion of quinoa in astronauts’ diets and the 
initiation of studies aimed at cultivating it in space (7, 8).

Herbal properties

Kingdom: Plantae  

Subkingdom: Tracheobionta  

Superdivision: Spermatophyta  

Division: Magnoliophyta  

Class: Magnoliopsida  

Subclass: Caryophyllidae 

Order: Caryophyllales 

Family: Amaranthaceae  

Subfamily: Chenopodiaceae Vent.  

Genus: Chenopodium L.  

Species: Chenopodium quinoa Willd. (9) 
  

Figure 1: Quinoa (Chenopodium quinoa Willd.) (10) 
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Quinoa (Chenopodium quinoa) is an annual, seed-propagated 
therophyte species belonging to the Amaranthaceae family. The 
plant’s root system is well-developed, with a branched taproot 
that can penetrate to depths of 0.5 to 2.8 meters, providing it 
with drought resistance. Growing upright, the quinoa plant typ-
ically reaches heights between 50 and 350 cm. Its stem is some-
what angular and becomes sponge-like with maturity, aiding 
in the storage of water and nutrients. The leaves are broad, flat, 
and dark green, with slightly serrated margins, arranged spirally 
along the stem (1). Quinoa produces small and dense clusters 
of flowers, which are found at the top of the plant and on lat-
eral branches, typically appearing greenish or reddish in color. 
The plant is predominantly self-pollinating, with a cross-pollina-

 

Figure 2: Which exhibits varying fruit colors Chenopodium quinoa (13) 
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Czech Republic: Merlík Čilský; Hungary: Libatop, Mirhafű; 

Figure 2. Which exhibits varying fruit colors Chenopodium quinoa (13)
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tion rate of approximately 10-15% (11). Quinoa seeds are small, 
round, and can come in various colors such as white, red, or 
black. They typically have a diameter of about 1-2 mm, and the 
seed size holds significant importance for the market value of 
the crop. The 1000-seed weight varies between 1.99 g and 5.08 g 
depending on the variety (12).

Known by other names
Quinoa has gained popularity worldwide due to its nutritional 
value and health benefits, leading to its recognition by various 
names in different countries. However, the term “quinoa” is ge-
nerally the most commonly used term globally.

Table 1. The various names of quinoa used in different countries are as follows 
(14).

Argentina: Dawe, Sawe; Flemish: Gierstmelde, Quinoa;

Bolivia: Supha, Kiuna, Chisaya Mama; Estonia: Tšiili Hanemalts;

Brazil: Quinoa; Equatorial: Ayara, Kuchikinwa, Achita, 

Bulgaria: Nemerizliva Laikuchka Finland: Kinua, Kvinoa;

Chile: Dawe, Quinhua; France: Quinoa, Petit Riz, Riz Du Pérou;

Colombiya: Suba, Pasca; Germany: Quinoa, Reismelde;

Czech Republic: Merlík Čilský; Hungary: Libatop, Mirhafű;

Denmark: Kvinoa, Quinoa, Rismælde; Iceland: Frumbyggjanjóli, Inkanjóli;

Italy: Farinello; Poland: Komosa Ryżowa; 

Latvia: Kvinoja; Portugal: Arroz-Miúdo-Do-Perú,

Norway: Perumelde, Quinoa; Spain: Arroz Del Peru, Qunigua;

Peru: Ayara, Kuchikinwa, Achita; Sweden: Mjölmålla, Quinoa;
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Cultivation
Quinoa is a plant that exhibits an adaptation ability to high alti-
tudes without requiring high temperatures, particularly prefer-
ring cool climatic conditions during its vegetative growth stage. 
It can be cultivated in regions up to 4000 meters above sea level, 
where maize cultivation may not be feasible. Additionally, it can 
be successfully grown in marginal agricultural areas characteri-
zed by arid conditions and low productivity (15). While quinoa 
plants can tolerate light frost events (down to -1°C), their sensi-
tivity to cold increases during the flowering period, negatively 
impacting their development (16). The growth period of quinoa 
varies between 90 to 220 days depending on the variety. It is a 
versatile plant that can adapt to various soil conditions, thriving 
in well-drained, light, medium, and heavy soils. However, it de-
monstrates optimal growth in loamy-sandy soils. Resilient to 
steppe climates and drought, quinoa shows enhanced root deve-
lopment under such conditions. (15).

