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ABSTRACT 
 

The triple burden of malnutrition is a problem that is being fought against at global, 
continental, regional and national levels. When consumed in adequate quantities, 
healthy diets are important in reversing the menace of malnutrition. In Kenya, 
grains are an important source of energy and micronutrients. Even though they 
contribute most energy and micronutrients, a huge Recommended Daily Allowance 
deficit still exists. Incorporating ancient grains such as quinoa which are nutrient-
rich and can survive in harsh climatic zones into the diets, can boost the efforts 
made towards the fight against malnutrition. Though quinoa adaptation trials have 
been conducted in Kenya, expanded data on the nutrient content are yet to be 
compiled. Between May 2022 and August 2022, four varieties of quinoa; Cherry 
Vanilla, Titicaca, Brilliant Bright Red and Biobio were grown at the University of 
Nairobi, Upper Kabete campus field station. The harvests of the four varieties were 
separately analyzed to determine and compare the content levels of 
macronutrients (carbohydrates, crude protein, fats) and micro-nutrients 
(manganese, magnesium, potassium, calcium, iron, copper and zinc). The four 
varieties were significantly different in all the analyzed elements except moisture 
content. Cherry vanilla had the highest level of crude protein (25.1±0.3g/100g) and 
fat (11.46±0.184g/100g) but the lowest level of carbohydrates (42.5±0.4%). 
Titicaca had the highest amounts of; manganese (21.9±0.06g/100g), potassium 
(511.9±0.03mg/100g), iron (11.5± 0.07mg/100g) and zinc (14.1±0.0mg/100g). 
Biobio variety exhibited the highest amount of magnesium (73.9±0.1mg/100g). In 
conclusion, the different varieties of quinoa significantly differ in their levels of 
macro and micronutrients. The Kenyan-grown quinoa has the potential to 
contribute to increased dietary intake of both macronutrients and micronutrients of 
children aged 2-6 years old. The Kenyan-grown quinoa contains levels of 
micronutrients in higher amounts compared to maize, rice and wheat - the 
commonly consumed cereals in Kenya. On this basis, the study recommends that 
the growing and consumption of quinoa should be promoted in Kenya and 
introduced into the diets of children aged 2-6 years of age in Kenya. Quinoa-based 
products for children aged 2-6 years should be developed. Climate zone-oriented 
agronomic trials on quinoa farming should be conducted.  
 

Key words: Quinoa, varieties, Cherry Vanilla, BBR, Titicaca, Biobio, 
micronutrients, macronutrients  
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INTRODUCTION 
 

Over the past three decades, significant effort has been made to battle the triple 
burden of malnutrition which encompasses undernutrition, overnutrition and 
micronutrient deficiency. According to the Joint Child Malnutrition Estimates of 
2020, globally, 149 million children under the age of five were stunted, 45 million 
were wasted, and 39 million were overweight. Among the under-fives, Africa has a 
stunting prevalence of 29.1% and Kenya stands at 18%. Stunting prevalence in 
some counties in Kenya is higher than 30% (Kilifi 37%, West Pokot 33.5%, and 
Samburu 31%), while the wasting rate might be as low as 1% [1].  
 

According to UNICEF 2019, at least 50% of under-fives worldwide experience 
vitamin and mineral deficiency [2]. Iodine, vitamin A, zinc, and iron deficiency are 
the most significant in public health globally. This is because micronutrient 
inadequacies significantly impede the healthy development of individuals and 
populations at large, particularly among children and pregnant women in 
developing countries [3]. Comparing the results from two micronutrient surveys, 
1999 and 2011, the micronutrient status of the Kenyan population has significantly 
improved. This is with the exception of zinc deficiency, whose prevalence rose in 
all categories as follows: Among the children, the prevalence rate rose to 82% from 
50% in 1999. In adults, a rise of 16.3% in women and 28.8% in men was recorded 
[4]. Though the government has set up various strategies to curb undernutrition 
and micronutrient deficiencies, climate change is a setback to the progress made. 
Low crop production, food insecurity, and inadequate consumption of diets of high 
nutrient quality and diversity due to climate change (among other factors) have 
reduced the impact of the government’s efforts [5].  
 