Quinoa can be integrated into crop rotation systems with 
plants such as barley, potatoes, and peas. Particularly, its culti-
vation after potatoes is recommended for crop rotation purposes 
(15).

Quinoa is a suitable crop for mechanized agriculture and can 
be easily sown with a seeder and harvested with a combine har-
vester. The optimal sowing period is when the soil temperature 
reaches 7-10°C. Seeds should be planted at a depth of 1.5-2 cm, 
with row spacing of 50 cm and 3-4 cm between seeds within 
rows. An average of 500-600 grams of seeds is used per hectare. 
If there is sufficient moisture in the soil after sowing, seeds ger-
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minate within 24 hours and seedlings emerge within 3-5 days. 
However, if soil moisture is insufficient, irrigation should be ap-
plied immediately after sowing (17). Quinoa can be easily culti-
vated in semi-arid regions under existing rainfall conditions (18, 
19), and minor droughts do not significantly affect yield (20). It 
has even been reported to grow in sandy soils receiving less than 
200 mm of annual rainfall (16). However, in regions with limited 
rainfall, especially during sensitive developmental stages when 
drought stress is prevalent, irrigation should be provided if pos-
sible. Even a small amount of irrigation during these periods can 
significantly increase yield (19, 21).

Quinoa possesses a rapid growth capacity and can achieve 
high biomass production per unit area. Therefore, fertilizer ap-
plications are of great importance to sustainably achieve high 
yields from quinoa plants. The effectiveness of fertilizer appli-
cations depends on the results of soil analyses, ensuring that the 
appropriate type and quantity of fertilizer are applied at the right 
time (1).

During the seedling stage, quinoa exhibits slow growth and 
lacks the ability to provide sufficient shading on the soil surface, 
resulting in low competitiveness against weeds. Therefore, weed 
control is crucial during this period. Particularly, common weeds 
encountered in quinoa fields include redroot pigweed (Amaran-
thus retroflexus), kochia (Kochia), wild mustard (Sinapis arven-
sis), and lamb’s quarters (Chenopodium album) (1).

Quinoa reaches harvest maturity approximately between 110-
130 days depending on the variety. When it reaches harvest ma-
turity, the plants begin to dry out, their colors fade to pale yellow 
or red, and they shed their leaves. At this stage, harvesting can 
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be done using combine harvesters or traditional methods. Af-
ter harvesting, mature seeds are at risk of germination within 24 
hours if exposed to moisture. Therefore, it is crucial to dry the 
seeds thoroughly and store them under appropriate conditions 
after harvest. Seed yield varies depending on quinoa varieties 
and applied agricultural practices. Generally, seed yield ranges 
between 100-350 kg/ha. To achieve high yields, careful manage-
ment of factors such as proper sowing time, suitable irrigation 
and fertilization strategies, disease and pest control is necessary. 
Additionally, proper planning of crop rotation systems and rota-
tion practices plays a significant role in maintaining soil nutrient 
balance and increasing productivity (22).

Importance and usage areas 

Quinoa is considered by some experts as one of the plants with 
the potential to address world hunger. Its high nutritional va-
lue and adaptability to challenging environmental conditions 
make it stand out. The use and trade of its seeds, similar to 
grains and legumes, in human nutrition are increasingly wi-
despread. This product, which is gaining recognition in many 
countries around the world, has been consumed extensively 
in the United States and European countries for many years. 
Factors such as global climate change and drought leading to 
a decrease in rice production and increased costs have incre-
ased the focus on alternative products like quinoa. This plant, 
which has been used in human nutrition for centuries in the 
Americas, is attracting attention in Europe as a future food and 
feed crop (23,24).
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Quinoa is a complete protein source, containing all nine essential 
amino acids. Additionally, it is rich in fiber, iron, magnesium, phos-
phorus, potassium, calcium, vitamin E, and various antioxidants. 
Being gluten-free makes it an important source of nutrition for in-
dividuals with celiac disease and gluten intolerance. It also serves as 
an excellent plant-based protein source for those following vegan 
and vegetarian diets. Quinoa seeds are a versatile food that can be 
processed and used in various ways. They can be cooked similar to 
rice for soup making and utilized to add volume to breakfast cereals. 
When ground into flour, they are used in the production of bread, 
pasta, noodles, tortillas, cookies, biscuits, and pancakes. Ferment-
ing the seeds can produce a traditional South American beverage 
called “chicha” or beer, preferred in ceremonies. Quinoa seeds can be 
popped like popcorn and consumed as a snack or added to various 
foods in this form. Additionally, quinoa leaves can be cooked similar 
to spinach, and quinoa sprouts can be added to salads (25, 26, 27, 28).

Quinoa is a complete protein source, containing all nine essential amino acids. 

Additionally, it is rich in fiber, iron, magnesium, phosphorus, potassium, calcium, vitamin E, 

and various antioxidants. Being gluten-free makes it an important source of nutrition for 

individuals with celiac disease and gluten intolerance. It also serves as an excellent plant-

based protein source for those following vegan and vegetarian diets. Quinoa seeds are a 

versatile food that can be processed and used in various ways. They can be cooked similar to 

rice for soup making and utilized to add volume to breakfast cereals. When ground into flour, 

they are used in the production of bread, pasta, noodles, tortillas, cookies, biscuits, and 

pancakes. Fermenting the seeds can produce a traditional South American beverage called 

"chicha" or beer, preferred in ceremonies. Quinoa seeds can be popped like popcorn and 

consumed as a snack or added to various foods in this form. Additionally, quinoa leaves can 

be cooked similar to spinach, and quinoa sprouts can be added to salads (25, 26, 27, 28). 
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ingredient for animals. In animal nutrition, quinoa can be used as dry forage, green fodder 
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Quinoa is primarily cultivated for human consumption, but in 
some cases, it can also be used as animal feed. Quinoa is known 
for its high protein content, making it a valuable feed ingredient 
for animals. In animal nutrition, quinoa can be used as dry for-
age, green fodder (30, 31) and silage. Especially appreciated by 
cattle, quinoa can face challenges when used as roughage due 
to its generally low palatability and potential for stem harden-
ing upon drying. To address these issues, the practice of ensiling 
quinoa has become more common. While it may not reach the 
same quality as corn silage, quinoa is cultivated easily in many 
countries and is utilized as silage forage. In England, it is often 
ensiled with fodder cabbage. A high dry matter content is essen-
tial for proper fermentation. Approximately 3-3.5 months after 
planting, quinoa achieves adequate dry matter levels, producing 
silage material with high crude protein content (32).

Kinoa seeds are considered a highly valuable feed ingredient 
as an alternative to cereal grains due to their essential amino acid 
content, fat profile, as well as vitamin and mineral composition 
(33). Kinoa seeds are excellent feed for birds, poultry, fish, and 
rabbits. Additionally, a certain amount of quinoa seeds can be 
added to sheep and cattle feed to increase the protein content. 
Furthermore, some varieties of quinoa are rich in saponins in 
their seed husks. The saponin substance found in the plant and 
seed husks is used in the production of soap, detergent, shampoo, 
fire extinguishers, medicine, and cosmetic products. Among in-
digenous communities in South America, it is used as a laun-
dry detergent and as an antiseptic to aid in the healing of skin 
injuries. Additionally, due to its richness in cellulose, it can be 
used in the production of paper and cardboard. As previously 
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mentioned, there are 66 different color tones available in quinoa 
seeds. The color substance in the seed husks, ranging from white 
to black, is used in organic dye production for fabric coloring 
purposes (1).