According to the Kenya Micronutrient Survey in 2011 [4], whole grains are an 
important source of all micronutrients studied in the survey. They are the leading 
source of iron, zinc and dietary energy, whereas milk and dairy products are the 
leading source of calcium. Although they contribute the most, a large deficit in 
achieving Recommended Daily Allowances (RDAs) still exists [4]. Worth noting is 
the fact that although the diets of preschool children are primarily cereal-based, 
maize, rice and wheat, which are the most common cereals, contain low amounts 
of protein, vitamins and minerals [6, 7]. This situation raises the need to utilize 
ancient crops such as quinoa, known to withstand harsh climatic conditions and 
well-endowed with both macro- and micronutrients. 
 

Quinoa is a pseudo-grain whose origin can be traced to the South American Andes 
region (5000BC-3000BC). It is well endowed with a wide variety of nutrients that 
include; protein, lipids, fiber, vitamins (B6, pantothenic acid, biotin, vitamin A and 
folate) and minerals (iron, calcium, zinc, and potassium among others) as well as 
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beneficial Phyto-chemicals (saponins, and phytosterols). Quinoa has a rich 
balance of the essential amino acids [8]. Quinoa exhibits tolerance in extreme 
conditions such as high levels of salinity [9], and a wide range of cultivation 
altitudes, from sea level to 4000m high [10]. In the South American Andes region, 
different quinoa cultivars are adapted to a wide range of climates and ecological 
zones. The potential for successful growing of quinoa in African countries, 
including Kenya is high considering that the climatic conditions are similar; 
temperature range of 17°C-25°C and rainfall as low as 500mm [11].  
 

Quinoa was first grown in Kenya in the late 1930s (1935-1939), to assess its ability 
to adapt to the local environments. The trials were done in different areas: Kitale, 
Kapenguria, Kiambu, and Scott Agricultural Laboratories [12]. Between 1999 and 
2000, a second study was carried out in Kenya as a fragment of an international 
multi-environmental trial. The study aimed to determine how twenty-four (24) 
ascensions of quinoa would adapt to and their yield under Kenyan conditions [13]. In 
2015, FAO successfully conducted adaptation trials of 10 quinoa varieties in four (4) 
Eastern African countries; Ethiopia, Kenya, Uganda and Zambia. In Kenya, the trials 
were done in Embu, Karuangi and Mitunguu/Tunyai. The report detailed the 
agronomical characteristics and amino acid composition of the 10 quinoa genotypes, 
among which were Cherry vanilla, Brilliant Bright Red (BBR), Biobio and Titicaca 
[14]. Additionally, the report stated that the nutrient content varies with soil nutrient 
status, climatic conditions and type of ascensions [14]. Based on the previous 
experiments done on quinoa in Kenya, this study acknowledges the information 
generated and produced on the agronomical characteristics and adaptability of the 
grain in Kenya by The Food and Agriculture Organization (FAO) [14]. To contribute 
to the body of knowledge, this study’s objective is to determine the wide-ranging 
nutritional content (macronutrients, calcium, iron and zinc) of four different 
ascensions (Cherry Vanilla, Biobio, BBR and Titicaca) grown in Kenya in May 2022- 
August 2022, and establish its potential nutrient contribution to the diets of children 
aged 2-6 years in Kenya.  
 

MATERIALS AND METHODS 
 

The field experiments were conducted at the University of Nairobi, Faculty of 
Agriculture, Kabete Field Station in Kenya, from May 2022 to August 2022. Kabete 
is located at latitude 1° 15_S and longitude 36°44_E, and an altitude of 1930m 
above sea level with a temperature range of 13°C-230C and annual rainfall of 
970mm [14]. 
 

A randomized block design was used during planting; the four quinoa varieties; 
Cherry Vanilla, Biobio, BBR and Titicaca were planted each on a different block 2m 
by 12.5m [15]. A sunflower guard row was planted all around the study site to 
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shield the quinoa grain from being eaten by birds. The experimental plot was 
prepared by plowing and cross-plowing two times and followed by laddering until a 
good tilth was obtained. All the weeds and stubbles were collected and removed 
from the land. The land was leveled after breaking the clods into crumbly soil. 
Using a stick, planting rows were lightly drilled.  
 

Before planting, the seeds were mixed with sand, 200g of sand with 200g of seed 
in a ratio of 1:1 [16]. A handful of organic (chicken) manure was broadcasted with 
sowing. The four varieties of quinoa, Cherry Vanilla, Biobio, BBR and Titicaca were 
broadcasted along the planting rows on 21st May 2022 in different blocks by hand, 
with planting spacing of 1m by 12.5m between blocks and 15cm between rows. 
The sunflower guard rows were planted on the same day as the quinoa seeds at a 
spacing of 1m all round. 
 

Since it was the rainy season, supplemental irrigation was done once a week, 
using the sprinkler method for 3 consecutive hours for the first 2 months [14]. The 
crop was harvested after three months and later put in the greenhouse for one and 
a half weeks to facilitate drying. Greenhouse drying was the best option since the 
crop was harvested in the rainy season, in addition to the fact that it is shown to 
improve the quality of the products, compared to sun-dried products and reduce 
the time used in drying [17].  
 

Laboratory Analysis 
A hundred grams of each variety in raw form were randomly weighed and ground 
for laboratory analysis to determine their proximate and mineral composition [18]. 
In proximate composition analysis, seven parameters were assessed, namely: 
moisture, fiber, ash, protein, fat, carbohydrate and energy.  
 

The moisture content was determined using the air oven method. Five (5) grams 
of each quinoa variety were accurately weighed in a dish of known weight and put 
in an air oven maintained at 105°C for four hours (4 hours). The samples were 
cooled in a desiccator, weighed and returned to the oven for drying for another 
thirty (30) minutes, after which, the samples were again cooled and weighed. The 
latter and former steps were repeated thrice when the moisture content was 
agreed within 0.05%. The moisture content of the four varieties was calculated in 
percentage (%) [18].  
 

The fiber content of the four quinoa varieties was determined using acid/base 
digestion. Three grams (3g) of each of the four quinoa varieties were weighed into 
separate graduated 600ml beakers. A small amount (15ml) of boiling distilled water 
and 25ml of 2.04N Sulphuric acid were added into the beaker. Boiling distilled 
water was then added into the beaker to make up a volume of 200ml. This volume 
was maintained while boiling for thirty minutes (30) minutes on a hot plate. The 
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contents of the beaker were filtered using a Buchner funnel that was slightly 
packed with glass wool. The residue was washed three times with boiling distilled 
water and later transferred back to the beaker. Fifteen milliliters (15ml) and 25ml of 
1.78N Potassium hydroxide solution were added into the beaker. The volume was 
topped up to 200ml with boiling distilled water and was maintained while boiling for 
thirty (30) minutes on a hot plate. The contents in the beaker were filtered using 
glass wool. The residue was washed three times with boiling distilled water and 
three times with small amounts of ethanol, after which the residue in the glass wool 
was transferred to a porcelain dish and dried at 105°C in an air oven for two hours. 
The contents were then cooled in a desiccator, weighed to obtain W1, and then with 
the dish ignited to 550°C to constant weight. The contents of the dish were cooled 
in desiccators and weighed to obtain W2. The crude fiber content of the four quinoa 
varieties was calculated in % [18]. 
 

The ash content of the four quinoa varieties was determined using the muffle 
furnace method. Three grams (3g) of the sample were weighed into a porcelain 
crucible. The ashing process started with a low flame (bunsen burner) and then 
continued in a muffle oven at 500°C-600°C until a light gray ash of constant 
weight was obtained. The percentage (%) ash content of the four samples was 
calculated as the weight of the sample before drying/weight of the sample after 
drying x 100 [18]. 
 

The Kjeldahl distillation method was used to determine the crude protein content of 
the four quinoa varieties under study. Half a gram (0.5g) of each of the four quinoa 
varieties was weighed in a nitrogen-free filter paper which was carefully folded and 
placed in a kjeldahl flask. One (1) Kjeldahl catalyst tablet and 10ml of concentrated 
Sulphuric acid were added into the flask. The mixture was heated in a block 
digestor inside a fume cupboard until a clear solution was obtained. The solution 
was left to cool to room temperature, after which the digesting tube was three-
quarters (¾) filled with distilled water. Then 3 drops of methyl red and some 
amount of 40% NaOH were added into the digesting tube and the tube was fixed in 
the distillation unit. The solution was distilled and the nitrogen trapped in 25ml of 
0.1N HCl contained in a 300ml flask. The distillate was back titrated with 0.1N 
NaOH solution till the solution changed colour. The crude protein was calculated 
using a conversion factor of 6.25. 
 