Nutritional values

Quinoa grains and products are considered an important sour-
ce of nutrients for individuals with gluten intolerance or celiac 
disease due to their lack of gluten. With these characteristics, 
quinoa sets itself apart from traditional grains and is classified 
as a pseudo-cereal. The term pseudo-cereal is used to describe 
plants that are not true grains botanically but are used similarly 
to grains. Because it does not contain gluten, it serves as a safe 
alternative for individuals with gluten sensitivity or celiac dise-
ase. It is beneficial not only for those with gluten sensitivity but 
also for anyone seeking to maintain a healthy diet. With high 
nutritional values, low glycemic indexes, and rich vitamin-mi-
neral contents, quinoa can be a part of a balanced and nutriti-
ous diet (34, 35).

Quinoa, a highly valuable food from a nutritional standpoint, 
exhibits superior qualities in terms of protein content and quality 
compared to commonly used grains. Comparative analyses con-
ducted by the Food and Agriculture Organization of the Unit-
ed Nations (FAO) have shown that quinoa’s protein content and 
bioavailability are higher than those of traditional grains (36). 
The chemical composition of quinoa seeds and some commonly 
used grains (g/100g, on a dry matter basis) is compared in Table 
2. (37).
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Table 2. Chemical composition of quinoa seeds and some grains (g/100 g, Dry 
Matter) (37)

Protein Fat Fiber Ash (Minerals) Carbohydrates

Quinoa 16.5 6.3 3.8 3.8 69.0

Barley 10.8 1.9 4.4 2.2 80.7

Corn 10.2 4.7 2.3 11.7 81.1

Oats 11.6 5.2 10.4 2.9 69.8

Rice 7.6 2.2 6.4 3.4 80.4

Rye 13.4 1.8 2.6 2.1 80.1

Wheat 14.3 2.3 2.8 2.2 78.4

Quinoa seeds are considered highly valuable in terms of nutri-
tional content. On average, quinoa seeds contain 16.5% protein, 
6.3% fat, 69% carbohydrates, 3.8% fiber, and 3.8% ash (Table 2). 
One of the most significant advantages of quinoa in terms of nu-
tritional value is its high protein content. It is well known that 
quinoa’s protein content is higher than that of common grains 
such as wheat, rice, and corn (38). 

The protein content of foods is not only important in terms 
of quantity but also in terms of quality. Protein quality is closely 
related to the amount and distribution of essential amino acids 
in its composition. Essential amino acids are those that cannot 
be synthesized by the body and must be obtained from exter-
nal sources. Quinoa seeds are categorized as a complete protein 
because they contain all the essential amino acids required by 
the body. This characteristic makes quinoa one of the few plant-
based foods included in this classification (39, 40). Quinoa, due 
to its balanced and sufficient amounts of essential amino acids, 
provides a significant alternative to animal protein sources, es-
pecially for individuals who prefer vegetarian and vegan diets. 
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Moreover, the protein content and quality of quinoa play a crit-
ical role in supplying the amino acids necessary for growth, re-
pair, and overall body functions (35)

When evaluating quinoa seeds in terms of fat content, they 
have a relatively low fat content compared to oilseeds. However, 
quinoa seeds have been observed to possess a higher fat con-
tent compared to common grains. Various scientific studies have 
shown that the fat content of quinoa ranges from 1.8% to 9.5%, 
with an average of around 6.0% (37,38).

The carbohydrate content of quinoa ranges from 67% to 74% 
on a dry matter basis (2, 37). This high carbohydrate content 
makes quinoa a significant source of energy. A large portion of 
quinoa’s carbohydrate content is composed of starch; research 
indicates that starch constitutes between 58.1% and 64.2% of the 
total carbohydrate content (4, 41, 42).