The fat content of the four quinoa varieties was determined using the Soxhlet 
Extraction method. Four grams (4g) of each of the four varieties was weighed (W1) 
into an extraction thimble. The sample was covered with cotton wool and the 
thimble was placed into a Soxhlet extractor. A tarred flat-bottomed flask with 200ml 
of petroleum Ether was then placed on a heating mantle and connected to the 
Soxhlet extractor. The extraction continued for eight (8) hours, after which the 
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solvent was evaporated in a rotary evaporator. The residue was dried in an air 
oven at 105°C for one (1) hour, cooled in a desiccator and weighed (W2). The 
crude fat content of the four quinoa varieties was calculated as follows: W1-W2/W1 
X100 [18] 
 

The percentage proportion of carbohydrates in the four quinoa varieties was 
obtained by difference method, 100 – (% protein+ % total fat+% total ash + % 
water). The total energy value was obtained via calculation using the Atwater 
factors by multiplying the total grams of fat by nine, total grams of carbohydrates 
by four and total grams of protein by four and summing up the outputs [18]. 
 

To determine the mineral composition of the four different quinoa varieties, the 
matrix of the sample was changed from solid to liquid using a combination of the 
dry ash method and acid digestion. Two grams (2g) of each of the four varieties 
was weighed into a porcelain dish and heated at 5500c for four (4) hours in a muffle 
furnace. The ash obtained was digested using 20% HCl. The contents were filtered 
into a 50ml volumetric flask and topped up to the mark using distilled deionized 
water. The target minerals (calcium, iron, and zinc), were analyzed using atomic 
absorption spectrophotometer (Buck Scientific Model 210 VGP).  
 

Data analysis  
All determinations were done in duplicates and the results were expressed as 
mean ± standard deviation. The data were analyzed using SPSS 20 software. To 
test the significant difference in nutrient content level among the four Kenyan-
grown quinoa varieties, ANOVA was applied at a 5% level of significance. 
 

RESULTS AND DISCUSSION 
 

Macronutrients  
The mean energy level of the four quinoa varieties grown in Kenya per 100g was 
350.1±16.4 kcal, with Cherry Vanilla having the highest energy level at 373.5±0.1 
kcal and Titicaca the lowest at 331.6±0.1kcal. There was a significant difference 
among the four varieties (p=0.000). The moisture content of the four varieties 
ranged from 10.3% to 10.7%, with a mean of 10.4±0.2%. Titicaca had the lowest 
percentage (10.3±0.0%) whereas BBR had the highest percentage (10.7± 0.2%). 
There was no significant difference in moisture content in the four varieties (p 
=0.195). This could be attributed to the fact that all four ascensions were dried 
using the same method and for an equal duration. 
 

The mean ash content of the four quinoa varieties was 3.74±1g/100g with Titicaca 
having the highest ash content (5.2±0.3g/100g) and BBR had the least ash content 
at 2.5±0.1g/100g. The other two varieties, Cherry vanilla (3.7±0.2g/100g) and 
Biobio (3.6±0.1g/100g) had relatively close ash content levels. There was a 
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significant difference (p =0.000) in ash content among the four varieties of quinoa 
(Table 1).  
 

The percentage of fiber in the four varieties ranged from 6.1 to 6.9g/100g with a 
mean fiber content of 6.7±0.4g/100g. BBR variety had the highest level of fiber 
content (6.9±0.9g/100g) whereas Biobio had the least (6.05±0.1g/100g) and a 
significant difference existed among the four varieties, (p=0.000) (Table 1). 
 

The four varieties of quinoa exhibited significantly different amounts (p=0.000) of 
protein per 100g with a mean crude protein of 18.2±6.2g/100g. Cherry vanilla had 
the highest level of crude protein (25.1g/100g), followed by BBR (21.1±0.1g/100g) 
while Titicaca had the lowest amount of protein (9.3g/100g). Besides Cherry 
Vanilla, whose protein levels were higher, the other varieties’ protein levels are 
within range of the protein values in quinoa as reported by Jancurova et al. [19] of 
8-22% while Biobio, BBR and Titicaca had protein levels higher than the protein 
values in new quinoa ascensions grown in Egypt of 13.1-16.7% reported by 
Barakat and 14-15.5% in four ascensions from the Agronomical experimentation 
Center of Altiplano University Peru reported by Repo-Carrasco-Valencia & Serna 
[19, 20, 21]. The protein content of quinoa is reported to be higher than other 
cereals such as barley (11%), rice (7.5%) and corn (13.4%) and is similar to protein 
content in wheat (15.4%) [22]. In Kenya, the most commonly consumed cereals 
contain a protein content of 7-12g/100g [23]. According to the Kenya Food 
Composition Tables, maize, rice and wheat have lower protein content levels than 
quinoa (Table 1). In comparison to the protein content of quinoa grown in Kenya, 
quinoa is a more promising pseudo cereal with a higher protein content and 
especially the Cherry vanilla variety. If consumed in considerable amounts, it has 
the potential to adequately contribute to the protein needs of children aged 2-6 
years who need it for the growth and development of their body. 
 

The mean fat content of the four quinoa varieties is 6.7±3.1g/100g with Cherry 
Vanilla and Titicaca having the highest and lowest fat content levels of 
11.5±0.2g/100g and 4.7±0.1g/100g, respectively. There was a statistically 
significant difference among the four varieties (p=0.000) (Table 1). Apart from 
Cherry Vanilla, whose fat content was higher by about 2%, the fat level of the other 
varieties lies within the range of fat levels in different cultivars of quinoa grown in 
different regions in the world of 4% - 9.5% as reported by Angeli et al. [24]. Quinoa 
is reported to have a higher fat content than other cereals such as maize but lower 
than soya bean [24]. Quinoa oil is also reported to contain high levels of essential 
fatty acids and more than three-quarters of the total fatty acids are polyunsaturated 
fatty acids [25]. Dietary unsaturated fatty acids are associated with numerous 
health benefits such as improved insulin sensitivity, reduced risks from suffering 
from diabetes, cancer and cardiovascular diseases [26]. Fat in the body acts as a 
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source of energy as well as helps in the absorption of fat-soluble vitamins; vitamins 
A, D, E and K when consumed in the same meal. The fat content level of the 
cereals commonly consumed by children aged 2- 6 years is lower than that of 
Kenyan-grown quinoa. Cherry vanilla and BBR contain close to 2.5 and 1.5 times 
the fat level in maize, respectively (Table 1). If adopted into the Kenyan children’s 
diets quinoa is a great source of oils.  
 

The mean carbohydrate level of the four varieties is 54.2±8.5g/100g, with values 
ranging from the lowest in Cherry vanilla at 42.5g/100g and highest in Titicaca at 
64.1 g/100g. The carbohydrate levels of the four varieties were significantly 
different (p=0.000) (Table 1). The carbohydrate (CHO) content of three of the 
varieties, except for Cherry vanilla, fell within the ranges of 52% - 69% dm [25], 
and 49% and 68% [24] of different quinoa varieties grown in different regions in 
the world as reported in the reviews. When compared to the CHO ranges of 
64% - 74% dm reported by Abugoch, the CHO values of three varieties, except 
for Titicaca are lower [27]. Quinoa also contains dietary fiber, a type of 
carbohydrate. This makes quinoa a great whole grain for children aged 2-6 
years since it will release energy slowly, over a longer time and cause satiety 
over a longer period [23]. 
 

Micronutrients 
Cereals originating from the Andean region, including quinoa, are well endowed 
with iron, manganese, zinc and copper compared to rice. In particular, the content 
of phosphorus and magnesium can meet up to 55% of a consumer’s Dietary 
Recommended Intake [28]. 
 

The level of manganese in the four quinoa varieties ranges between 8.56mg/100g 
and 22.0 mg/100g with a mean content of 15.1±6.6mg/100g. Titicaca and BBR 
contain the highest and lowest amounts of manganese, respectively. There was a 
significant difference, (p=0.000) in manganese content among the four quinoa 
varieties (Table 2). In this study, the values of manganese were much higher than 
those reported in the USDA database of 2.02mg/100g [29]. In the human body 
including that of children 2-6 years, manganese plays an important role in 
intracellular activities, as it functions as a co-factor for certain enzymes. It plays 
crucial roles in body processes and systems such as digestion, production of 
energy, immune system and regulation of neuronal activities [30]. Though 
manganese deficiency is rare, its Adequate Intake (AI) in children aged two to six 
years is 0.5 -1.0 mg/day [31] The quantities of manganese contained in Kenyan-
grown quinoa can meet over and beyond the Adequate Intake (AI) of manganese 
for children making it a good source of manganese.  
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The amount of magnesium in the four quinoa varieties ranged from the lowest 
content of 29.2 mg/100g in BBR to the highest content in Biobio at 73.9 mg/100g 
and a mean content value of 43.0±19.2mg/100g among the four varieties. The 
content levels of magnesium in the four varieties were significantly different, 
(p=0.000) (Table 2). The levels of magnesium reported in this study are lower 
than those reported by Koziol at 249.6mg/100g but quite similar to the value 
(26mg/100g) reported by Ruales & Nair [32, 33]. Compared to other cereals 
such as wheat and corn, quinoa is reported to contain higher levels of 
magnesium [34]. In comparison to rice and wheat, all Kenyan grown quinoa 
contains higher amounts of magnesium than rice and except for Biobio whose 
levels are higher, the levels are similar to wheat (Table 2). Moreover, if 
consumed, the levels can contribute 17-31% of the Adequate Intake levels for 
children aged 2-6 years old [31].  
 