Quinoa is a plant notably rich in mineral content. It is a signif-
icant source of magnesium (Mg), calcium (Ca), phosphorus (P), 
potassium (K), iron (Fe), copper (Cu), manganese (Mn), and 
zinc (Zn). These minerals play various roles in maintaining hu-
man health and are involved in numerous biochemical process-
es. For instance, magnesium is crucial for energy production and 
muscle function, while iron is essential for oxygen transport and 
immune system function. Conversely, quinoa is low in sodium 
(Na). This low sodium content makes quinoa particularly advan-
tageous for individuals who need to limit their sodium intake. 
Due to its rich mineral profile, quinoa contributes to a balanced 
diet and helps meet daily mineral requirements (43, 44).

Quinoa contains various bioactive compounds that contrib-
ute to its nutritional value. Among these bioactive compounds, 
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polyphenols, saponins, flavonoids, and phenolic acids are par-
ticularly noteworthy (45, 46). These components have been sup-
ported by scientific research for their positive effects on health. 
When consumed, these bioactive compounds are suggested to 
contribute to lowering cholesterol levels, protecting against can-
cer, strengthening the immune system, and reducing the risk of 
cardiovascular diseases. The rich profile of these bioactive com-
pounds in quinoa makes it not only a nutritious food but also a 
functional food ingredient. These properties further contribute 
to the widespread use of quinoa in dietetics and health sectors 
(47).

Conclusion
Kinoa, high nutritional value, easy cultivation in problematic 
soils and harsh climates, low water consumption, and fertilizer 
needs have garnered great interest worldwide. Quinoa, which 
has been cultivated and used in South America for thousands of 
years and has gained prominence in recent years, stands out as a 
new cash crop for all countries. Serving as an important protein 
source for both humans and animals, quinoa can be successfully 
grown in various climatic and soil conditions. Quinoa cultiva-
tion not only offers potential solutions to global food security 
and nutrition problems but also provides significant opportuni-
ties for sustainable agricultural practices. Its gluten-free nature, 
high protein content, and richness in essential amino acids have 
made quinoa an indispensable product in health and nutrition 
trends. In conclusion, quinoa emerges as an important agricul-
tural product with the potential to address hunger and nutrition 
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issues globally in the future, given its high nutritional value and 
adaptability to challenging conditions.
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Proteins have a wide range of functions, including muscle development, tis-
sue repair, the execution of metabolic reactions, the activities of the immune 
system, and the transport of substances within the body. Proteins are sourced 
from two main types: animal-based and plant-based. Animal-based foods 
with high protein content include meat, fish, eggs, milk, and dairy products. 
Plant-based protein sources are primarily cereals, legumes, and nuts. Each 
animal product contains all the essential amino acids crucial for human nu-
trition. In contrast, plant sources have these amino acids in varying amounts, 
necessitating a diverse diet of plant products to consume all essential amino 
acids.

Plants, the fundamental elements of the biosystem, rush to aid animals, 
who in turn help meet the food needs of humans, showcasing the principle of 
mutual assistance in the world. Foods needed by both humans and animals 
have been integrated into plants by the Governor of the universe. The increase 
in the consumption of processed ready-made foods in industrial societies and 
the resulting rise in diseases have led people to prefer more natural, unpro-
cessed plant and animal foods.

Recently, the challenge in meeting the protein needs of both animals and 
humans have prompted policymakers and researchers to seek economic and 
sustainable protein sources. Particularly, global climate change and its result-
ing fluctuations in plant production cause variations in the availability of al-
ternative sources. The insufficiency and high cost of animal protein sources, 
encourage people to consume inexpensive plant-based products rich in pro-
tein, such as legumes.

PREFACE



iv

The book, discussing the unique advantages of alternative protein sourc-
es, technological possibilities, and potential future risks in food supply, offers 
alternative solutions and comprises 11 chapters. Therefore, we are pleased to 
present to you valuable readers the original, review, and evaluation studies 
prepared by experts in the field on both plant and animal protein sources.

Hasan KILIÇ
İsmail GÜL

﻿    PREFACE
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