The mean potassium content of the four varieties is 435.2±77.8mg/100g. Titicaca 
had the highest content level of potassium (511.9± 0.03 mg/100g) whereas, 
Cherry Vanilla had the lowest amount (347.6±0.1mg/100g). The content level of 
potassium in the four varieties was significantly different, (p=0.000) (Table 2). The 
content levels of potassium in all four quinoa varieties in this study were lower than 
those reported by USDA of 551mg/100g [29]. Notably, the potassium levels are 
higher in quinoa than in other staple cereals consumed in Kenya. The Kenyan 
grown quinoa if incorporated into the diets of children aged 2-6 years would 
contribute close to 50% of the Adequate Intake (AI) of potassium (Table 2). 
 

The mean level content of calcium of the four varieties was 6.99±3.71mg/100g, 
and a range between 1.34 mg/100g to 10.81 mg/100g, with Biobio and Cherry 
Vanilla having the least and most quantities, respectively. There is a significant 
difference in calcium levels in the four quinoa varieties under study (p=0.000) 
(Table 2). The amounts of calcium reported in this study are lower compared to 
those reported in a review of 148.7mg/100g [35], and 26mg/100g reported in a 
study on quinoa Russian selection grown in the South of Russia [36]. It is 
documented in the literature that quinoa contains calcium at levels higher than the 
other commonly consumed cereals such as maize, rice and wheat [34]. Notably, 
the calcium content in the four Kenyan-grown quinoa varieties is quite low, this 
could be attributed to the soil type and soil composition of the region where the 
experiments were done [34]. Based on the obtained results, the Kenyan-grown 
quinoa would contribute at 0.3-1.8% of the RDA of calcium (Table 2). 
 

The mean iron content of the four quinoa varieties is 8.7±2.4mg/100g. Compared 
to the other varieties, Titicaca and BBR had the highest 11.47mg/100g and lowest 
5.25 mg/100g iron content, respectively. The four quinoa varieties had significantly 
different iron content (p=0.000) (Table 2). The levels of iron of the four varieties fall 
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within the range of results (1.4 mg/100g -16.8mg/100g) reported in a review 
conducted by Vega-Galvez et al. [34] and considerably higher than the results 
reported by Ruales & Nair of 0.4mg/100g [33]. In both studies, the experiments 
were done using raw quinoa grains. The iron content of Titicaca grown in Kenya is 
lower than that of the same variety grown in Iran at 43 mg/100g [37]. Iron plays 
crucial roles in the human body. Such roles include; carrying oxygen from the lungs 
to other body organs, serving as a transport medium for electrons and being a 
crucial part of the enzyme systems in numerous tissues [38]. Results from this 
study show that all the varieties contain higher iron levels than common staples in 
Kenya; maize, wheat and rice (Table 2). Except for BBR, the amounts of iron in the 
other three varieties in 100g are sufficient to meet the RDA of iron in children aged 
2-6 years of 7-10 mg/day [39]. Nevertheless, it is worthwhile noting that the method 
used in analyzing iron content in this study is limited; this is because iron is 
volatilized at high temperatures leading to some unaccounted-for loss.  
 

Of the four varieties, Cherry Vanilla had the highest amounts of copper 
(1.86mg/100g) and Titicaca had the lowest amount (0.83mg/100g). The four 
quinoa varieties with a mean copper content of 1.1±0.46 mg/100g had significantly 
different copper levels (p=0.000). Compared to Kozioł [32] who reported copper 
levels of 5.1mg/100g, this study’s results of copper were lower in quantity but quite 
similar to the results reported by Ruales & Nair of 1.0mg/100g and higher than the 
results reported by USDA of 0.48mg/100g [29, 33]. Nevertheless, the amounts of 
copper in the four Kenyan-grown quinoa varieties are sufficient to meet the 
Recommended Daily Intake (RDI), of children aged two to six years whose 
requirements range from 0.3 to 0.4 mg per day [40]. Among other functions, 
though required in small quantities, copper plays a role in brain development, 
maintenance of the nervous and immune systems and activation of genes.  
 

The content level of zinc in the four varieties ranged between 8.79mg/100g to 
14.1mg/100g. Titicaca had the highest zinc content level (14.11mg/100g) followed 
by Biobio (13.98mg/100g), Cherry vanilla (11.64mg/100g) and BBR with the lowest 
zinc levels of 8.79mg/100g. The mean content of zinc was 12.1±2.31mg/100g. The 
levels of zinc in the four varieties were significantly different (p=0.000). (Table 2). 
The zinc levels in the four Kenyan-grown varieties are within the range of 2.75-
4.8mg/100g as reported in a review by Vega-Galvez et al. [34, 37]. Titicaca grown 
in Kenya had higher zinc content compared to the same variety grown in Iran (> 
0.001g/100g) [37]. A 100g of all four varieties, provides sufficient quantities of zinc 
required to meet the Recommended Dietary Intake (RDI) for children aged 2-6 
years of 3-5mg/day. 
 

Mineral and nutrient content is anticipated to vary with various factors such as soil 
nutrient status, climatic conditions and type of ascensions [14]. In comparison to 
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quinoa grown in seven regions in Chile, South America [North Ancovinto, Cancosa, 
Centre Cahuil, Faro, South Regalona and Villarrica], the quinoa grown in Kenya 
contained higher content levels of manganese, iron and zinc; similar content levels 
of copper and lower content levels of magnesium, calcium and potassium.  
 

Comparison in nutrient profile and utilization of quinoa and local non-cereal 
foods 
Though a pseudo-cereal, quinoa’s micronutrient composition is comparable to local 
nutrient-rich vegetables, such as cowpeas leaves whose consumption is limited by 
seasonality challenges. A study conducted in Kitui and Taita Taveta Counties in 
Kenya reported that during the surplus season, all households consumed cowpeas 
they had produced, but during the drought period majority of these same 
households had no cowpea leaves to consume or they had to source them from 
elsewhere. Advocacy for the consumption of cowpea leaves over the seeds is 
higher, since the leaves are richer in vitamins, antioxidants and minerals [41]. 
Once well stored and observed, grains such as quinoa can have a shelf-life over a 
long period such as several months. Considering the fact that both quinoa and 
cowpea are drought tolerant crops, quinoa has an upper hand since it can be 
stored for longer hence available for consumption over a long time. In terms of 
utilization, quinoa grain can be boiled or fried. Additionally, when ground into flour, 
it can be used to develop numerous products such as chapati, mandazi, and stiff 
porridge (Ugali) among other products [14]. 
 

CONCLUSION AND RECOMMENDATIONS FOR DEVELOPMENT 
 

The different varieties of quinoa significantly differ in their levels of macro and 
micronutrients. Cherry Vanilla variety has the highest content of protein and fat 
while as Titicaca and Biobio has the highest content level of carbohydrates and 
fiber, respectively. In respect to levels of micronutrients, out of the seven 
micronutrients analyzed in this study (manganese, magnesium, potassium, 
calcium, iron, copper and zinc) Titicaca has the highest level of four (4) 
(manganese, potassium, iron, zinc). The Kenyan-grown quinoa has the potential to 
contribute to increased dietary intake of both macronutrients and micronutrients of 
children aged 2-6 years old. Except Titicaca, the other three four quinoa varieties 
contain higher protein levels than maize, rice and wheat, the commonly consumed 
staple cereals in Kenya.  
 

The Kenyan-grown quinoa contains levels of micronutrients in higher amounts 
compared to maize, rice and wheat the commonly consumed cereals in Kenya. 
The levels of copper, manganese and zinc in the four quinoa varieties are sufficient 
to meet the nutrient requirements in children aged 2-6 years. Except for BBR, 
whose iron content can meet slightly over 50% of the recommended daily intake, 
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the iron levels in Cherry Vanilla, Titicaca and Biobio are sufficient to meet the 
recommended daily intake of children aged 2-6 years. The levels of potassium in 
all the four varieties are able to meet slightly less than 50% of the RDA of the 
target population. None of the varieties contain adequate calcium levels in 100g to 
meet the Recommended Daily Allowance (RDA) of 500-600mg/day for children 
aged 2-6 years although their consumption would contribute to the dietary intake.  
 

On this basis, the study recommends that; the growing and consumption of quinoa 
should be promoted in Kenya and introduced into the diets of children aged 2-6 
years of age in Kenya; Quinoa-based products for children aged 2-6 years should 
be developed; and Climate zone-oriented agronomical trials on quinoa farming 
should be conducted.  
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Table 1: Proximate composition of the four different quinoa varieties grown 
in Kenya (on dry weight basis) compared to Kenya’s staple cereals 
(Maize, rice and wheat) 

 

Variety 
of 
Quinoa  

Moisture 
% 

Fiber 
% 

Ash 
% 

Protein 
% 

Fat 
% 

Carbohydrates 
% 

Energy Kcal 

Cherry 
Vanilla 

10.4±0.6 6.9±0.0 3.7±0.2 25.1±0.3 11.5±0.2 42.5±0.4 373.5±0.1 

BBR 10.7± 0.2 6.9±0.8 2.5±0.1 21.1±0.1 6.5±0.2 52.3±0.1 352.1±1.5 
Titicaca 10.3±0.0 6.9±0.1 5.2±0.3 9.3±0.0 4.2±0.0 64.1±0.1 331.6±0.1 
Biobio 10.4±0.2 6.1±0.0 3.6±0.1 17.0±0.1 4.7±0.1 57.9±0.2 343.4±0.86 
Maize 13.6[7] 9.4[7] 1.2[7] 7.94[7] 4.5[7] 63.4[7] 345[7] 
Rice 12.2[7] 0.2[7] 0.2[7] 2.6[7] 0.3[7] 26.2[7] 503[7] 
Wheat 12.2[7] 11.2[7] 0.7[7] 11.2[7] 1.6[7] 70.7[7] 349[7] 
The results are expressed as mean± standard deviation (SD) 
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Table 2: Mineral composition of the four different quinoa varieties grown in 
Kenya in comparison to Kenya’s staple cereals (Maize, rice and 
wheat) 

 

Variety 
of 
Quinoa  
 

Manganese 
 (mg/100g) 

Magnesium 
(mg/100g) 

Potassium 
 (mg/100g) 

Calcium 
 (mg/100g) 

Iron 
 (mg/100g) 

Copper 
 (mg/100g) 

Zinc 
 (mg/100g) 

Cherry 
Vanilla 

9.45±0.04 33.5±0.08 
 

347.6±0.1 10.81±0.01 9.5±0.1 1.86±0.06 11.6±0.01 

BBR 8.59±0.03 29.2±0.05 502.02±0.12 7.96±0.1 5.25±0.05 0.94±0.01 8.79±0.08 

Titicaca 21.97±0.06 35.4±0.07 511.9±0.03 7.86±0.06 11.47± 
0.07 

0.83±0.02 14.1±0.01 

Biobio 20.5±0.15 73.9±0.12 379.03±0.13 1.34±0.0 8.59±0.11 0.86±0.01 13.98±0.193 

Maize 5.0  75[7] 226[7] 24[7] 2.6[7] 0.2 1.88[7] 

Rice 1.1 23[7] 59[7] 21[7] 0.9[7] 0.1 1.32[7] 

Wheat 0.7 31[7] 129[7] 35[7] 5.6[7] 0.1 0.87[7] 

RDA/RNI
/AI 

0.5-
1.0mg/day 
[31] 

170-
230mg/day[31] 

800-
1100mg/day 
[31] 

500-
600mg/day 

7-
10mg/day[3
9] 

0.7-
1.0mg/day 
[31] 

3-
5mg/day[39] 

% 
contribut
ion of 
100g 
quinoa 
to 
RDA/RDI 
in 100g 

>100% 17-31% 43.4% - 
46.5% 

0.3-1.8% 75%-
114.7% 

118.6%- 
186% 

282- 293% 

Mean, 
SD 

151.15±65.5 
15.1±6.6 

430.01±192.5 
43.±19.2 

4351.5±778 
435.1±77.8 

69.95±37.1 
7.0 ±3.7 

87.0±24.0 
8.7±2.4 

11.21±4.6 
1.1±0.46 

121.32±23.1 
12.1±2.31 

The results are expressed as mean± standard deviation (SD) 
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Sunflower Guard Rows 
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